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General remarks 

All air- or moisture-sensitive reactions were carried out in dried glassware (>100 °C) under 

nitrogen atmosphere. Dried solvents were distilled before use: THF was distilled from Na, 

CH2Cl2 and DMF was purchased from Sigma-Aldrich. The products were purified by flash 

chromatography on silica gel columns (Macherey-Nagel 60, 0.063-0.2 mm). Furthermore, 

a Reveleris® Flash Chromatography System from Grace with C18 4g flash columns from 

TELOS was used. Mixtures of ethyl acetate and hexane or CH2Cl2 and Et2O were 

generally used as eluents. Analytical TLC was performed on precoated silica gel plates 

(Fluka). Visualization was accomplished with UV-light and KMnO4 or Ninhydrin solution. 

Melting points were determined with a Laboratory Devices MEL-TEMP II melting point 

apparatus and are uncorrected. 1H and 13C NMR spectra were recorded with Bruker AV II 

400 [400 MHz (1H) and 100 MHz (13C)] and Bruker DRX and AV 500 [500 MHz (1H) and 

125 MHz (13C)] spectrometers in CDCl3, unless otherwise specified. Chemical shifts are 

reported in ppm relative to TMS, and CHCl3 was used as the internal standard. 

Multiplicities are reported as (br) broad, (s) singlet, (d) doublet, (t) triplet, (q) quartet and 

(m) multiplet. The diastereomeric ratios were determined by NMR. Mass spectra were 

recorded with a Finnigan MAT 95 spectrometer using the CI technique. Optical rotations 

were measured with a Perkin-Elmer polarimeter (model 341) in a thermo-stated (20 °C ± 1 

°C) cuvette with a sodium vapor lamp (λ = 589 nm). The concentrations are given in g/100 

mL. 

High performance liquid chromatography (HPLC) was carried out on an instrument from 

Merck-Hitachi (model LaChrom D-7000). The chiral stationary phase used was a Chiralcel 

OD-H (250 × 4.6 mm) from Daicel Chemical Industries. The evaluation was conducted 

using the Multi-HSM-Manager (Merck). For the preparative high performance liquid 

chromatography (prep. HPLC) an instrument from Merck-Hitachi (model LaChrom D-7150) 

was used in combination with a Reprosil 100 C-18 column (100x20 mm, 5 µm particle 

size) (Altmann Analytics). The evaluation was also performed using the multi-HSM-

Manager. Gas chromatography (GC) was performed using the gas chromatograph GC-

2010 Shimadzu with a Chirasil-Dex CB capillary column was used (25 m length, 0.25 mm 

internal diameter). The analysis was performed with the software Shimadzu GC Solution. 
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The carrier gas used was nitrogen. Liquid chromatography-mass spectrometry (LC-MS) 

was carried out on an instrument from Shimadzu model 10AT VP and model LCMS 2020. 

With a Luna 100 column (50x4.6 mm, 3 µm particle size) from Phenomenex. The analysis 

was performed with the software LabSolutions (Shimadzu). The synthesis of the polyketide 

fragment 3, the brominated tripeptide 11c and the miuraenamides A, D and E as well as 

derivatives of series B (inverted stereogenic center in the polyketide chain) was reported 

previously.5 

 

General procedures 

GP 1: O-Allylation of tyrosine esters 

To a solution of the protected tyrosine derivatives 8 and 13 (1.0 eq) in dry DMF (2–5 

mL/mmol) potassium carbonate (2.0 eq) and allyl bromide (2.0 eq) were added at room 

temperature. After stirring overnight, the reaction mixture was diluted with EtOAc and 

washed three times with dest. H2O. The organic layer was dried over Na2SO4, the solvent 

was evaporated in vacuo and the residue was purified by column chromatography (silica 

gel, petroleum ether/EtOAc). 

 
GP 2: Saponification of esters with LiOH-solution 

To a solution of the corresponding ester (1.0 eq) in THF/MeOH (3:1; 5–8 mL/mmol) a 

solution of LiOH (1.05 eq) in dest. H2O (2 mL/mmol ester) was added at 0 °C. After 

complete conversion (TLC-control), the solvent was evaporated in vacuo and the residue 

was acidified with 1 M HCl-solution to pH 2. The aqueous layer was extracted with EtOAc, 

the combined organic layers were dried over Na2SO4 and the solvent was evaporated in 

vacuo. 

 
GP 3: N-Methylation of N-Boc-protected amino acids 

The N-protected amino acid was dissolved in THF (5 mL/mmol) before sodium hydride 

(6.0 eq, 60 % in mineral oil) and methyl iodide (8.0 eq) were added slowly. After stirring 

over night at room temperature the solution was diluted with EtOAc and hydrolyzed with 

water. The organic layer was extracted twice with saturated NaHCO3-solution, the 

combined aqueous layers were acidified with 1 M HCl solution and the product was 

extracted twice with EtOAc. The combined organic layers were dried over Na2SO4 and the 

solvent was evaporated in vacuo. The crude product was purified by column 

chromatography giving rise to the N-methylated amino acid. 

 
GP 4: Peptide coupling of N-methylated amino acids with TBTU 

To a solution of the N-methylated amino acid (1.0 eq) and glycine methyl ester hydro-

chloride (1.1 eq) in dry CH2Cl2 (5–10 mL/mmol) N,N-diisopropylethylamine (DIPEA) (2.1 

eq) and O-(benzotriazol-1-yl)-N,N,N′,N′-tetramethyluronium tetrafluoroborate (TBTU) (1.1 

eq) were added at 0 °C. After stirring overnight at room temperature, the solvent was 

evaporated in vacuo and the residue was dissolved with EtOAc. The organic layer was 

washed successively with 1 M KHSO4-, saturated NaHCO3-, and saturated NaCl-solution. 
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After drying over Na2SO4, the solvent was evaporated and the residue was purified by 

column chromatography (silica gel, petroleum ether/EtOAc). 

 
GP 5: Boc-Deprotection with HCl in dioxane 

To the Boc-protected peptide (1.0 eq) in THF (mL/mmol) a 4 M HCl/dioxane-solution (10 

eq) was added at 0 °C. After complete conversion (TLC-control), the solvent was 

evaporated in vacuo. 

 
GP 6: Peptide coupling of N-methylated dipeptides with PyBOP 

To a solution of the N-methyl dipeptide hydrochloride (obtained by GP 5) in dry CH2Cl2 (4–

5 mL/mmol) Boc-(S)-alanine (1.1 eq), DIPEA (3.1 eq) and (benzotriazol-1-

yloxy)tripyrrolidinophosphonium hexafluoro-phosphate (PyBOP) (1.1 eq) were added 

successively at 0 °C. After stirring at room temperature overnight, the solvent was 

evaporated in vacuo and the residue was dissolved in EtOAc. The organic layer was 

washed successively with 1 M KHSO4-, saturated NaHCO3-, and saturated NaCl-solution. 

After drying over Na2SO4, the solvent was evaporated and the residue was purified by 

column chromatography (silica gel, petroleum ether/EtOAc). 

 
GP 7: Steglich Esterification with DCC/DMAP1 

To a solution of the tripeptide acid (1.0 eq) in dry CH2Cl2 (8 mL/mmol) alcohol 3 (1.0–1.2 

eq), 4-(dimethylamino)pyridine (DMAP) (0.1 eq) and N,N′dicyclohexylcarbodiimide (DCC) 

(1.2 eq) in dry CH2Cl2 (3 mL/mmol) were added. After stirring the mixture overnight at 

room temperature, the solvent was evaporated in vacuo and the residue was dissolved in 

Et2O. The precipitated urea derivative was filtered off, the solvent was evaporated and the 

residue was purified by column chromatography (silica gel, petroleum ether/EtOAc).  

 
GP 8: TBS-Deprotection with TBAF 

To a solution of a silyl-protected depsipeptide (1.0 eq) in dry THF (1–3 mL/mmol) a 

solution of TBAF·3 H2O (1.1 eq) in dry THF (2.2 mL/mmol) or a 1 M TBAF-solution in THF 

(1.2–1.5 eq) was added. After complete deprotection (TLC-control), the reaction mixture 

was diluted with EtOAc, washed with 1 M HCl- and saturated NaCl-solution and was dried 

over Na2SO4. After evaporation of the solvent and purification by column chromatography, 

the desired alcohol was obtained.  

 
GP 9: Jones Oxidation 

Jones-solution (3 M): 1.0 g CrO3, 2.91 mL H2O, 0.84 mL H2SO4 

To a solution of the corresponding alcohol (1.0 eq) in acetone (7 mL/mmol) a 3 M Jones-

solution (3.0 eq) was added. After complete oxidation (TLC-control, 10–20 min), the 

reaction was quenched with isopropanol and the solvent was evaporated in vacuo. The 

residue was diluted with dest. H2O and was extracted with EtOAc. The combined organic 

layers were washed with saturated NaCl-solution and dried over Na2SO4. After 

evaporation of the solvent, the residue was purified by column chromatography. 

 
GP 10: Macrolactamization via the pentafluorophenylester method2 
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To a solution of cyclization precursor (1.0 eq) and pentafluorophenol (1.1 eq) in dry CH2Cl2 

(10 mL/mmol) N-(3-dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC·HCl) 

(1.1 eq) was added at 0 °C under a nitrogen atmosphere. After stirring overnight at room 

temperature, the mixture was diluted with EtOAc and washed with saturated NaHCO3-

solution. After extraction of the aqueous layer, the combined organic layers were dried 

over Na2SO4 and the solvent was evaporated. The corresponding active ester was 

subjected to N-deprotection with CH2Cl2/TFA (4:1, 10 mL/mmol) without further 

purification. After complete deprotection (TLC-control), the reaction mixture was diluted 

with CH2Cl2 (10−20 mL/mmol) and was slowly added over 75 min to a two-phase-mixture 

of CHCl3 and saturated NaHCO3-solution (7:1; 400 mL/mmol) at 40 °C. After complete 

addition, the mixture was heated to 60 °C and stirred vigorously overnight. The aqueous 

layers was extracted with CH2Cl2 and the combined organic layers were dried over 

Na2SO4. After evaporation of the solvent, the residue was purified by column 

chromatography. 

 
GP 11: Aldol-reaction  

Under a nitrogen atmosphere diisopropylamine (DIPA) (5.1 eq) was dissolved in dry THF 

(1.5 mL/mmol), cooled to –40 °C before 1.6 M nBuLi-solution in hexane (5.0 eq) was 

slowly added. The freshly prepared base solution was stirred for 10 min at room 

temperature and then cooled to  –78 °C. In a second flask the macrocycle (1.0 eq) was 

dissolved in dry THF (7.5 mL/mmol) and was also cooled to –78 °C. Afterwards the 

resulting LDA-solution (4.5 eq) was slowly added to the cyclic substrate to generate a 

bright red enolate solution. After stirring for 5–10 min at –78 °C, a solution of 

benzaldehyde (2.0 eq) in dry THF (2 mL/mmol) was added to the enolate. After complete 

conversion (TLC-control), the reaction mixture was quenched with 1 M HCl-solution at –78 

°C and was allowed to warm up to room temperature. The aqueous layer was extracted 

with EtOAc and the combined organic layer were dried over Na2SO4. After evaporation of 

the solvent, the residue was purified by column chromatography.  

 
GP 12: DMP-oxidation3 of aldol products 

Under nitrogen atmosphere the corresponding aldol product (1.0 eq) was dissolved in dry 

CH2Cl2 (20 mL/mmol) and Dess-Martin-Periodinane (DMP) (1.2 eq) was added at room 

temperature. After complete oxidation (TLC-control), the reaction mixture was diluted with 

Et2O, washed with a mixture of 1 M NaOH- and saturated Na2S2O3- as well as saturated 

NaCl-solution. The aqueous layer was extracted with EtOAc and the combined organic 

layers were dried over Na2SO4. The solvent was evaporated in vacuo and the residue was 

purified by column chromatography. 

 
GP 13: allyl-deprotection4 of tyrosins 

To the corresponding allyl ether (1.0 eq) dissolved in dry MeOH (15 mL/mmol) quinaldic 

acid (0.1–0.2 eq) as well as CpRu(MeCN)3PF6 (0.1–0.2 eq) were added at room 

temperature. After complete deprotection (LC-MS-control), either the solvent was 

evaporated in vacuo and the catalyst was separated by column chromatography or DMSO 

was added, stirred over night and than purified by column chromatography.  
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Preparation of the compounds 

(E)-9-((tert-Butyldimethylsilyl)oxy)- 4-methylnon-4-en -1-ol (3’) 

To a suspension of LiAlH4 (769 mg, 20.3 mmol) in dry THF (50 mL) a solution of ester 25 

was added in dry THF (50 mL) at 0 °C. After stirring for 0.5 h at this temperature, the 

mixture was warmed to room temperature. After complete conversion (TLC-control), the 

reaction mixture was diluted with Et2O and hydrolyzed dropwise with H2O. The aqueous 

layer was extracted with Et2O, the combined organic layers were dried over Na2SO4 and 

the solvent was evaporated in vacuo. The residue was purified by column chromatography 

(silica gel, petroleum ether/EtOAc 9:1, 8:2, 6:4) and gave rise to alcohol 3’ (4.13 g, 14.4 

mmol, 92 %) as pale yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 0.04 (s, 6 H), 0.89 (s, 9 H), 

1.36 (m, 2 H), 1.51 (m, 2 H), 1.61 (s, 3 H), 1.67 (m, 2 H), 2.00 (dt, J = 7.3, 7.3 Hz, 2 H), 

2.06 (t, J = 7.4 Hz, 2 H), 3.60 (t, J = 6.5 Hz, 2 H), 3.63 (t, J = 6.4 Hz, 2 H), 5.17 (tq, J = 7.1, 

1.1 Hz, 1 H). 13C-NMR (CDCl3, 100 MHz) δ = −5.3, 15.9, 18.4, 26.0, 26.0, 27.6, 30.8, 32.5, 

36.0, 62.8, 63.2, 125.1, 134.7. HRMS (CI) calcd for C16H35O2Si [M+H]+: 287.2401, found: 

287.2418. Elemental analysis calcd for C16H34O2Si (286.53): C 67.07, H 11.96, found: C 

66.53, H 11.88. 

 

(R)-O-Allyl-N-tert-butoxycarbonyl-3-chloro-tyrosine methyl ester (8b)  

According to GP 1 chlorinated tyrosine 7b6 (5.74 g, 17.4 mmol) was reacted in dry DMF 

(35 mL) with potassium carbonate (2.89 g, 20.9 mmol) and allyl bromide (1.81 mL, 20.9 

mmol). Column chromatography (silica gel, petroleum ether/EtOAc 8:2, 7:3) gave rise to 

the allyl-protected tyrosine 8b (6.32 g, 17.1 mmol, 98 %) as colorless oil.  = ─55.3 (c 

= 1.0, CHCl3). 1H-NMR (CDCl3, 400 MHz): δ = 1.42 (s, 9 H), 2.95 (dd, J = 13.9, 5.9 Hz, 1 

H), 3.05 (dd, J = 13.9, 5.6 Hz, 1 H), 3.72 (s, 3 H), 4.53 (ddd, J = 7.6, 5.8, 5.8 Hz, 1 H), 4.58 

(ddd, J = 5.1, 1.5, 1.5 Hz, 2 H), 4.99 (d, J = 7.5 Hz, 1 H), 5.30 (ddt, J = 10.5, 1.4, 1.4 Hz, 1 

H), 5.45 (ddt, J = 17.3, 1.6, 1.6 Hz, 1 H), 6.05 (ddt, J = 17.2, 10.4, 5.1 Hz, 1 H), 6.84 (d, J 

= 8.4 Hz, 1 H), 6.95 (dd, J = 8.4, 2.1 Hz, 1 H), 7.13 (d, J = 1.9 Hz, 1 H). 13C-NMR (CDCl3, 

100 MHz): δ = 28.3, 37.2, 52.3, 54.4, 69.7, 80.0, 113.7, 117.9, 122.8, 128.3, 129.3, 131.1, 

132.6, 153.1, 155.0, 172.1. HRMS (CI) calcd for C18H25ClNO5
+ [M+H]+: 370.1416, found: 

370.1382. Elemental analysis calcd for C18H24ClNO5 (369.84): C 58.46, H 6.54, N 3.79, 

found: C 58.48, H 6.57, N 4.16. 

 

(R)-O-Allyl-N-tert-butoxycarbonyl-N-methyl-tyrosine (9a) 

According to GP 2 protected tyrosine methyl ester 8a7 (9.89 g, 29.5 mmol) was reacted in 

THF/MeOH (3:1, 150 mL) with a solution of LiOH (743 mg, 31.0 mmol) in dest. H2O (37 

mL). The crude product was converted according to GP 3 to the N-methylated amino acid 

in THF (90 mL) with sodium hydride (7.08 g, 177 mmol, 60 % in mineral oil) and methyl 

iodide (14.8 mL, 236 mmol). Purification by flash chromatography (silica, petroleum 

ether/EtOAc 8:2, 7:3, 6:4, + 1 % AcOH) gave rise to 9a (9.18 g, 27.4 mmol, 93 %) as a 

colorless, viscose oil.  = +61.2 (c = 1.0, CHCl3). Major rotamer: 1H NMR (CDCl3, 400 

MHz): δ = 1.40 (s, 9 H), 2.68 (s, 3 H), 3.06 (dd, J = 14.2, 11.3 Hz, 1 H), 3.23 (dd, J = 14.3, 

4.4 Hz, 1 H), 4.51 (ddd, J = 5.3, 1.5, 1.5 Hz, 2 H), 4.55 (dd, J = 10.8, 4.2 Hz, 1 H), 5.27 

(ddt, J = 10.6, 1.4, 1.4 Hz, 1 H), 5.40 (ddt, J = 17.3, 1.6, 1.6 Hz, 1 H), 6.04 (ddt, J = 17.2, 
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10.5, 5.3 Hz, 1 H), 6.85 (d, J = 8.4 Hz, 2 H), 7.12 (d, J = 8.4 Hz, 2 H). 13C NMR (CDCl3, 

100 MHz): δ = 28.2, 33.0, 33.8, 61.6, 68.8, 80.7, 114.7, 117.6, 129.2, 129.9, 133.3, 156.4, 

157.4, 175.9. Minor rotamer (selected signals): 1H NMR (CDCl3, 400 MHz): δ = 1.35 (s, 9 

H), 2.75 (s, 3 H), 2.98 (dd, J = 13.9, 11.3 Hz, 1 H), 3.26 (dd, J = 14.3, 4.8 Hz, 1 H), 4.76 

(dd, J = 10.8, 5.1 Hz, 1 H), 7.08 (d, J = 8.6 Hz, 2 H). 13C NMR (CDCl3, 100 MHz): δ = 32.6, 

34.4, 60.9, 114.9, 129.6, 155.0, 157.4, 176.5. HRMS (CI) calcd for C18H26NO5 [M+H]+: 

336.1805, found: 336.1793. 

 

(R)-O-Allyl-N-tert-butoxycarbonyl-3-chloro-N-methyl-tyrosin (9b) 

According to GP 2 protected tyrosine methyl ester 8b (370 mg, 1.00 mmol) was reacted in 

THF/MeOH (3:1, 8 mL) with a solution of LiOH (25.2 mg, 1.05 mmol) in dest. H2O (2 mL). 

The crude product was converted according to GP 3 to the N-methylated amino acid in 

THF (3 mL) with sodium hydride (140 mg, 3.50 mmol, 60 % in mineral oil) and methyl 

iodide (0.50 mL, 8.00 mmol). Purification by flash chromatography (silica, petroleum 

ether/EtOAc 7:3 + 1 % AcOH) gave rise to 9b (341 mg, 0.922 mmol, 92 %) as a pale 

yellow, viscose oil.  = +57.4 (c = 1.0, CHCl3). Major rotamer: 1H-NMR (CDCl3, 400 

MHz): δ = 1.43 (s, 9 H), 2.68 (s, 3 H), 3.07 (dd, J = 14.2, 11.1 Hz, 1 H), 3.22 (dd, J = 14.5, 

5.0 Hz, 1 H), 4.59 (ddd, J = 5.1, 1.5, 1.5 Hz, 2 H), 4.66 (dd, J = 10.3, 5.1 Hz, 1 H), 5.30 

(ddt, J = 10.5, 1.4, 1.4 Hz, 1 H), 5.45 (ddt, J = 17.1, 1.5, 1.5 Hz, 1 H), 6.05 (ddt, J = 17.1, 

10.4, 5.1 Hz, 1 H), 6.85 (d, J = 8.4 Hz, 1 H), 7.05 (d, J = 8.3 Hz, 1 H), 7.21 (s, 1 H). 13C-

NMR (CDCl3, 100 MHz): δ = 28.2, 33.1, 33.5, 61.1, 69.8, 80.9, 113.8, 117.8, 122.8, 128.0, 

130.5, 130.7, 132.6, 152.8, 154.9, 176.1. Minor rotamer (selected signals): 1H-NMR 

(CDCl3, 400 MHz): δ = 1.37 (s, 9 H), 2.76 (s, 3 H), 2.95 (dd, J = 14.0, 11.2 Hz, 1 H), 6.98 

(d, J = 8.0 Hz, 1 H), 7.22 (s, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 32.4, 34.1, 60.6, 123.0, 

128.2, 129.9, 130.6, 152.9, 156.3, 175.8. HRMS (CI) calcd for C18H24ClNO5
+ [M+H]+: 

370.1416, found: 370.1426.  

 

(R)-(O-Allyl-N-tert-butoxycarbonyl-N-methyl-tyrosyl)-glycine methyl ester (10a) 

The N-methylated amino acid 9a (8.81 g, 26.3 mmol) was coupled according to GP 4 with 

glycine methyl ester hydrochloride (3.63 g, 28.9 mmol), DIPEA (9.40 mL, 55.2 mmol) and 

TBTU (9.28 g, 28.9 mmol) in dry CH2Cl2 (158 mL). The desired dipeptide 10a (9.33 g, 23.0 

mmol, 88 %) was obtained by column chromatography (silica gel, petroleum ether/EtOAc 

6:4, 1:1) as colorless, viscous oil.  = +69.6 (c = 1.0, CHCl3). Major rotamer: 1H-NMR 

(CDCl3, 400 MHz): δ = 1.38 (s, 9 H), 2.75 (s, 3 H), 2.87 (m, 1 H), 3.33 (m, 1 H), 3.73 (s, 3 

H), 3.86 (dd, J = 17.9, 6.8 Hz, 1 H), 4.16 (dd, J = 18.3, 6.3 Hz, 1 H), 4.49 (d, J = 5.3 Hz, 2 

H), 4.93 (m, 1 H), 5.26 (d, J = 10.5 Hz, 1 H), 5.39 (d, J = 17.3 Hz, 1 H), 6.03 (ddt, J = 17.2, 

10.5, 5.3 Hz, 1 H), 6.67 (bs, 1 H), 6.82 (d, J = 7.7 Hz, 2 H), 7.12 (d, J = 7.5 Hz, 2 H). 13C-

NMR (CDCl3, 100 MHz): δ = 28.2, 30.8, 33.0, 41.0, 52.2, 59.5, 68.8, 80.5, 114.6, 117.5, 

129.6, 129.9, 133.3, 156.6, 157.2, 170.0, 171.1. Minor rotamer (selected signals): 1H-NMR 

(CDCl3, 400 MHz): δ = 1.29 (s, 9 H), 2.79 (s, 3 H), 2.89 (m, 1 H), 3.28 (m, 1 H), 3.76 (s, 3 

H), 3.99 (dd, J = 17.2, 6.0 Hz, 1 H), 4.14 (m, 1 H), 4.49 (d, J = 5.2 Hz, 2 H), 4.73 (m, 1 H), 

6.03 (ddt, J = 17.1, 10.5, 5.4 Hz, 1 H), 6.40 (bs, 1 H), 7.08 (d, J = 8.0 Hz, 2 H). 13C-NMR 

(CDCl3, 100 MHz): δ = 28.1, 52.3, 61.7, 80.7, 114.8, 155.2, 157.3, 170.0, 170.8. HRMS 
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(CI) calcd for C21H31N2O6
+ [M+H]+: 407.2177, found: 407.2169. Elemental analysis calcd 

for C21H30N2O6 (406.47): C 62.05, H 7.44, N 6.89, found: C 62.39, H 7.48, N 6.98. 

 

(R)-(O-Allyl-N-tert-butoxycarbonyl-3-chloro-N-methyl-tyrosyl)-glycin-methylester 

(10b) 

The protected N-methylated amino acid 9b (3.81 g, 10.3 mmol) was coupled according to 

GP 4 with glycine methyl ester hydrochloride (1.42 g, 11.3 mmol), DIPEA (3.67 mL, 21.6 

mmol) and TBTU (3.63 g, 11.3 mmol) in dry CH2Cl2 (103 mL). The desired dipeptide 10b 

(4.34 g, 9.84 mmol, 96 %) was obtained by column chromatography (silica gel, petroleum 

ether/EtOAc 1:1) as yellow oil.  = +64.2 (c = 1.0, CHCl3). Major rotamer: 1H-NMR 

(CDCl3, 400 MHz): δ = 1.39 (s, 9 H), 2.74 (s, 3 H), 2.86 (m, 1H), 3.25 (dd, J = 14.2, 5.7 Hz, 

1 H), 3.73 (s, 3 H), 3.86 (dd, J = 17.8, 4.1 Hz, 1 H), 4.14 (m, 1 H), 4.56 (ddd, J = 5.1, 1.4, 

1.4 Hz, 2 H), 4.90 (dd, J = 9.1, 5.6 Hz, 1 H), 5.28 (ddt, J = 10.2, 1.8, 1.8 Hz, 1 H), 5.43 

(ddt, J = 17.3, 1.6, 1.6 Hz, 1 H), 6.03 (ddt, J = 17.2, 10.4, 5.1 Hz, 1 H), 6.69 (bs, 1 H), 6.82 

(d, J = 8.4 Hz, 1 H), 7.05 (d, J = 8.0 Hz, 1 H), 7.20 (d, J = 2.1 Hz, 1 H). 13C-NMR (CDCl3, 

100 MHz): δ = 28.2, 30.9, 32.7, 41.0, 52.3, 59.4, 69.7, 80.7, 113.8, 117.8, 122.7, 128.1, 

130.7, 130.9, 132.7, 152.7, 156.6, 170.0, 170.8. Minor rotamer (selected signals): 1H-NMR 

(CDCl3, 400 MHz): δ = 1.32 (s, 9 H), 2.78 (s, 3 H), 3.32 (m, 1 H), 3.98 (dd, J = 17.2, 5.7 

Hz, 1 H), 4.77 (m, 1 H), 6.41 (bs, 1 H), 6.97 (d, J = 8.3 Hz, 1 H). 13C-NMR (CDCl3, 100 

MHz): δ = 28.1, 30.5, 32.8, 41.1, 61.2, 80.9, 123.0, 130.5, 152.7, 155.1. HRMS (CI) calcd 

for C21H30ClN2O6
+ [M+H]+: 441.1787, found: 411.1794. Elemental analysis for 

C21H29ClN2O6 (440.92): C 57.20, H 6.63, N 6.35, found: C 56.83, H 6.76, N 6.75.  

 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-N-methyl-tyrosyl)-glycin-methylester 

(11a) 

According to GP 5 Boc-protected dipeptide 10a (8.67 g, 21.3 mmol) was reacted with 4 M 

HCl/dioxane-solution (53.3 mL, 213 mmol). The resulting hydrochloride was converted to 

tripeptide 11a according to GP 6 with Boc-(S)-alanine (4.43 g, 23.4 mmol), DIPEA (11.3 

mL, 66.0 mmol) and PyBOP (12.2 g, 23.4 mmol) in dry CH2Cl2 (94 mL). Column 

chromatography (silica gel, petroleum ether/EtOAc 6:4, 1:1) gave rise to the desired 

tripeptide 11a (8.99 g, 18.8 mmol, 88 %) as colorless foam.  = +51.6 (c = 1.0, CHCl3). 
1H-NMR (CDCl3, 400 MHz): δ = 0.89 (d, J = 6.8 Hz, 3 H), 1.39 (s, 9 H), 2.93 (dd, J = 14.4, 

11.8 Hz, 1 H), 2.94 (s, 3 H), 3.34 (dd, J = 15.0, 5.3 Hz, 1 H), 3.72 (s, 3 H), 3.84 (dd, J = 

17.7, 5.1 Hz, 1 H), 4.13 (dd, J = 17.8, 6.4 Hz, 1 H), 4.40 (qd, J = 6.9, 6.9 Hz, 1 H), 4.47 

(ddd, J = 5.3, 1.4, 1.4 Hz, 2 H), 5.23–5.26 (m, 2 H), 5.36 (ddt, J = 17.2, 1.5, 1.5 Hz, 1 H), 

5.56 (dd, J = 10.8, 5.7 Hz, 1 H), 6.01 (ddt, J = 17.1, 10.5, 5.3 Hz, 1 H), 6.79 (d, J = 8.6 Hz, 

2 H), 6.87 (dd, J = 6.1, 5.6 Hz, 1 H), 7.08 (d, J = 8.6 Hz, 2 H). 13C-NMR (CDCl3, 100 MHz): 

δ = 17.4, 28.3, 30.7, 32.5, 41.0, 46.5, 52.2, 56.9, 68.8, 79.9, 114.7, 117.5, 128.9, 129.6, 

133.2, 155.7, 157.3, 170.0, 170.3, 174.6. HRMS (CI) calcd for C24H36N3O7
+ [M+H]+: 

478.2548, found: 478.2554. Elemental analysis calcd for C24H35N3O7 (477.55): C 60.36, H 

7.39, N 8.80, found: C 59.84, H 7.21, N 8.80. 

 



     

S9 
 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-3-chloro-N-methyl-tyrosyl)-glycin-

methylester (11b) 

According to GP 5 Boc-protected dipeptide 10b (4.30 g, 9.75 mmol) was reacted with 4 M 

HCl/dioxane-solution (24.4 mL, 97.5 mmol). The resulting hydrochloride was reacted 

according to GP 6 with Boc-(S)-alanine (2.03 g, 10.7 mmol), DIPEA (5.17 mL, 30.2 mmol) 

and PyBOP (5.57 g (10.7 mmol) in dry CH2Cl2 (43 mL). Column chromatography (silica 

gel, petroleum ether/EtOAc 1:1) gave rise to the desired tripeptide 11b (8.52 mmol, 87 %) 

as pale yellow foam.  = +40.8 (c = 1.0, CHCl3). 1H-NMR (CDCl3, 400 MHz): δ = 0.96 

(d, J = 6.9 Hz, 3 H), 1.39 (s, 9 H), 2.88 (dd, J = 15.3, 11.1 Hz, 1 H), 2.95 (s, 3 H), 3.34 (dd, 

J = 15.2, 5.5 Hz, 1 H), 3.72 (s, 3 H), 3.83 (dd, J = 17.8, 5.3 Hz, 1 H), 4.13 (dd, J = 17.8, 6.4 

Hz, 1 H), 4.42 (dq, J = 6.9, 6.9 Hz, 1 H), 4.55 (ddd, J = 5.1, 1.5, 1.5 Hz, 2 H), 5.23 (d, J = 

6.9 Hz, 1 H), 5.27 (ddt, J = 10.5, 1.4, 1.4 Hz, 1 H), 5.41 (ddt, J = 17.3, 1.6, 1.6 Hz, 1 H), 

5.50 (dd, J = 10.8, 5.6 Hz, 1 H), 6.02 (ddt, J = 17.2, 10.4 Hz, 5.1 Hz, 1 H), 6.80 (d, J = 8.4 

Hz, 1 H), 6.96 (dd, J = 6.8, 4.9 Hz, 1 H), 7.01 (dd, J = 8.4, 2.1 Hz, 1 H), 7.16 (d, J = 2.1 Hz, 

1 H). 13C-NMR (CDCl3, 100 MHz): δ = 17.3, 28.3, 30.7, 32.2, 41.0, 46.5, 52.2, 56.6, 69.7, 

80.0, 113.8, 117.8, 122.8, 127.8, 130.3, 130.4, 132.6, 152.7, 155.8, 169.9, 170.0, 174.8. 

LC-MS (Luna, 0.6 mL/min, 254 nm, MeCN/H2O 6:4, tR = 3.33 min). HRMS (CI) calcd for 

C24H35ClN3O7
+ [M+H]+: 512.2158, found: 512.2132. Elemental analysis calcd for 

C24H34ClN3O7 (512.00): C 56.30, H 6.69, N 8.21, found: C 56.44, H 6.72, N 8.18. 

 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-N-methyl-tyrosyl)-glycine-(2S,5E)-10-

(tert-butyldimethylsiloxy)-5-methyl-dec-5-en-2-yl ester (15aA) 

According to GP 2 tripeptide 11a (1.91 g, 4.00 mmol) was converted in THF/MeOH (3:1, 

24 mL) with LiOH (101 mg, 4.20 mmol) solved in dest. H2O (8 mL) to the corresponding 

crude acid (1.74 g, 3.75 mmol, 94 %). The crude acid (1.74 g, 3.75 mmol) was reacted 

according to GP 7 in dry CH2Cl2 (35 mL) with alcohol (S)-3 (1.05 g, 3.49 mmol), DMAP (43 

mg, 0.352 mmol) and DCC (865 mg, 4.19 mmol) in dry CH2Cl2 (13 mL). Purification by 

column chromatography (silica gel, petroleum ether/EtOAc 7:3) gave rise to depsipeptide 

15aA (1.84 g, 2.47 mmol, 71 %) as colorless solid.  = +36.1 (c = 1.0, CHCl3). 1H-NMR 

(CDCl3, 400 MHz): δ = 0.04 (s, 6 H), 0.89 (s, 9 H), 0.89 (d, J = 6.8 Hz, 3 H), 1.23 (d, J = 

6.3 Hz, 3 H), 1.36 (m, 2 H), 1.40 (s, 9 H), 1.50 (m, 2 H), 1.55–1.61 (m, 4 H), 1.71 (m, 1 H), 

1.94–2.02 (m, 4 H), 2.93 (dd, J = 14.8, 11.4 Hz, 1 H), 2.94 (s, 3 H), 3.35 (dd, J = 15.2, 5.5 

Hz, 1 H), 3.59 (t, J = 6.5 Hz, 2 H), 3.80 (dd, J = 18.0, 5.0 Hz, 1 H), 4.12 (dd, J = 17.8, 6.3 

Hz, 1 H), 4.41 (dq, J = 7.0, 7.0 Hz, 1 H), 4.48 (ddd, J = 5.3, 1.5, 1.5 Hz, 2 H), 4.91 (m, 1 

H), 5.11 (tq, J = 7.1, 1.1 Hz, 1 H), 5.23 (d, J = 7.0 Hz, 1 H), 5.23 (ddt, J = 10.5, 1.4, 1.4 Hz, 

1 H), 5.37 (ddt, J = 17.3, 1.6, 1.6 Hz, 1 H), 5.56 (dd, J = 11.0 , 5.6 Hz, 1 H), 6.02 (ddt, J = 

17.2, 10.5, 5.3 Hz, 1 H), 6.78–6.81 (m, 3 H), 7.08 (d, J = 8.6 Hz, 2 H). 13C-NMR (CDCl3, 

100 MHz): δ = −5.3, 16.0, 17.5, 18.4, 19.9, 26.0, 26.0, 27.6, 28.3, 30.8, 32.5, 32.6, 34.2, 

35.4, 41.3, 46.6, 57.0, 63.2, 68.8, 72.3, 79.8, 114.7, 117.6, 125.1, 129.0, 129.7, 133.3, 

133.9, 155.7, 157.3, 169.1, 170.2, 174.6. HRMS (CI) calcd for C40H67BrN3O8Si+ [M+H]+: 

745.4692, found: 745.4686. Elemental analysis calcd for C40H67N3O8Si (746.06): C 64.40, 

H 9.05, N 5.63, found: C 64.65, H 9.07, N 5.56. 

 



     

S10 
 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-3-chloro-N-methyl-tyrosyl)-glycine-

(2S,5E)-10-(tert-butyldimethylsiloxy)-5-methyl-dec-5-en-2-yl ester (15bA) 

According to GP 2 tripeptide 11b (2.07 g, 4.05 mmol) was converted in THF/MeOH (3:1, 

32 mL) with LiOH (102 mg. 4.25 mmol) solved in dest. H2O (8 mL) to the corresponding 

crude acid. The crude acid was reacted according to GP 7 in dry CH2Cl2 (32 mL) with 

alcohol (S)-3 (1.46 g, 4.86 mmol), DMAP (77 mg, 0.630 mmol) and DCC (1.00 g, 4.86 

mmol) in dry CH2Cl2 (15 mL). Purification by column chromatography (silica gel, petroleum 

ether/EtOAc 6:4, 1:1) gave rise to depsipeptide 15bA (2.75 g, 3.52 mmol, 87 %) as pale 

yellow solid.  = +23.5 (c = 1.0, CHCl3). 1H-NMR (CDCl3, 400 MHz): δ = 0.04 (s, 6 H), 

0.89 (s, 9 H), 0.97 (d, J = 6.9 Hz, 3 H), 1.23 (d, J = 6.3 Hz, 3 H), 1.31–1.42 (m, 11 H), 1.50 

(m, 2 H), 1.55–1.61 (m, 4 H), 1.72 (m, 1 H), 1.92–2.00 (m, 4 H), 2.90 (dd, J = 15.3, 11.0 

Hz, 1 H), 2.96 (s, 3 H), 3.34 (dd, J = 15.2, 5.5 Hz, 1 H), 3.59 (t, J = 6.5 Hz, 2 H), 3.79 (dd, 

J = 17.9, 4.9 Hz, 1 H), 4.13 (dd, J = 18.1, 6.3 Hz, 1 H), 4.43 (dq, J = 7.0, 7.0 Hz, 1 H), 4.56 

(ddd, J = 5.1, 1.5, 1.5 Hz, 2 H), 4.91 (m, 1 H), 5.11 (tq, J = 7.0, 1.0 Hz, 1 H), 5.22 (d, J = 

6.9 Hz, 1 H), 5.28 (ddt, J = 10.6, 1.3, 1.3 Hz, 1 H), 5.42 (ddt, J = 17.2, 1.6, 1.6 Hz, 1 H), 

5.55 (dd, J = 10.8, 5.7 Hz, 1 H), 6.03 (ddt, J = 17.2, 10.4, 5.1 Hz, 1 H), 6.81 (d, J = 8.5 Hz, 

1 H), 6.85 (dd, J = 6.6, 4.6 Hz, 1 H), 7.02 (dd, J = 8.4, 2.2 Hz, 1 H), 7.17 (d, J = 2.1 Hz, 1 

H). 13C-NMR (CDCl3, 100 MHz): δ = −5.3, 16.0, 17.4, 18.4, 19.9, 26.0, 26.0, 27.7, 28.3, 

30.8, 32.3, 32.5, 34.2, 35.4, 41.3, 46.6, 56.7, 63.2, 69.8, 72.3, 79.8, 113.9, 117.8, 122.8, 

125.1, 127.9, 130.4, 130.4, 132.6, 133.9, 152.8, 155.7, 169.0, 169.9, 174.7. HRMS (CI) 

calcd for C40H67ClN3O8Si+ [M+H]+: 780.4380, found: 780.4376. 

 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-3-bromo-N-methyl-tyrosyl)-glycine-

(4E)-9-(tert-butyldimethylsiloxy)-4-methyl-non-4-en-1-yl ester (15cC) 

According to GP 2 tripeptide 11b (556 mg, 1.00 mmol) was converted in THF/MeOH (3:1, 

8 mL) with LiOH (25.4 mg, 1.06 mmol) solved in dest. H2O (2 mL) to the corresponding 

crude acid. The crude acid was reacted according to GP 7 in dry CH2Cl2 (8 mL) with 

alcohol 3’ (338 mg, 1.18 mmol), DMAP (12.2 mg, 0.10 mmol) and DCC (243 mg, 1.18 

mmol) in dry CH2Cl2 (4 mL). Purification by column chromatography (silica gel, petroleum 

ether/EtOAc 9:1, 6:4) gave rise to depsipeptide 15cC (670 mg, 8.26 mmol, 83 %) as pale 

yellow oil.  = +28.8 (c = 1.0, CHCl3). 1H-NMR (CDCl3, 400 MHz): δ = 0.04 (s, 6 H), 

0.89 (s, 9 H), 0.97 (d, J = 6.9 Hz, 3 H), 1.31-1.42 (m, 11 H), 1.51 (m, 2 H), 1.58 (s, 3 H), 

1.72 (m, 2 H), 1.90–2.05 (m, 4 H), 2.89 (dd, J = 15.3, 11.1 Hz, 1 H), 2.96 (s, 3 H), 3.35 (dd, 

J = 15.3, 5.5 Hz, 1 H), 3.59 (t, J = 6.5 Hz, 2 H), 3.81 (dd, J = 17.8, 5.1 Hz, 1 H), 4.10 (t, J = 

6.8 Hz, 2 H), 4.14 (dd, J = 17.9, 6.3 Hz, 1 H), 4.42 (qd, J = 6.9, 6.9 Hz, 1 H), 4.55 (ddd, J = 

4.9, 1.5, 1.5 Hz, 2 H), 5.13 (tq, J = 7.0, 1.0 Hz, 1 H), 5.21 (d, J = 7.0 Hz, 1 H), 5.28 (ddt, J 

= 10.7, 1.6, 1.3 Hz, 1 H), 5.44 (ddt, J =17.3, 3.2, 1.6 Hz, 1 H), 5.55 (dd, J = 10.8, 5.5 Hz, 1 

H), 6.02 (ddt, J = 17.2, 10.3, 5.1 Hz, 1 H), 6.78 (d, J = 8.5 Hz 1 H), 6.90 (dd, J = 5.7, 5.2 

Hz, 1 H), 7.07 (dd, J = 8.4, 2.1 Hz, 1 H), 7.33 (d, J = 2.1 Hz, 1 H). 13C-NMR (CDCl3, 100 

MHz) δ = −5.3, 15.8, 17.4, 18.4, 18.4, 26.0, 26.8, 27.6, 28.3, 30.8, 32.1, 32.5, 35.6, 41.2, 

46.5, 56.7, 63.1, 65.1, 69.7, 80.0, 112.0, 113.6, 117.7, 125.4, 128.6, 130.8, 132.5, 133.4, 

133.6, 153.6, 155.8, 169.5, 170.0, 174.7. HRMS (CI) calcd for C34H56BrN3O6Si [M-
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Boc+2H]+: 710.3195, found: 710.3234. Elemental analysis calcd for C39H64BrN3O8Si 

(810.94): C 57.76, H 7.96, N 5.18, found: C 58.07, H 8.22, N 5.29. 

 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-N-methyl-tyrosyl)-glycine-(2S,5E)-10-

hydroxyl-5-methyl-dec-5-ene-2-yl ester (16aA) 

According to GP 8 depsipeptide 15aA (1.75 g, 2.34 mmol) was deprotected in dry THF 

(2.8 mL) with a 1 M TBAF-solution in THF (2.80 mL, 2.80 mmol). Purification by column 

chromatography (silica gel, petroleum ether/EtOAc 1:1, 4:6) gave rise to alcohol 16aA 

(1.35g, 2.14 mmol, 92 %) as colorless viscous oil.  = +43.2 (c = 1.0, CHCl3). 1H-NMR 

(CDCl3, 400 MHz): δ = 0.85 (d, J = 6.9 Hz, 3 H), 1.23 (d, J = 6.3 Hz, 3 H), 1.36–1.41 (m, 

11 H), 1.53 (m, 2 H), 1.57 (s, 3 H), 1.61 (m, 1 H), 1.70 (m, 1 H), 1.97–2.03 (m, 4 H), 2.89–

2.95 (m, 4 H), 3.35 (dd, J = 15.1, 5.3 Hz, 1 H), 3.61 (t, J = 6.6 Hz, 2 H), 3.75 (dd, J = 17.9, 

4.9 Hz, 1 H), 4.16 (dd, J= 17.9, 6.6 Hz, 1 H), 4.42 (dq, J = 7.0, 6.9 Hz, 1 H), 4.48 (ddd, J= 

5.2, 1.4, 1.4 Hz, 2 H), 4.87 (m, 1 H), 5.10 (t, J = 6.6 Hz, 1 H), 5.25 (ddt, J = 10.5, 1.4, 1.4 

Hz, 1 H), 5.28 (bs, 1 H), 5.37 (ddt, J= 17.3, 1.6, 1.6 Hz, 1 H), 5.57 (dd, J = 11.0, 5.6 Hz, 1 

H), 6.01 (ddt, J = 17.2, 10.5, 5.3 Hz, 1 H), 6.80 (d, J = 8.6 Hz, 2 H), 7.05 (bs, 1 H), 7.08 (d, 

J = 8.6 Hz, 2 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.7, 17.5, 20.1, 25.7, 27.4, 28.3, 30.8, 

32.2, 32.7, 33.6, 35.5, 41.3, 46.6, 57.0, 62.8, 68.8, 71.9, 79.9, 114.7, 117.6, 125.3, 129.0, 

129.7, 133.3, 133.8, 155.7, 157.3, 169.3, 170.2, 174.6. HRMS (CI) calcd for C34H54N3O8
+ 

[M+H]+: 632.3905, found: 632.3956. Elemental analysis calcd for C34H53N3O8 (631.80): C 

64.63, H 8.46, N 6.65, found: C 64.18, H 8.43, N 6.37. 

 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-3-chloro-N-methyl-tyrosyl)-glycine-

(2S,5E)-10-hydroxy-5-methyl-dec-5-ene-2-yl ester (16bA) 

According to GP 8 depsipeptide 15bA (2.16 g, 2.77 mmol) was deprotected in dry THF 

(3.4 mL) with a 1 M TBAF-solution in THF (3.3 mL, 3.30 mmol). Purification by column 

chromatography (silica gel, CH2Cl2/Et2O 7:3, 6:4) gave rise to alcohol 16bA (1.65 g, 2.48 

mmol, 90 %) as colorless viscous oil.  = +37.8 (c = 1.0, CHCl3). 1H-NMR (CDCl3, 400 

MHz): δ = 0.93 (d, J = 6.9 Hz, 3 H), 1.23 (d, J = 6.2 Hz, 3 H), 1.36–1.40 (m, 11 H), 1.49–

1.57 (m, 5 H), 1.60 (m, 1 H), 1.70 (m, 1 H), 1.97–2.03 (m, 4 H,), 2.89 (dd, J = 15.2, 11.1 

Hz, 1 H), 2.96 (s, 3H), 3.35 (dd, J = 15.2, 5.5 Hz, 1 H), 3.61 (t, J = 6.6 Hz, 2 H), 3.74 (dd, 

J= 17.9, 4.9 Hz, 1 H), 4.16 (dd, J = 17.9, 6.7 Hz, 1 H), 4.44 (m, 1 H), 4.56 (ddd, J = 5.1, 

1.5, 1.5 Hz, 2 H), 4.87 (m, 1 H), 5.10 (t, J = 6.9 Hz, 1 H), 5.25-5.29 (m, 2 H), 5.42 (ddt, J= 

17.2, 1.6, 1.6 Hz, 1 H), 5.55 (dd, J = 10.8, 5.5 Hz, 1 H), 6.02 (ddt, J = 17.3, 10.4, 5.1 Hz, 1 

H), 6.81 (d, J = 8.5 Hz, 1 H), 7.02 (dd, J = 8.4, 2.1 Hz, 1 H), 7.07 (bs, 1 H), 7.17 (d, J = 2.1 

Hz, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.7, 17.5, 20.1, 25.7, 27.4, 28.3, 30.8, 32.2, 

32.4, 33.6, 35.5, 41.3, 46.4, 56.7, 62.8, 69.8, 71.9, 80.0, 113.9, 117.8, 122.8, 125.3, 127.9, 

130.4, 130.5, 132.6, 133.9, 152.7, 155.7, 169.2, 169.9, 174.7. HRMS (CI) calcd for 

C34H52ClN3O8
+ [M+H]+: 666.3516, found: 666.3510. 

 

(S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-3-bromo-N-methyl-tyrosyl)-glycine-

(4E)-9-hydroxy-4-methyl-non-4-ene-1-yl ester (16cC) 
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According to GP 8 depsipeptide 15cC (6.21 g, 7.66 mmol) was deprotected in dry THF (50 

mL) with TBAF∙3H2O (3.19 g, 10.1 mmol). Purification by column chromatography (silica 

gel, petroleum ether/EtOAc 65:35, 1:1) gave rise to alcohol 16cC (4.44 g, 6.37 mmol, 83 

%) as pale yellow oil. 1H-NMR (CDCl3, 400 MHz): δ = 0.95 (d, J = 6.8 Hz, 3 H), 1.34-1.46 

(m, 11 H), 1.54 (m, 2 H), 1.59 (s, 3 H), 1.66 (m, 2 H), 1.98-2.09 (m, 4 H), 2.89 (dd, J = 

15.1, 11.2 Hz, 1 H), 2.96 (s, 3 H), 3.35 (dd, J = 15.2, 5.2 Hz, 1 H), 3.58-3.66 (m, 2 H), 3.81 

(dd, J = 17.9, 5.1 Hz, 1 H), 4.05-4.19 (m, 3 H), 4.42 (dq, J =6.9, 6.9 Hz, 1 H), 4.55 (ddd, J 

= 4.9, 1.5, 1.5 Hz, 2 H), 5.14 (m, 1 H), 5.22 (d, J = 7.0 Hz, 1 H), 5.28 (ddt, J = 10.5, 1.3, 

1.3 Hz, 1 H), 5.43 (ddt, J =17.2, 1.6, 1.6 Hz, 1 H), 5.55 (dd, J = 10.7, 5.4 Hz, 1 H), 6.02 

(ddt, J = 17.3, 10.6, 5.1 Hz, 1 H), 6.78 (d, J = 8.5 Hz, 1 H), 7.01–7.10 (m, 2 H), 7.33 (d, J = 

2.0 Hz, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.6, 17.4, 25.8, 26.2, 27.5, 28.3, 30.7, 

32.2, 32.4, 35.7, 41.1, 46.6, 56.7, 62.8, 64.8, 69.7, 80.0, 112.0, 113.6, 117.7, 124.8, 128.7, 

130.8, 132.6, 133.4, 133.6, 169.6, 170.0, 174.7. The 13C signals of the carbonyl group of 

the carbamate and the phenolic C-atom are not visible in the backround noise of the 

spectrum. 

 

(9S,5E)-9-((S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-N-methyl-tyrosyl)-glycinyl-

oxy)-6-methyldec-5-enoic acid (17aA) 

According to GP 9 a 3 M Jones-solution (1.95 mL, 5.85 mmol) was added to a solution of 

alcohol 16aA (1.23 g, 1.95 mmol) in acetone (14 mL). After complete oxidation (TLC-

control, 20 min), the reaction was quenched with isopropanol. Purification by column 

chromategraphy (silica gel, petroleum ether/EtOAc 7:3, 6:4, 1:1, + 1 % AcOH) gave rise to 

the desired depsipeptide acid 17aA (810 mg, 1.25 mmol, 64 %) as colorless, viscous oil. 

 = +23.3 (c = 1.0, CHCl3). 1H-NMR (CDCl3, 400 MHz): δ = 0.79 (d, J = 6.9 Hz, 3 H), 

1.23 (d, J = 6.2 Hz, 3 H), 1.39 (s, 9 H), 1.57 (s, 3 H), 1.59–1.76 (m, 4 H), 1.99–2.06 (m, 4 

H), 2.24 (t, J = 7.7 Hz, 2 H), 2.90 (dd, J = 15.5, 12.0 Hz, 1 H), 2.94 (s, 3 H), 3.42 (dd, J = 

15.2, 5.2 Hz, 1 H), 3.67 (dd, J = 17.8, 4.7 Hz, 1 H), 4.25 (dd, J = 17.8, 7.1 Hz, 1 H), 4.47 

(ddd, J = 5.3, 1.5, 1.5 Hz, 2 H), 4.52 (m, 1 H), 4.82 (m, 1 H), 5.05 (t, J = 6.8 Hz, 1 H), 5.25 

(ddt, J = 10.5, 1.3, 1.3 Hz, 1 H), 5.36 (ddt, J = 17.3, 1.6, 1.6 Hz, 1 H), 5.49 (d, J = 7.9 Hz, 1 

H), 5.64 (dd, J = 11.4, 5.4 Hz, 1 H), 6.00 (ddt, J = 17.3, 10.5, 5.3 Hz, 1 H), 6.79 (d, J = 8.7 

Hz, 2 H), 7.08 (d, J = 8.6 Hz, 2 H), 7.12 (bs, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.5, 

17.7, 20.3, 24.9, 27.0, 28.3, 30.8, 32.9, 33.2, 33.4, 35.6, 41.3, 46.7, 57.1, 68.8, 71.7, 80.2, 

114.7, 117.6, 124.5, 129.0, 129.7, 133.3, 134.7, 156.0, 157.3, 169.4, 170.4, 174.7, 177.3. 

HRMS (CI) calcd for: C34H52N3O9
+ [M+H]+: 646.3698, found: 646.3738. Elemental analysis 

calcd for C34H51N3O9 (645.78): C 63.24, H 7.96, N 6.51, found: C 62.98, H 7.93, N 6.35. 

 

(9S,5E)-9-((S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-3-chloro-N-methyl-tyrosyl)-

glycinyl-oxy)-6-methyldec-5-enoic acid (17bA) 

According to GP 9 a 3 M Jones-solution (2.45 mL, 7.35 mmol) was added to a solution of 

alcohol 16bA (1.62 g, 2.43 mmol) in acetone (17 mL). After complete oxidation (TLC-

control, 20 min), the reaction was quenched with isopropanol. Purification by column 

chromategraphy (silica gel, CH2Cl2/Et2O 9:1, 8:2, 7:3, 6:4) gave rise to the desired 

depsipeptide acid 17bA (873 mg, 1.28 mmol, 53 %) as colorless oil.  = +39.1 (c = 1.0, 
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CHCl3). 1H-NMR (CDCl3, 400 MHz): δ = 0.87 (d, J = 6.9 Hz, 3 H), 1.23 (d, J = 6.3 Hz, 3 H), 

1.39 (s, 9 H), 1.56 (s, 3 H), 1.59–1.75 (m, 4 H), 1.95–2.06 (m, 4 H), 2.24 (t, J = 6.8 Hz, 2 

H), 2.87 (dd, J = 15.2, 11.4 Hz, 1 H), 2.95 (s, 3 H), 3.41 (dd, J = 15.3, 5.3 Hz, 1 H), 3.67 

(dd J = 18.0, 4.5 Hz, 1 H), 4.23 (dd, J = 17.8, 7.1 Hz, 1 H), 4.28–4.56 (m, 3 H), 4.82 (m, 1 

H), 5.05 (t, J = 6.7 Hz, 1 H), 5.27 (ddt, J = 10.5, 1.4, 1.4 Hz, 1 H), 5.41 (ddt, J = 17.3, 1.5, 

1.5 Hz, 1 H), 5.50 (d, J = 7.8 Hz, 1 H), 5.61 (dd, J = 11.2, 5.3 Hz, 1 H), 6.01 (ddt, J = 17.2, 

10.4, 5.1 Hz, 1 H), 6.80 (d, J = 8.5 Hz, 1 H), 7.02 (dd, J = 8.4, 2.1 Hz, 1 H), 7.13-7.16 (m, 2 

H). 13C-NMR (CDCl3, 100 MHz): δ = 15.6, 17.4, 20.0, 24.7, 27.0, 28.2, 30.8, 32.3, 33.3, 

33.6, 35.5, 41.2, 46.5, 56.7, 69.6, 71.8, 80.0, 111.9, 113.5, 117.6, 124.1, 128.6, 130.6, 

132.4, 133.3, 134.8, 153.5, 155.9, 169.1, 170.0, 174.9, 177.7. HRMS (CI) calcd for: 

C34H51ClN3O9
+ [M+H]+: 680.3308, found: 680.3298. Elemental analysis calcd for 

C34H50ClN3O9 (680.23): C 60.03, H 7.41, N 6.18, found: C 60.51, H 7.33, N 6.18. 

 

(9S,5E)-9-((S)-(N-tert-Butoxycarbonyl-alanyl)-(R)-(O-allyl-3-bromo-N-methyl-tyrosyl)-

glycinyl-oxy)-6-methylnon-5-enoic acid (17cC) 

According to GP 9 a 3 M Jones-solution (6.15 mL, 18.5 mmol) was added to a solution of 

alcohol 16cC (4.29 g, 6.15 mmol) in acetone (45 mL). After complete oxidation (TLC-

control, 10 min), the reaction was quenched with isopropanol. Purification by column 

chromategraphy (silica gel, CH2Cl2/Et2O 8:2, 7:3, 6:4) gave rise to the desired 

depsipeptide acid 17cC (1.59 g, 2.24 mmol, 37 %) as colorless, viscous oil. 1H-NMR 

(CDCl3, 400 MHz): δ = 0.89 (d, J = 6.9 Hz, 3 H), 1.40 (s, 9 H), 1.58 (s, 3 H), 1.60–1.86 (m, 

4 H), 1.99–2.16 (m, 4 H), 2.23 (m, 2 H), 2.23 (dq, J = 6.9, 6.9 Hz, 1 H), 2.89 (dd, J = 15.2, 

11.4 Hz, 1 H), 2.96 (s, 3 H), 3.43 (dd, J = 15.2, 5.2 Hz, 1 H), 3.76 (dd, J = 17.8, 5.0 Hz, 1 

H), 4.07 (m, 2 H), 4.22 (dd, J = 17.8, 6.9 Hz, 1 H), 4.56 (ddd, J = 5.0, 1.5, 1.5 Hz, 2 H), 

5.09 (t, J = 6.8 Hz, 1 H), 5.28 (ddt, J = 10.6, 1.3, 1.3 Hz, 1 H), 5.44 (ddt, J =17.2, 1.4, 1.4 

Hz, 1 H), 5.62 (dd, J = 11.4, 5.4 Hz, 1 H), 6.02 (ddt, J = 17.3, 10.6, 5.1 Hz, 1 H), 6.78 (d, J 

= 8.5 Hz, 1 H), 7.08 (dd, J = 8.4, 2.1 Hz),7.13 (dd, J = 7.0, 4.7 Hz, 1 H), 7.33 (d, J = 1.9 

Hz, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.6, 17.6, 24.8, 25.9, 27.1, 28.3, 30.8, 32.3, 

33.4, 35.7, 41.2, 56.8, 64.6, 69.7, 80.2, 112.0, 113.6, 117.7, 124.6, 128.7, 130.8, 132.5, 

133.4, 134.5, 153.6, 156.0, 169.6, 170.2, 174.9, 177.5. Elemental analysis calcd for 

C33H48BrN3O7 (710.66): C 55.77, H 6.81, N 5.91, found: C 58.20, H 6.64, N 5.81. 

 

(6R,9S,19S,15E)-6-(4-Allyloxy-benzyl)-7,9,16,19-tetramethyl-1-oxa-4,7,10-triazacyclo-

nonadec-15-en-2,5,8,11-tetraone (18aA) 

According to GP 10 EDC·HCl (245 mg, 0.64 mmol) was added to a solution of cyclization 

precursor 17aA (752 mg, 1.16 mmol) and pentafluorophenol (236 mg, 1.28 mmol) in dry 

CH2Cl2 (12 mL). The obtained crude active ester was diluted with CH2Cl2/TFA (4:1, 11.6 

mL). After complete deprotection (TLC-control, 1 h 30 min), the reaction mixture was 

diluted with CH2Cl2 (17 mL) and added to a two-phase-mixture of CHCl3 and saturated 

NaHCO3-solution (7:1; 464 mL). Purification by column chromatography (silica gel, 

petroleum ether/EtOAc 4:6, 3:7) gave rise to cyclic depsipeptide 18aA (384 mg, 0.728 

mmol, 63 %) as colorless, shiny foam.  = +12.4 (c = 1.0, CHCl3). 1H-NMR (CDCl3, 400 

MHz): δ = 1.23 (d, J = 6.3 Hz, 3 H), 1.26 (d, J = 6.5 Hz, 3 H), 1.50–1.57 (m, 4 H), 1.62–

1.84 (m, 3 H), 1.91 (m, 1 H), 2.02–2.06 (m, 3 H), 2.18 (m, 2 H), 2.86 (dd, J = 14.4, 7.6 Hz, 
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1 H), 2.90 (s, 3 H), 3.29 (dd, J = 14.4, 8.4 Hz, 1 H), 3.39 (dd, J = 17.9, 3.3 Hz, 1 H), 4.41 

(dd, J = 17.9, 9.6 Hz, 1 H), 4.49 (ddd, J = 5.2, 1.3, 1.3 Hz, 2 H), 4.81 (m, 1 H), 4.94 (m, 1 

H), 5.04 (t, J = 7.0 Hz, 1 H), 5.26 (ddt, J = 10.5, 1.3, 1.3 Hz, 1 H), 5.35–5.41 (m, 2 H), 6.03 

(ddt, J = 17.0, 10.6, 5.3 Hz, 1 H), 6.75 (dd, J = 9.6, 3.1 Hz, 1 H), 6.82 (d, J = 8.6 Hz, 2 H), 

6.92 (d, J = 7.7 Hz, 1 H), 7.11 (d, J = 8.6 Hz, 2 H). 13C-NMR (CDCl3, 100 MHz): δ = 16.2, 

17.4, 19.5, 25.7, 26.2, 30.1, 31.7, 33.0, 34.7, 35.0, 40.8, 45.9, 56.6, 68.8, 71.2, 114.8, 

117.6, 125.4, 128.8, 129.9, 133.3, 134.4, 157.4, 170.1, 170.2, 173.1, 173.5. LC-MS: Luna, 

0.6 mL/min, 254 nm, MeCN/H2O 7:3, tR = 2.01 min. HRMS (CI) calcd for: C29H42N3O6
+ 

[M+H]+: 528.3068, found: 528.3056. Elemental analysis calcd for C29H41N3O6 (527.65): C 

66.01, H 7.83, N 7.96, found: C 65.70, H 7.72, N 7.84. 

 

(6R,9S,19S,15E)-6-(4-Allyloxy-3-chloro-benzyl)-7,9,16,19-tetramethyl-1-oxa-4,7,10-

triazacyclono-nadec-15-en-2,5,8,11-tetraone (18bA) 

According to GP 10 EDC·HCl (268 mg, 1.40 mmol) and DMAP (15 mg, 0.123 mmol) were 

added to a solution of cyclization precursor 17bA (796 mg, 1.17 mmol) and 

pentafluorophenol (258 mg, 1.40 mmol) in dry CH2Cl2 (3.5 mL). The obtained crude active 

ester was diluted with CH2Cl2/TFA (4:1, 11.7 mL). After complete deprotection (TLC-

control, 2 h), the reaction mixture was diluted with CH2Cl2 (23 mL) and added to a two-

phase-mixture of CHCl3 and saturated NaHCO3-solution (7:1, 468 mL). Purification by 

column chromategraphy (silica gel, CH2Cl2/Et2O 7:3) gave rise to cyclic depsipeptide 18bA 

(388 mg, 0.690 mmol, 59 %) as colorless, shiny foam.  = +9.0 (c = 1.0, CHCl3). 1H-

NMR (CDCl3, 400 MHz): δ = 1.24 (d, J = 6.3 Hz, 3 H), 1.29 (d, J = 6.5 Hz, 3 H), 1.50–1.57 

(m, 4 H), 1.63–1.83 (m, 3 H), 1.91 (m, 1 H), 2.02–2.09 (m, 3 H), 2.19 (m, 2 H), 2.82 (dd, J 

= 14.4, 7.3 Hz, 1 H), 2.91 (s, 3 H), 3.28 (dd, J = 14.4, 8.5 Hz, 1 H), 3.39 (dd, J = 17.9, 3.3 

Hz, 1 H), 4.41 (dd, J = 17.9, 9.6 Hz, 1 H), 4.57 (ddd, J = 5.0, 1.5, 1.5 Hz, 2 H), 4.82 (dq, J 

= 6.5, 6.5 Hz, 1 H), 4.94 (m, 1 H), 5.04 (t, J = 7.0 Hz, 1 H), 5.29 (ddt, J = 10.6, 1.4, 1.4 Hz, 

1 H), 5.34 (dd, J = 8.4, 7.4 Hz, 1 H), 5.44 (ddt, J = 17.3, 1.5, 1.5 Hz, 1 H), 6.04 (ddt, J = 

17.1, 10.4, 5.1 Hz, 1 H), 6.76 (dd, J = 9.5, 3.1 Hz, 1 H), 6.82 (d, J = 8.4 Hz, 1 H), 6.89 (d, J 

= 7.7 Hz, 1 H), 7.03 (dd, J = 8.4, 2.1 Hz, 1 H), 7.22 (d, J = 2.1 Hz, 1 H). 13C-NMR (CDCl3, 

100 MHz): δ = 16.2, 17.5, 19.5, 25.7, 26.2, 30.2, 31.5, 33.0, 34.7, 35.0, 40.8, 45.9, 56.5, 

69.7, 71.3, 113.8, 117.9, 123.0, 125.4, 128.1, 130.0, 130.7, 132.6, 134.4, 152.9, 169.8, 

170.2, 173.1, 173.6. LC-MS: Luna, 0.6 mL/min, 254 nm, MeCN/H2O 7:3, tR = 1.73 min. 

HRMS (CI) calcd for: C29H41ClN3O6
+ [M+H]+: 562.2678, found: 562.2650. Elemental 

analysis calcd for C29H40ClN3O6 (562.10): C 61.97, H 7.17, N 7.48, found: C 62.08, H 7.19, 

N 7.15. 

 

(6R,9S,E)-6-(4-(Allyloxy)-3-bromobenzyl)-7,9,16-trimethyl-1-oxa-4,7,10-triazacyclo-

nona-dec-15-en-2,5,8,11-tetraon (18cC) 

According to GP 10 EDC·HCl (416 mg, 2.17 mmol) was added to a solution of cyclization 

precursor 17cC (1.40 g, 1.97 mmol) and pentafluorophenol (399 mg, 2.17 mmol) in dry 

CH2Cl2 (20 mL). The obtained crude active ester was diluted with CH2Cl2/TFA (4:1, 20 

mL). After complete deprotection (TLC-control, 3 h), the reaction mixture was diluted with 

CH2Cl2 (20 mL) and added to a two-phase-mixture of CHCl3 and saturated NaHCO3-

solution (7:1, 800 mL) at 45 °C. Purification by column chromatography (silica gel, 
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CH2Cl2/Et2O 9:1, 8:2, 7:3, 6:4) gave rise to cyclic depsipeptide 18cC (484 mg, 0.82 mmol, 

42 %) as colorless, shiny foam. [a]
20

D  = +1.4 (c = 1.0, CHCl3). Melting range: 43–46 °C. 1H-

NMR (CDCl3, 400 MHz): δ = 1.28 (d, J = 6.5 Hz, 3 H), 1.56 (s, 3 H), 1.72–1.84 (m, 4 H), 

1.99–2.09 (m, 4 H), 2.14 (t, J = 8.0 Hz, 2 H), 2.81 (dd, J = 14.2, 7.0 Hz, 1 H), 2.89 (s, 3 H), 

3.28 (dd, J = 14.2, 8.8 Hz, 1 H), 3.48 (dd, J = 18.1, 3.2 Hz, 1 H), 3.99 (ddd, J = 10.8, 6.9, 

5.5 Hz, 1 H), 4.33 (ddd, J = 10.7, 7.5, 7.5 Hz, 1 H), 4.45 (dd, J = 18.1, 9.4 Hz, 1 H), 4.57 

(ddd, J = 5.0, Hz, 1.6, 1.6 Hz, 2 H), 4.84 (dq, J = 8.2, 6.5 Hz, 1 H), 5.01 (t, J = 6.9 Hz, 1 H), 

5.29 (ddt, J = 10.6, 1.4, 1.4 Hz, 1 H), 5.35 (dd, J = 8.7, 7.0 Hz, 1 H), 5.46 (ddt, J =17.2, 

1.6, 1.6 Hz, 1 H), 6.04 (ddt, J = 17.2, 10.2, 5.0 Hz, 1 H), 6.75 (dd, J = 9.3, 3.0 Hz, 1 H), 

6.79 (d, J = 8.4 Hz 1 H), 6.87 (d, J = 8.2 Hz, 1 H), 7.09 (dd, J = 8.4, 2.2 Hz, 1 H), 7.39 (d, J 

= 2.1 Hz, 1 H). 13C-NMR (CDCl3, 100 MHz) δ = 15.9, 17.4, 25.1, 25.9, 26.7, 30.1, 31.5, 

34.4, 35.2, 40.6, 45.5, 56.5, 63.8, 69.7, 112.2, 113.5, 117.7, 126.0, 128.9, 130.4, 132.5, 

133.7, 133.9, 153.8, 169.5, 171.0, 172.8, 173.3. HRMS (CI) calcd for: C28H38BrN3O6
+ 

[M+H]+: 592.2017, found: 592.2010. Elemental analysis calcd for C28H38BrN3O6 (562.10): 

C 56.76, H 6.46, N 7.09, found: C 56.30, H 6.33, N 6.69. 

 

(6R,9S,19S,E)-6-(4-Allyloxy-benzyl)-3-(hydroxy(phenyl)methyl)-7,9,16,19-tetramethyl-

1-oxa-4,7,10-triazacyclononadec-15-en-2,5,8,11-tetraon (19aA) 

According to GP 11 macrocycle 18aA (358 mg, 0.679 mmol) n dry THF (6.8 mL) was 

reacted with DIPA (0.49 mL, 3.47 mmol) in dry THF (5.2 mL), 1.6 M nBuLi-solution in 

hexane (2.13 mL, 3.40 mmol) and benzaldehyde (0.14 mL, 1.36 mmol) in dry THF (2.7 

mL). After 90 min the reaction was hydrolyzed at −60 °C. Purification by column 

chromatography (silica gel, petroleum ether/EtOAc 1:1, 4:6, 3:7) gave rise to a 

diastereomeric mixture of 19aA (271 mg, 0.428 mmol, 63 %) as colorless foam, which was 

contaminated with traces of vinyl ether. Additional a mixed fraction (62.1 mg, 7:3) of 18aA 

(0.080 µmol, 12 %) and product 19aA (0.031 µmol, 5 %) was isolated. Diastereomeric 

mixture: 1H-NMR (CDCl3, 400 MHz): δ = 0.92 (d, J = 7.0 Hz, 1.00 H), 0.95 (d, J = 6.9 Hz, 

0.65 H), 1.09 (d, J = 6.2 Hz, 0.75 H), 1.18 (d, J = 6.5 Hz, 0.75 H), 1.23–1.28 (m, 2.25 H), 

1.30 (d, J = 6.1 Hz, 0.60 H), 1.50 (s, 1.00 H), 1.52 (s, 0.60 H), 1.53 (s, 0.75 H), 1.57 (s, 

0.65 H), 1.59–2.37 (m, 10.0 H), 2.40 (s, 1.80 H), 2.63–2.90 (m, 2.20 H), 3.12 (dd, J = 14.6, 

7.8 Hz, 0.20 H), 3.24 (dd, J = 14.5, 8.0 Hz, 0.25 H), 3.35 (dd, J = 13.7 Hz, 0.22 H), 3.38 

(dd, J = 15.1, 5.3 Hz, 0.33 H), 4.38 (m, 0.35 H), 4.48 (m, 2.00 H), 4.67 (dd, J = 9.6, 2.2 Hz, 

0.22 H), 4.74–5.09 (m, 3.43 H), 5.11 (d, J = 3.3 Hz, 0.33 H), 5.23–5.42 (m, 2.92 H), 5.55–

5.61 (m, 0.75 H), 6.02 (m, 1.00 H), 6.16 (bs, 0.34 H), 6.30 (bs, 0.24 H), 6.53 (d, J = 7.8 Hz, 

0.22 H), 6.73–6.83 (m, 2.40 H), 6.96–7.13 (m, 2.80 H), 7.19–7.40 (m, 5.00 H). 13C-NMR 

(CDCl3, 100 MHz): δ = 15.2, 15.4, 15.7, 16.2, 16.3, 17.6, 17.7, 19.2, 19.8, 20.1, 20.2, 23.2, 

23.7, 25.3, 25.7, 26.2, 26.5, 27.4, 27.5, 30.1, 30.2, 31.4, 31.7, 32.2, 32.7, 32.8, 32.9, 34.7, 

34.7, 34.9, 34.9, 35.0, 35.3, 35.7, 45.5, 45.6, 45.7, 45.9, 56.5, 56.5, 57.8, 58.0, 58.4, 58.9, 

68.8, 68.8, 71.7, 71.7, 71.8, 72.0, 72.8, 73.1, 73.7, 74.3, 114.6, 114.6, 114.7, 114.8, 117.6, 

117.6, 124.8, 125.3, 125.3, 125.6, 125.6, 125.8, 126.0, 127.1, 128.0, 128.1, 128.2, 128.2, 

128.4, 128.7, 128.8, 128.9, 129.0, 129.4, 129.5, 129.5, 129.8, 133.2, 133.3, 133.3, 133.9, 

134.0, 134.3, 134.5, 139.7, 140.8, 140.9, 141.3, 157.2, 157.2, 157.4, 169.4, 169.4, 169.9, 

170.0, 170.1, 170.1, 170.3, 170.4, 172.9, 173.2, 173.5, 173.6, 173.7, 174.1, 174.1, 175.3. 

HRMS (CI) calcd for: C36H48N3O7
+ [M+H]+: 634.3487, found: 634.3491. 
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(6R,9S,19S,E)-6-(4-(Allyloxy)-3-chlorobenzyl)-3-(hydroxy(phenyl)methyl)-7,9,16,19-

tetramethyl-1-oxa-4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (19bA) 

According to GP 11 macrocycle 18bA (107 mg, 191 µmol) n dry THF (1.4 mL) was reacted 

with DIPA (0.14 mL, 974 µmol) in dry THF (2.9 mL), 1.6 M nBuLi-solution in hexane (0.6 

mL, 0.955 mmol) and benzaldehyde (38.6 µL, 382 µmol) in dry THF (0.8 mL). After 3 h the 

reaction was hydrolyzed at −78 °C. Purification by reversed column chromatography (C18 

4g, MeCN 0-100%) gave rise to a diastereomeric mixture of 19bA (81.2 mg, 122 µmol, 64 

%) as colorless foam. Diastereomeric mixture: 1H-NMR (400 MHz, CDCl3):  ɻ= 0.91-1.04 

(m, 3 H), 1.11–1.33 (m, 3 H), 1.50–1.60 (m, 3 H), 1.64–2.23 (m, 9 H), 2.33–2.46 (m, 4 H), 

2.61–2.72 (m, 1 H), 3.31–3.44 (m, 1 H), 4.34–4.49 (m, 1 H), 4.53–4.62 (m, 2 H), 4.78–4.88 

(m, 1 H), 4.92–5.02 (m, 1 H), 5.03–5.15 (m, 1 H), 5.25–5.30 (m, 1 H), 5.37–5.48 (m, 1 H), 

5.54–5.62 (m, 2 H), 5.97–6.17 (m, 2 H), 6.74–6.81 (m, 1 H), 6.81–6.68 (m, 1 H), 6.93–6.99 

(m, 1 H), 7.16–7.25 (m, 2 H), 7.28–7.36 (m, 2 H), 7.38–7.44 (m, 2 H). 13C-NMR (100 MHz, 

CDCl3):  ɻ= 15.4, 16.2, 20.1, 20.3, 23.6, 27.6, 27.5, 30.1, 31.9, 32.9, 33.0, 34.7, 34.9, 35.8, 

45.7, 46.0, 56.2, 57.7, 69.8, 71.6, 74.2, 113.8, 117.9, 122.8, 124.7, 125.4, 125.6, 126.1, 

127.3, 127.7, 128.0, 128.2, 130.1, 132.6, 133.9, 134.4, 139.7, 152.7, 169.7, 170.4, 174.1, 

174.3. LC-MS: Luna, 0.6 mL/min, 241 nm, MeCN/H2O 7:3, tR = 4.08, 4.54 min. HRMS (CI) 

calcd for: C36H47ClN3O7
+ [M+H+]: 668.3079, found: 668.3113. 

 

(6R,9S,E)-6-(4-(Allyloxy)-3-bromobenzyl)-3-(hydroxy(phenyl)methyl)-7,9,16-trimethyl-

1-oxa-4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (19cC) 

According to GP 11 macrocycle 18cC (112 mg, 190 µmol) in dry THF (1.4 mL) was 

reacted with DIPA (0.098 mL, 967 µmol) in dry THF (2.8 mL), 1.6 M nBuLi-solution in 

hexane (0.6 mL, 949 µmol) and benzaldehyde (40.2 µL, 379 µmol) in dry THF (0.8 mL). 

After 3.5 h the reaction was hydrolyzed at −78 °C. Purification by column chromatography 

(silica gel, PE/EA 1:1, 4:6, 3:7) gave rise to a diastereomeric mixture of 19cC (94.0 mg, 

135 µmol, 71%) which could be partially separated. Six fractions were obtained as 

colorless foam: diastereomer 1 (5.6 mg, 8.0 µmol, 4%), diastereomer 2 (20.8 mg, 30.0 

µmol, 16%), diastereomer 3 (14.2 mg, 20.0 µmol, 11%), diastereomer 4 (32.2 mg, 46.0 

µmol, 24%), a mixed fraction of diastereomer 1 and 2 (7.9 mg, 11.0 µmol, 6%, 43:57) and 

a mixed fraction of diastereomer 3 and 4 (13.3 mg, 19.0 µmol, 10%, 1:1). Diastereomer 1 

(selected signals): 1H-NMR (500 MHz, CDCl3):  ɻ= 1.03 (d, J = 7.0 Hz, 3 H), 1.55 (s, 3 H), 

1.63–1.92 (m, 4 H), 1.92–2.23 (m, 5 H), 2.43 (m, 1 H), 2.63 (s, 3 H), 2.88 (m, 1 H), 3.37 

(m, 1 H), 3.84 (m, 1 H), 4.37 (m, 1 H), 4.44–4.58 (m, 3 H), 5.13 (m, 1 H), 5.16–5.30 (m, 3 

H), 5.43 (dd, J = 17.4, 1.6 Hz, 1 H), 5.65 (dd, J = 11.7, 5.1 Hz, 1 H), 6.01 (ddt, J = 15.8, 

10.4 , 5.0 Hz, 1 H), 6.75 (d, J = 8.5 Hz, 1 H), 7.01 (dd, J = 6.3, 1.9 Hz, 1 H), 7.31–7.37 (m, 

4 H), 7.38 (m, 2 H), 7.44 (d, J = 8.2, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ = 15.0, 15.4, 

23.8, 24.5, 27.7, 30.1, 31.8, 34.9, 35.9, 46.1, 56.3, 58.6, 63.7, 69.7, 73.8, 113.6, 117.7, 

125.6, 125.7, 127.1, 128.1, 128.4, 130.1, 132.6, 133.1, 133.4, 140.7, 153.5, 169.8, 170.0, 

173.7, 176.3. 

Diastereomer 2: 1H-NMR (500 MHz, CDCl3):  ɻ= 1.07 (d, J = 7.0 Hz, 3 H), 1.54 (s, 3 H), 

1.63–1.91 (m, 4 H), 1.92–2.23 (m, 5 H), 2.31 (m, 1 H), 2.63 (s, 3 H), 2.79 (m, 1 H), 3.37 

(m, 1 H), 3.96 (m, 1 H), 4.21 (dt, J = 5.1, 5.1 Hz, 1 H), 4.47–4.57 (m, 3 H), 4.91 (dd, J = 
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8.2, 4.8 Hz, 1 H), 5.13 (t, J = 6.0 Hz, 1 H), 5.21 (d, J = 4.4 Hz, 1 H), 5.28 (dd, J = 10.4, 1.6, 

1 H), 5.44 (dd, J = 17.4, 1.6 Hz, 1 H), 5.61 (dd, J = 11.0, 5.7 Hz, 1 H), 6.02 (ddt, J = 17.4, 

10.8, 5.4 Hz, 1 H), 6.31 (bs, 1 H), 6.77 (d, J = 8.5 Hz, 1 H), 7.06 (dd, J = 8.5, 2.2 Hz , 1 H), 

7.20–7.26 (m, 2 H), 7.30 (d, J = 2.2 Hz, 1 H), 7.34 (m, 2 H), 7.46 (d, J = 7.6, 2 H). 13C-

NMR (100 MHz, CDCl3):  ɻ= 15.3, 15.8, 24.1, 24.9, 27.4, 30.3, 31.8, 34.9, 35.5, 45.8, 56.3, 

59.2, 63.9, 69.7, 74.5, 112.0, 113.6, 117.7, 126.0, 126.6, 127.6, 128.1, 128.5, 130.7, 

132.5, 133.2, 133.4, 140.1, 153.6, 169.5, 169.8, 174.5, 175.0. Diastereomer 3 (selected 

signals): 1H-NMR (500 MHz, CDCl3):  ɻ= 1.52 (s, 3 H), 1.56–1.81 (m, 4 H), 1.90–2.18 (m, 5 

H), 2.84 (s, 3 H), 2.88 (m, 1 H), 3.23 (m, 1 H), 3.90 (m, 1 H), 4.47–4.60 (m, 3 H), 4.96 (t, J 

= 6.7 Hz, 1 H), 5.21 (d, J = 3.8 Hz, 1 H), 5.25–5.62 (m, 3 H), 6.04 (m, 1 H), 6.54 (bs, 1 H), 

6.83 (d, J = 8.5 Hz, 1 H), 7.04–7.13 (m, 2 H), 7.20-7.26 (m, 2 H), 7.21–7.38 (m, 4 H), 7.47 

(d, J = 8.2 Hz, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ= 15.8, 15.9, 24.9, 25.2, 26.7, 30.1, 

31.7, 34.5, 35.1, 45.3, 56.5, 58.5, 64.3, 68.8, 74.2, 113.5, 114.8, 117.7, 125.9, 126.6, 

128.1, 128.3, 129.8, 130.1, 132.5, 133.2, 133.4, 139.0, 153.6, 170.4, 172.5, 173.5, 174.5. 

Diastereomer 4: 1H-NMR (500 MHz, CDCl3):  ɻ= 1.19 (d, J = 6.6 Hz, 3 H), 1.52 (s, 3 H), 

1.70–1.95 (m, 4 H), 1.99–2.19 (m, 6 H), 2.71 (dd, J = 14.2, 7.2 Hz, 1 H), 2.82 (s, 3 H), 3.21 

(m, 1 H), 3.91 (m, 1 H), 4.33 (m, 1 H), 4.47–4.57 (m, 3 H), 4.91 (dd, J = 8.2, 4.8 H, 1 H), 

5.04 (t, J = 6.9 Hz, 1 H), 5.16 (d, J = 4.1 Hz, 1 H), 5.30 (m, 1 H), 5.48 (dd, J = 17.3, 1.6 Hz, 

1 H), 5.39 (dd, J = 11.0, 5.7 Hz, 1 H), 6.05 (m, 1 H), 6.51 (bs, 1 H), 6.80 (d, J = 8.6 Hz, 1 

H), 6.87 (m, 1 H), 7.03–7.12 (m, 2 H), 7.25 (m, 1 H), 7.29–7.34 (m, 4 H). 13C-NMR (100 

MHz, CDCl3):  ɻ = 15.8, 17.5, 24.2, 25.2, 26.6, 30.0, 31.4, 34.5, 35.1, 45.3, 56.2, 58.4, 

64.2, 69.7, 74.1, 112.2, 113.5, 117.7, 125.7, 125.9, 128.2, 128.3, 128.8, 130.2, 132.5, 

133.6, 134.0, 139.0, 153.8, 169.1, 170.0, 172.5, 173.5. Rf (PE/EtOAc 3:7) = 0.52, 0.45, 

0.34, 0.33. HRMS (CI) calcd for: C35H45BrN3O7
+ [M+H+]: 698.2435, found: 698.2426. 

 

(6R,9S,19S,E)-6-(4-Allyloxy-benzyl)-3-benzoyl-7,9,16,19-tetramethyl-1-oxa-4,7,10-

triazacyclo-nonadec-15-en-2,5,8,11-tetraon (20aA) 

According to GP 12 aldol product 19aA (271 mg, 428 µmol) was reacted in dry CH2Cl2 (8.6 

mL) and DMP (218 mg, 514 µmol). After complete oxidation (TLC-control, 1 h 20 min), the 

reaction mixture was diluted with Et2O, washed and dried. The solvent was evaporated in 

vacuo and the residue was purified by column chromatography (silica gel, CH2Cl2/Et2O 

9:1, 85:15, 8:2, 7:3). The desired ketone 20aA (204 mg, 323 µmol, 76 %) was obtained as 

colorless foam, contaminated with vinyl ether (18 mg, 28.5 µmol, 7 %). The diastereomers 

were formed in a 93:7 ratio.  = +32.5 (c = 1.0, CHCl3). Major diastereomer: 1H-NMR 

(CDCl3, 400 MHz): δ = 1.19 (d, J = 6.3 Hz, 3 H), 1.29 (d, J = 6.5 Hz, 3 H), 1.34–1.53 (m, 6 

H), 1.62–1.71 (m, 3 H), 1.97 (m, 2 H), 2.89 (m, 2 H), 2.89 (dd, J = 14.5, 7.8 Hz, 1 H), 2.96 

(s, 3 H), 3.28 (dd, J = 14.5, 8.2 Hz, 1 H), 4.48 (ddd, J = 5.3, 1.5, 1.5 Hz, 2 H), 4.79 (t, J = 

6.9 Hz, 1 H), 4.85 (m, 1 H), 4.94 (dq, J = 8.7, 6.5 Hz, 1 H), 5.26 (ddt, J = 10.5, 1.4, 1.4 Hz, 

1 H), 5.38 (ddt, J = 17.3, 1.6, 1.6 Hz, 1 H), 5.50 (dd, J = 8.0, 8.0 Hz, 1 H), 6.02 (ddt, J = 

17.2, 10.6, 5.3 Hz, 1 H), 6.11 (d, J = 8.6 Hz, 1 H), 6.56 (d, J = 8.3 Hz, 1 H), 6.80 (d, J = 8.7 

Hz, 2 H), 7.11 (d, J = 8.7 Hz, 2 H), 7.46–7.51 (m, 3 H), 7.64 (m, 1 H), 8.06 (d, J = 8.5 Hz, 2 

H). 13C-NMR (CDCl3, 100 MHz): δ = 15.6, 17.9, 19.9, 25.8, 26.5, 30.3, 31.7, 32.4, 34.5, 

35.3, 45.3, 56.3, 57.6, 68.8, 72.0, 114.8, 117.6, 125.7, 128.7, 129.7, 129.8, 133.3, 133.7, 

134.0, 134.6, 157.4, 166.2, 169.8, 172.9, 174.0, 191.1. Minor diastereomer (selected 
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signals): 1H-NMR (CDCl3, 400 MHz): δ = 1.02 (d, J = 6.8 Hz, 3 H), 1.16 (d, J = 6.3 Hz, 3 

H), 2.93 (s, 3 H), 3.34 (dd, J = 15.5, 6.2 Hz, 1 H), 5.62 (dd, J = 10.5, 6.2 Hz, 1 H), 5.94 (d, 

J = 6.8 Hz, 1 H), 6.38 (d, J = 7.1 Hz, 1 H), 6.88 (d, J = 8.7 Hz, 2 H), 7.07 (d, J = 8.7 Hz, 2 

H), 7.37 (d, J = 6.5 Hz, 1 H), 7.60 (m, 1 H), 8.01 (d, J = 8.4 Hz, 2 H). The 13C-signals of the 

minor diastereomer are not visible in the background noise of the spectrum. LC-MS: Luna, 

0.6 mL/min, 254 nm, MeCN/H2O 7:3, tR (20aA) = 3.35, 4.17 min, tR (vinyl ether) = 5.39 

min; MeCN/H2O 6:4, tR (20aA) = 6.55, 8.56 min, tR (vinyl ether) = 11.87 min. HRMS (CI) 

calcd for: C36H46N3O7
+ [M+H]+: 632.3330, found: 632.3286. Elemental analysis calcd for 

C36H45N3O7 (631.76): C 68.44, H 7.18, N 6.65, found: C 68.50, H 7.30, N 6.87. 

 

(6R,9S,19S,E)-6-(4-(Allyloxy)-3-chlorobenzyl)-3-benzoyl-7,9,16,19-tetramethyl-1-oxa-

4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (20bA) 

According to GP 12 aldol product 19bA (61.6 mg, 92.2 µmol) was reacted in dry CH2Cl2 

(1.8 mL) and DMP (58.6 mg, 138 µmol). After complete oxidation (TLC-control, 1 h 20 

min), the reaction mixture was diluted with Et2O, washed and dried. The solvent was 

evaporated in vacuo and the residue was purified by reversed column chromatography 

(C18 4g, MeCN 0-100%). The desired ketone 20bA (30.3 mg, 45.5 µmol, 49%) was 

obtained as colorless foam. The diastereomers were formed in a 82:18 ratio (in CDCl3). 

 = +32.6  (c = 1.0, CHCl3). Major diastereomer: 1H-NMR (400 MHz, CDCl3):  ɻ= 1.20 

(d, J = 6.3 Hz, 3 H), 1.32 (d, J = 6.5 Hz, 3 H), 1.37–1.73 (m, 6 H), 1.46 (s, 3 H), 1.99 (m, 2 

H), 2.18 (m, 2 H), 2.85 (dd, J = 14.3, 7.3 Hz, 1 H), 2.98 (s, 3 H), 3.28 (dd, J = 14.3, 8.3 Hz, 

1 H), 4.57 (ddd, J = 5.3, 1.5, 1.5 Hz, 2 H), 4.80 (t, J = 7.5 Hz, 1 H), 4.85 (m, 1 H), 4.98 (dq, 

J = 8.3, 6.5 Hz, 1 H), 5.29 (ddt, J = 10.6, 1.5, 1.5 Hz, 1 H), 5.40–5.48 (m, 2 H), 6.04 (ddt, J 

= 17.0, 10.5 Hz, 5.3 Hz, 1 H), 6.12 (d, J = 8.5 Hz, 1 H), 6.56 (d, J = 8.3 Hz, 1 H), 6.81 (d, J 

= 8.5 Hz, 1 H), 7.04 (dd, J = 8.5, 2.2 Hz, 1 H), 7.24 (d, J = 2.3 Hz, 1 H), 7.46–7.54 (m, 3 

H), 7.64 (m, 1 H), 8.07 (dd, J = 8.6, 1.3 Hz, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ= 15.5, 

17.9, 19.9, 25.8, 26.5, 30.3, 31.5, 32.3, 34.5, 35.3, 45.3, 56.2, 57.6, 69.7, 72.0, 113.8, 

117.8, 122.9, 125.7, 128.0, 128.8, 129.7, 129.9, 130.7, 132.6, 133.7, 134.0, 134.6, 152.9, 

166.2, 169.5, 172.9, 174.0, 191.0. Minor diastereomer (selected signals): 1H-NMR (400 

MHz, CDCl3):  ɻ= 1.08 (d, J = 6.8 Hz, 3 H), 2.93 (dd, J = 15.6, 7.0 Hz, 1 H), 2.96 (s, 3 H), 

3.34 (dd, J = 14.8, 6.3 Hz, 1 H), 4.49 (ddd, J = 5.5, 1.5, 1.5 Hz, 2 H), 5.62 (m, 1 H), 6.56 

(d, J = 7.3 Hz, 1 H), 6.81 (d, J = 8.3 Hz, 1 H), 7.04 (dd, J = 8.8, 2.0 Hz, 1 H), 7.18 (d, J = 

2.0 Hz, 1 H), 7.60 (m, 1 H), 8.01 (dd, J = 8.5, 1.2 Hz, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ

= 17.7, 19.7, 29.7, 35.1, 45.5, 128.6, 134.5. LC-MS: Luna, 0.6 mL/min, 254 nm, 

MeCN/H2O 8:2, tR (20bA) = 2.69, 3.16 min. HRMS (CI) calcd for: C36H45ClN3O7
+ [M+H+]: 

666.2941, found: 666.2967.  

 

(6R,9S,E)-6-(4-(Allyloxy)-3-bromobenzyl)-3-benzoyl-7,9,16-trimethyl-1-oxa-4,7,10-

triazacyclononadec-15-ene-2,5,8,11-tetraone (20cC) 

According to GP 12 aldol product 19cC (92 mg, 132 µmol) was reacted in dry CH2Cl2 (2.6 

mL) and DMP (67.0 mg, 158 µmol). After complete oxidation (TLC-control, 1 h 50 min), the 

reaction mixture was diluted with Et2O, washed and dried. The solvent was evaporated in 

vacuo and the residue was purified by column chromatography (silica gel, CH2Cl2/Et2O 

9:1, 8:2). The desired ketone 20cC (33.3 mg, 47.8 µmol, 36 %) was obtained as colorless 
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foam. The diastereomers were formed in a 71:29 ratio (in CDCl3).  = +32.1 (c = 1, 

CHCl3). The product is unstable. Major diastereomer: 1H-NMR (500 MHz, CDCl3):  ɻ= 1.31 

(d, J = 6.3 Hz, 3 H), 1.53 (s, 3 H), 1.59–2.09 (m, 8 H), 2.18 (t, J = 7.9 Hz, 2 H), 2.85 (dd, J 

= 14.5, 7.3 Hz, 1 H), 2.94 (s, 3 H), 3.27 (dd, J = 14.2, 8.5 Hz, 1 H), 4.14 (m, 2 H), 4.57 (m, 

2 H), 4.90–4.99 (m, 2 H), 5.29 (ddt, J = 10.8, 1.6, 1.6 Hz, 1 H), 5.42 (m, 1 H), 5.46 (dd, J = 

17.9, 1.6 Hz, 1 H), 6.04 (ddt, J =17.5, 10.4, 5.4, 1 H), 6.18 (d, J = 8.8 Hz, 1 H), 6.67 (d, J = 

8.6 Hz, 1 H), 6.77 (d, J = 8.5 Hz, 1 H), 7.08 (dd, J = 8.5, 1.9 Hz, 1 H), 7.42 (d, J = 2.3 Hz, 1 

H), 7.46–7.54 (m, 3 H), 7.64 (m, 1 H), 8.04 (d, J = 7.6 Hz, 2 H). 13C-NMR (100 MHz, 

CDCl3):  ɻ= 15.8, 17.7, 25.0, 25.5, 26.7, 30.2, 31.6, 34.2, 35.1, 45.4, 56.3, 57.4, 64.7, 69.7, 

112.2, 113.6, 117.7, 125.9, 128.8, 129.5, 132.6, 132.6, 133.8, 133.8, 134.6, 153.8, 167.6, 

169.1, 172.5, 173.6, 190.8. Minor diastereomer (selected signals): 1H-NMR (500 MHz, 

CDCl3):  ɻ= 1.42 (s, 3 H), 2.80 (dd, J = 14.8, 7.3 Hz, 1 H), 2.97 (s, 3 H), 5.04–5.11 (m, 2 

H), 5.63 (m, 1 H), 6.24 (d, J = 8.5 Hz, 1 H), 6.78 (d, J = 8.5 Hz, 1 H), 7.38 (d, J = 1.6 Hz, 1 

H), 8.11 (d, J = 7.6 Hz, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ= 17.9, 29.7, 44.9, 57.9, 69.7, 

112.2, 153.7. Rf (CH2Cl2/Et2O) = 0.44. HRMS (CI) calcd for: C35H43BrN3O7
+ [M+H+]: 

696.2279, found: 696.2289. 

 

(3E,6R,9S,15E,19S)-6-(4-Hydroxybenzyl)-3-(methoxy(phenyl)methylene)-7,9,16,19-

tetramethyl-1-oxa-4,7,10-triazacyclononadec-15-en-2,5,8,11-tetraon ((E)-21aA) 

To ketone 20aA (82.1 mg, 130 µmol), contaminated with vinyl ether (6.9 mg, 11.0 µmol), 

NaH (5.4 mg, 226 µmol) was added at 0 °C. The mixture was dissolved under a nitrogen 

atmosphere in dry DMF (0.7 mL) and stirred for 1 h 30 min. Then methyl triflate (17.5 µl, 

155 µmol) was added to the resulting clear yellow solution. After stirring for 1 h at 0 °C 

(LC-MS-control), the reaction mixture was diluted with EtOAc, washed with dest. H2O as 

well as saturated NaCl-solution and the combined organic layers were dried over Na2SO4. 

The crude product mixture was then subjected to the allyl deprotection without further 

purification. According to GP 13 the product mixture was reacted in dry MeOH (2.1 mL) 

with quinaldic acid (2.4 mg, 14.1 µmol) as well as Ru-catalyst (6.1 mg, 14.1 µmol). After 

complete deprotection (LC-MS-control, 1 h 30 min), the solvent was evaporated in vacuo 

and the catalyst was separated by column chromatography (silica gel, CH2Cl2/Et2O 6:4). 

The product mixture was separated by preparative HPLC (RP, Reprosil, MeCN/H2O 1:1) in 

two fractions. (E)-enol ether 21aA (27.9 mg, 46.1 µmol, 36 %) and (Z)-enol ether 21aA 

(9.4 mg, 15.5 µmol, 12 %) contaminated with ketone 22aA (1.7 mg, 2.87 µmol, 2 %) were 

obtained as colorless solids.  = +148.2 (c = 1.00, CHCl3). Melting range: 94–98 °C. 
1H-NMR (CDCl3, 400 MHz): δ = 1.25 (d, J = 6.3 Hz, 3 H), 1.32 (d, J = 6.2 Hz, 3 H), 1.59 (s, 

3 H), 1.62 (m, 1 H), 1.71 (m, 1 H), 1.73–1.88 (m, 2 H), 1.96 (m, 1 H), 2.07 (m, 2 H), 2.12–

2.20 (m, 2 H), 2.34 (dt, J = 13.8, 8.0 Hz, 1 H), 2.66 (dd, J = 13.7, 6.0 Hz, 1 H), 2.84 (s, 3 

H), 3.20 (dd, J = 13.7, 9.7 Hz, 1 H), 3.48 (s, 3 H), 4.76 (m, 1 H), 5.04–5.15 (m, 3 H), 6.70 

(d, J = 8.4 Hz, 2 H), 6.93 (d, J = 7.9 Hz, 2 H), 7.11 (s, 1 H), 7.22–7.25 (m, 5 H), 7.32 (m, 1 

H). 13C-NMR (CDCl3, 100 MHz): δ = 16.3, 17.0, 19.7, 25.8, 26.5, 30.2, 32.0, 33.3, 34.8, 

34.9, 46.1, 56.9, 58.6, 70.3, 111.3, 115.5, 125.3, 127.8, 128.3, 128.6, 130.0, 130.1, 131.7, 

134.8, 155.1, 164.6, 165.7, 169.3, 172.8, 173.8. LC-MS: Luna, 0.6 mL/min, 254 nm, 
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MeCN/H2O 6:4, tR = 1.98 min. HRMS (CI) calcd for: C34H44N3O7 [M+H]+: 606.3174, found: 

606.3194.  

 

(3Z,6R,9S,15E,19S)-6-(4-Hydroxybenzyl)-3-(methoxy(phenyl)methylene)-7,9,16,19-

tetra-methyl-1-oxa-4,7,10-triazacyclononadec-15-en-2,5,8,11-tetraon ((Z)-21aA) 

 = +11.9 (c = 1.00, CHCl3). Melting range: 70–73 °C. 1H-NMR (CDCl3, 400 MHz): δ = 

0.69 (d, J = 6.3 Hz, 3 H), 1.06 (m, 1 H), 1.28 (d, J = 6.4 Hz, 3 H), 1.34 (m, 1 H), 1.51 (s, 3 

H), 1.63 (m, 2 H), 1.84 (m, 2 H), 2.00 (m, 2 H), 2.11 (m, 1 H), 2.23 (m, 1 H), 2.91–2.97 (m, 

4 H), 3.31 (dd, J = 14.7, 7.6 Hz, 1 H), 3.37 (s, 3 H), 4.63 (m, 1 H), 4.80 (m, 1 H), 4.94 (t, J 

= 7.3 Hz, 1 H), 5.58 (dd, J = 8.0, 8.0 Hz, 1 H), 6.23 (bs, 1 H), 6.76 (d, J = 8.5 Hz, 2 H), 

7.10 (d, J = 8.5 Hz, 2 H), 7.29–7.43 (m, 7 H). 13C-NMR (CDCl3, 100 MHz): δ = 16.2, 17.3, 

18.7, 25.7, 26.1, 30.1, 31.7, 32.5, 34.5, 35.0, 46.1, 56.6, 57.3, 70.1, 107.8, 115.5, 125.1, 

128.1, 128.3, 129.2, 129.5, 129.9, 132.7, 134.7, 154.9, 165.3, 165.3, 168.4, 173.4, 173.4. 

HRMS (CI) calcd for: C34H44N3O7 [M+H]+: 606.3174, found: 606.3201.  

 

(6R,9S,19S,E)-3-Benzoyl-6-(3-chloro-4-hydroxybenzyl)-7,9,16,19-tetramethyl-1-oxa-

4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (22bA) 

According to GP 13 protected ketone 20bA (16 mg, 24.0 µmol) was reacted in dry MeOH 

(0.4 mL) with quinaldic acid (0.5 mg, 4.8 µmol) as well as Ru-catalyst (1.3 mg, 4.8 µmol). 

After complete deprotection (LC-MS-control, 4 h), DMSO (17 µL, 240 µmol) was added 

and stirred over night. The solvent was evaporated in vacuo and purified by reversed 

column chromatography (C18 4g, MeCN 0-100%). Deprotected Ketone 22bA (11.7 mg, 

18.7 µmol, 78 %) was obtained as colorless foam. The diastereomers were formed in a 

92:8 ratio (in CDCl3).  = +21.8  (c = 1.0, CHCl3). Major diastereomer: 1H-NMR (500 

MHz, CDCl3):  ɻ= 1.20 (d, J = 6.9 Hz, 3 H), 1.33 (d, J = 6.3 Hz, 3 H), 1.39–1.70 (m, 6 H), 

1.46 (s, 3 H), 2.00 (m, 2 H), 2.19 (m, 2 H), 2.84 (dd, J = 14.5, 7.3 Hz, 1 H), 2.97 (s, 3 H), 

3.29 (dd, J = 14.5, 8.8 Hz, 1 H), 4.80 (t, J = 7.3 Hz, 1 H), 4.85 (m, 1 H), 4.99 (dq, J = 6.7, 

6.7 Hz, 1 H), 5.47 (dd, J = 7.6, 7.6 Hz, 1 H), 5.67 (bs, 1 H), 6.12 (d, J = 8.5 Hz, 1 H), 6.59 

(d, J = 8.5 Hz, 1 H), 6.91 (d, J = 8.5 Hz, 1 H), 7.03 (dd, J = 8.2, 1.6 Hz, 1 H), 7.19 (m, 1 H), 

7.48–7.54 (m, 3 H), 7.65 (m, 1 H), 8.07 (d, J = 7.3 Hz, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ

= 15.5, 17.9, 20.0, 25.8, 26.5, 30.4, 31.6, 32.3, 34.5, 35.3, 45.3, 56.3, 57.6, 72.1, 116.3, 

119.6, 125.7, 128.8, 128.9, 129.1, 129.4, 129.7, 133.7, 134.0, 134.7, 150.2. The 13C 

signals of the carbonyl groups are not visible in the backround noise of the spectrum. 

Minor diastereomer (selected signals): 1H-NMR (500 MHz, CDCl3):  ɻ= 1.10 (m, 3 H), 3.03 

(s, 3 H), 3.29 (m, 1 H), 5.96 (d, J = 6.3 Hz, 1 H), 6.89 (m, 1 H). The 13C signals of the 

minor diastereomer are not visible in the background noise of the spectrum. LC-MS: Luna, 

0.6 mL/min, 254 nm, MeCN/H2O 7:3, tR = 1.75, 2.02 min. HRMS (CI) calcd for: 

C33H41ClN3O7
+ [M+H+]: 626.2628, found: 626.2621. 

 

(6R,9S,19S,E)-6-(4-(Allyloxy)-3-bromobenzyl)-3-(4-bromobenzoyl)-7,9,16,19-tetra-

methyl-1-oxa-4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (23cA) 

According to GP 11 macrocycle 18cA (160 mg, 0.260 mmol) n dry THF (1.9 mL) was 

reacted with DIPA (0.18 mL, 1.34 mmol) in dry THF (3.9 mL), 1.6 M nBuLi-solution in 
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hexane (0.82 mL, 1.31 mmol) and 4-bromobenzaldehyde (96.0 mg, 0.520 mmol) in dry 

THF (1.1 mL). After 2.5 h the reaction was hydrolyzed at −78 °C. Work up and evaporation 

of the solvent gave rise to a diastereomeric mixture of the aldol intermediate, which was 

used for the next step without further purification.  

According to GP 12 the crude aldol product was reacted in dry CH2Cl2 (5.2 mL) with DMP 

(132 mg, 312 µmol). After complete oxidation (TLC-control, 1.5 h), the reaction mixture 

was diluted with Et2O, washed and dried. The solvent was evaporated in vacuo and the 

residues were purified by column chromatography (silica gel, CH2Cl2/Et2O 100:0, 9:1, 8:2). 

The desired ketone 23cA (39.7 mg, 50.2 µmol, 19% over 2 steps) was obtained as 

colorless oil. Additional a fraction of aldol-product (20.5 mg, 25.9 µmol, 10%) and the retro-

aldol product 18cA (19.9 mg, 32.8 µmol, 13%) could be isolated. The diastereomers were 

formed in a 87:13 ratio (in CDCl3).  = +24.3 (c = 1.00, CHCl3). Major diastereomer: 1H-

NMR (400 MHz, CDCl3):  ɻ= 1.21 (d, J = 6.2 Hz, 3 H), 1.31 (d, J = 6.5 Hz, 3 H), 1.48 (s, 3 

H), 1.52–1.74 (m, 6 H), 2.00 (m, 2 H), 2.16 (t, J = 7.8 Hz, 2 H), 2.83 (dd, J = 14.3, 7.5 Hz, 

1 H), 2.97 (s, 3 H), 3.28 (dd, J = 14.3, 8.8 Hz, 1 H), 4.56 (d, J = 4.8 Hz, 2 H), 4.79–4.90 (m, 

2 H), 4.97 (m, 1 H), 5.29 (dd, J = 10.5, 1.5 Hz, 1 H), 5.40–5.49 (m, 2 H), 6.03 (ddt, J = 

15.6, 10.5, 5.2 Hz, 1 H), 6.06 (d, J = 8.8 Hz, 1 H), 6.55 (d, J = 8.3 Hz, 1 H), 6.74 (d, J = 8.5 

Hz, 1 H), 7.08 (dd, J = 8.5, 2.3 Hz, 1 H), 7.41 (d, J = 2.2 Hz, 1 H), 7.47 (d, J = 8.8 Hz, 1 H), 

7.65 (d, J = 8.5 Hz, 2 H), 7.91 (d, J = 8.6 Hz, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ= 15.6, 

17.9, 19.9, 25.7, 26.5, 30.4, 31.4, 32.4, 34.6, 35.3, 45.3, 56.3, 57.4, 69.7, 72.3, 112.2, 

113.5, 117.7, 125.7, 128.8, 130.2, 130.3, 131.0, 132.1, 132.5, 132.7, 133.7, 133.7, 153.8, 

166.0, 169.4, 172.9, 174.1, 190.2. Minor diastereomer (selected signals): 1H-NMR (400 

MHz, CDCl3):  ɻ= 1.37 (d, J = 5.5 Hz, 3 H), 7.88 (d, J = 8.6 Hz, 2 H). 13C-NMR (100 MHz, 

CDCl3):  ɻ= 15.3, 17.9, 56.2, 57.4, 153.8. Rf (CH2Cl2/Et2O 7:3) = 0.35. HRMS (CI) calcd 

for: C36H44Br2N3O7
+ [M+H+]: 788.1541, found: 788.1551. 

 

(6R,9S,15E)-6-(4-Allyloxy-3-bromobenzyl)-3-(4-bromobenzoyl)-7,9,16-trimethyl-1-oxa-

4,7,10-tri-azacyclononadec-15-en-2,5,8,11-tetraon (23cC) 

According to GP 11 macrocycle 18cC (178 mg, 0.300 mmol) in dry THF (2.3 mL) was 

reacted with DIPA (0.22 mL, 1.53 mmol) in dry THF (3.3 mL), 1.6 M nBuLi-solution in 

hexane (0.94 mL, 1.50 mmol) and 4-bromobenzaldehyde (111 mg, 0.600 mmol) in dry 

THF (1.8 mL). After 2 h the reaction was hydrolyzed at −65 °C. Purification by column 

chromatography (silica gel, petroleum ether/EtOAc 8:2, 7:3, 6:4, 1:1, 4:6, 3:7) gave rise to 

a diastereomeric mixture of the corresponding aldol product, which was contaminated with 

traces of vinyl ether.  

According to GP 12 the crude aldol product was reacted in dry CH2Cl2 (2.1 mL) with DMP 

(75 mg, 175 µmol). After complete oxidation (TLC-control, 1 h 45 min), the reaction 

mixtures were diluted with Et2O, washed and dried. The solvent was evaporated in vacuo 

and the residues were purified by column chromatography (silica gel, CH2Cl2/Et2O 95:5, 

9:1, 8:2). The desired ketone 23cC (66.3 mg, 85.5 µmol, 29 %) was obtained as colorless 

foam, contaminated with vinyl ether (5.4 mg, 7.0 µmol, 2 %). The diastereomers were 

formed in a 79:21 ratio (in CDCl3).  = +21.5 (c = 1.00, CHCl3). Melting range: 60–64 

°C. Major diastereomer: 1H-NMR (CDCl3, 400 MHz): δ = 1.29 (d, J = 6.5 Hz, 3 H), 1.52 (s, 
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3 H), 1.61–1.74 (m, 4 H), 1.79–2.20 (m, 6 H), 2.82 (dd, J = 14.1, 6.8 Hz, 1 H), 2.92 (s, 3 

H), 3.26 (dd, J = 14.1, 9.0 Hz, 1 H), 4.14 (m, 2 H), 4.56 (d, J = 5.0 Hz, 2 H), 4.88–4.96 (m, 

2 H), 5.28 (ddt, J = 10.6, 1.5, 1.5 Hz, 1 H), 5.39 (dd, J = 8.8, 6.9 Hz, 1 H), 5.45 (ddt, J = 

17.3, 1.5, 1.5 Hz, 1 H), 6.03 (ddt, J = 17.2, 10.3, 5.0 Hz, 1 H), 6.10 (d, J = 9.1 Hz, 1 H), 

6.63 (d, J = 8.5 Hz, 1 H), 6.76 (d, J = 8.5 Hz, 1 H), 7.06 (dd, J = 8.4, 2.1 Hz, 1 H), 7.40 (d, 

J = 2.1 Hz, 1 H), 7.46 (d, J = 8.9 Hz, 1 H), 7.62 (d, J = 8.7 Hz, 2 H), 7.87 (d, J = 8.7 Hz, 2 

H). 13C-NMR (CDCl3, 100 MHz): δ = 15.8, 17.7, 25.0, 25.5, 26.6, 30.2, 31.5, 34.2, 35.1, 

45.3, 56.3, 57.2, 64.9, 69.7, 112.2, 113.5, 117.8, 126.0, 128.8, 130.1, 130.8, 132.2, 132.5, 

132.5, 133.8, 133.8, 153.8, 167.5, 169.0, 172.5, 173.6, 190.0. Minor diastereomer 

(selected signals): 1H-NMR (CDCl3, 400 MHz): δ = 1.23 (d, J = 6.8 Hz, 3 H), 1.42 (s, 3 H), 

2.77 (dd, J = 14.9, 8.8 Hz, 1 H), 2.95 (s, 3 H), 3.90 (m, 1 H), 4.27 (m, 1 H), 4.67 (m, 1 H), 

5.04 (m, 1 H), 5.59 (dd, J = 8.5, 7.4 Hz, 1 H), 5.88 (d, J = 5.4 Hz, 1 H), 6.20 (d, J = 8.5, 1 

H), 7.36 (d, J = 2.1 Hz, 1 H), 7.65 (d, J = 8.6 Hz, 2 H), 7.95 (d, J = 8.6 Hz, 2 H). 13C-NMR 

(CDCl3, 100 MHz): δ = 14.9, 17.9, 24.8, 24.8, 26.8, 30.6, 34.6, 35.4, 44.8, 56.1, 64.9, 

113.5, 117.7, 127.0, 130.7, 132.1, 132.5, 132.6, 133.5, 133.9, 153.8. HRMS (CI) calcd for: 

C35H41Br2N3O7
+ [M]+: 773.1306, found: 773.1357. Elemental analysis calcd for 

C35H41Br2N3O7 (775.52): C 54.21, H 5.33, N 5.42, found: C 54.08, H 5.60, N 4.97. 

 

(6R,9S,19S,E)-6-(4-(Allyloxy)-3-bromobenzyl)-3-(4-fluorobenzoyl)-7,9,16,19-tetra-

methyl-1-oxa-4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (24cA) 

According to GP 11 macrocycle 18cA (146 mg, 0.242 mmol) in dry THF (1.9 mL) was 

reacted with DIPA (0.17 mL, 1.23 mmol) in dry THF (3.6 mL), 1.6 M nBuLi-solution in 

hexane (0.76 mL, 1.21 mmol) and 4-Fluorobenzaldehyde (51.8 µL, 0.483 mmol) in dry 

THF (1.0 mL). After 2 h the reaction was hydrolyzed at −78 °C. Work up and evaporation 

of the solvent gave rise to a diastereomeric mixture of the aldol intermediate, which was 

used for the next step without further purification.  

According to GP 12 the crude aldol product was reacted in dry CH2Cl2 (4.8 mL) with DMP 

(123 mg, 290 µmol). After complete oxidation (TLC-control, 3 h), the reaction mixture was 

diluted with Et2O, washed and dried. The solvent was evaporated in vacuo and the 

residues were purified by column chromatography (silica gel, CH2Cl2/Et2O 8:2, 7:3). The 

desired ketone 24cA (46.5 mg, 64.0 µmol, 26% over 2 steps) was obtained as a white 

foam. Additional a fraction of aldol product (17.5 mg, 24.0 µmol, 10%) and the retro-aldol 

product 18cA (16.2 mg, 26.7 µmol, 11%) could be isolated. The diastereomers were 

formed in a 68:32 ratio (in CDCl3).  = +39.7 (c = 1.00, CHCl3). Major diastereomer: 
1H-NMR (500 MHz, CDCl3):  ɻ= 1.21 (d, J = 6.3 Hz, 3 H), 1.31 (d, J = 7.0 Hz, 3 H), 1.47 (s, 

3 H), 1.62–1.75 (m, 4 H), 1.91–2.13 (m, 4 H), 2.18 (t, J = 8.2 Hz, 2 H), 2.84 (dd, J = 14.5, 

7.3 Hz, 1 H), 2.97 (s, 3 H), 3.28 (dd, J = 14.2, 8.5 Hz, 1 H), 4.55 (m, 2 H), 4.74–4.90 (m, 2 

H), 4.97 (m, 1 H), 5.28 (m, 1 H), 5.41–5.48 (m, 2 H), 6.03 (ddt, J = 15.8, 10.7, 5.4 Hz, 1 H), 

6.07 (d, J = 8.8 Hz, 1 H), 6.53 (d, J = 8.2 Hz, 1 H), 6.77 (d, J = 8.5 Hz, 1 H), 7.08 (dd, J = 

8.5, 2.2 Hz, 1 H), 7.17 (m, 2 H), 7.41 (d, J = 2.2 Hz, 1 H), 7.47 (d, J = 8.5 Hz, 1 H), 8.10 

(m, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ= 15.5, 17.9, 19.9, 25.8, 26.5, 30.3, 31.4, 32.4, 

34.5, 35.3, 45.2, 56.2, 57.4, 69.7, 72.2, 112.1, 113.5, 116.1, 117.7, 125.7, 128.8, 130.3, 

130.4, 132.4, 132.5, 133.7, 133.7, 153.8, 166.0, 167.6 169.5, 172.9, 174.1, 189.5. Minor 

diastereomer (selected signals): 1H-NMR (500 MHz, CDCl3):  ɻ= 1.04 (d, J = 7.0 Hz, 3 H), 
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1.30 (d, J = 6.3 Hz, 3 H), 2.67 (dd, J = 14.1, 9.7 Hz, 1 H), 1.54 (s, 3 H), 2.47 (s, 3 H), 3.34 

(dd, J = 15.1, 5.7 Hz, 1 H), 6.73 (d, J = 8.5 Hz, 1 H), 8.05 (m, 2 H).13C-NMR (100 MHz, 

CDCl3):  ɻ= 15.8, 25.6, 26.5, 30.3, 31.8, 32.9, 34.7, 35.3, 46.0, 72.3, 111.8, 113.4, 116.0, 

117.7, 128.5, 153.5, 165.6, 169.2, 170.0, 173.7, 175.4. LC-MS: Luna, 0.6 mL/min, 254 nm, 

MeCN/H2O+1%HCOOH 10:90-100:0 in 8 min, tR = 15.53, 15.96 min. HRMS (CI) calcd for: 

C36H44BrFN3O7
+ [M+H+]: 728.2341, found: 728.2369. 

 

(6R,9S,15E)-6-(4-Allyloxy-3-bromobenzyl)-3-(4-fluorobenzoyl)-7,9,16-trimethyl-1-oxa-

4,7,10-tri-azacyclononadec-15-en-2,5,8,11-tetraon (24cC) 

According to GP 11 macrocycle 18cC (178 mg, 0.300 mmol) n dry THF (2.3 mL) was 

reacted with DIPA (0.22 mL, 1.53 mmol) in dry THF (2.3 mL), 1.6 M nBuLi-solution in 

hexane (0.94 mL, 1.50 mmol) and 4-fluorobenzaldehyde (74.5 mg, 0.600 mmol) in dry 

THF (1.2 mL). After 2 h the reaction was hydrolyzed at −70 °C. Purification by column 

chromatography (silica gel, petroleum ether/EtOAc 8:2, 7:3, 6:4, 1:1, 4:6, 3:7) gave rise to 

a diastereomeric mixture of 23cC, which could be partially separated: Two fractions were 

obtained as colorless foam: the aldol product (39.7 mg, 0.055 mmol, 18 %) and a mixed 

fraction (82.8 mg, 2:8) of starting 18cC (0.025 mmol, 8 %) and aldol product (0.095 mmol, 

32 %). Both fractions were contaminated with traces of vinyl ether.  

According to GP 12 each fraction was oxidized. Aldol product (39.1 mg, 54.6 µmol), was 

reacted in dry CH2Cl2 (1.1 mL) with DMP (27.8 mg, 65.5 µmol) and the mixed fraction 

(81.4 mg) containing the aldol product (69.2 mg, 95 µmol) was reacted in dry CH2Cl2 (2.3 

mL) and DMP (49.2 mg, 116 µmol). After complete oxidation (TLC-control, 2 h), the 

reaction mixtures were diluted with Et2O, washed and dried. The solvent was evaporated 

in vacuo and the residues were purified by column chromatography (silica gel, 

CH2Cl2/Et2O 95:5, 9:1, 8:2). The desired ketone 24cC (78.6 mg, 110 µmol, 37 %) was 

obtained as colorless foam, contaminated with vinyl ether (7.3 mg, 10.2 µmol, 3 %). The 

diastereomers were formed in a 78:22 ratio (in CDCl3).  = +24.4 (c = 1.00, CHCl3). 

Major diastereomer: 1H-NMR (CDCl3, 400 MHz): δ = 1.27 (d, J = 6.5 Hz, 3 H), 1.51 (s, 3 

H), 1.57–1.73 (m, 4 H), 1.74–2.17 (m, 6 H), 2.81 (dd, J = 14.1, 6.8 Hz, 1 H), 2.91 (s, 3 H), 

3.24 (dd, J = 14.2, 9.0 Hz, 1 H), 4.13 (m, 2 H), 4.53 (d, J = 5.0 Hz, 2 H), 4.87–4.96 (m, 2 

H), 5.26 (ddt, J = 10.6, 1.4, 1.4 Hz, 1 H), 5.39 (dd, J = 8.0, 6.3 Hz, 1 H), 5.43 (ddt, J = 

17.2, 1.5, 1.5 Hz, 1 H), 6.01 (ddt, J = 17.3, 10.3, 5.0 Hz, 1 H), 6.10 (d, J = 9.0 Hz, 1 H), 

6.63 (d, J = 8.5 Hz, 1 H), 6.74 (d, J = 8.5 Hz, 1 H), 7.05 (dd, J = 8.4, 2.2 Hz, 1 H), 7.13 (m, 

2 H), 7.38 (d, J = 2.1 Hz, 1 H), 7.47 (d, J = 9.1 Hz, 1 H), 8.04 (m, 2 H). 13C-NMR (CDCl3, 

100 MHz): δ = 15.7, 17.6, 25.0, 25.4, 26.6, 30.1, 31.5, 34.2, 35.0, 45.3, 56.2, 57.2, 64.8, 

69.6, 112.1, 113.4, 116.0, 117.7, 125.9, 128.7, 130.1, 130.1, 132.3, 132.4, 133.7, 133.8, 

153.7, 166.5, 167.5, 169.0, 172.4, 173.5, 189.3. Minor diastereomer (selected signals): 1H-

NMR (CDCl3, 400 MHz): δ = 1.22 (d, J = 6.7 Hz, 3 H), 1.40 (s, 3 H), 2.76 (dd, J = 14.9, 8.8 

Hz, 1 H), 2.95 (s, 3 H), 3.89 (m, 1 H), 4.25 (m, 1 H), 4.65 (m, 1 H), 5.04 (m, 1 H), 5.59 (dd, 

J = 8.6, 7.3 Hz, 1 H), 5.90 (d, J = 5.4 Hz, 1 H), 6.22 (d, J = 8.5 Hz, 1 H), 6.75 (d, J = 8.4 

Hz, 1 H), 7.16 (m, 2 H), 7.34 (d, J = 2.1 Hz, 1 H), 8.12 (m, 2 H). 13C-NMR (CDCl3, 100 

MHz): δ = 14.8, 17.8, 24.3, 24.8,, 26.7, 30.6, 31.3, 34.5, 35.3, 44.8, 56.1, 57.8, 64.9, 

112.1, 113.4, 115.9, 117.7, 127.0, 128.6, 130.2, 130.5, 132.0, 132.5, 133.5, 133.9, 153.6, 
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166.1, 169.6, 172.6, 174.5, 189.5. LC-MS: Luna, 0.6 mL/min, 254 nm, MeCN/H2O 7:3, tR = 

4.63, 5.11 min. HRMS (CI) calcd for: C35H42BrFN3O7
+ [M+H]+: 714.2185, found: 714.2189. 

 

(6R,9S,19S,E)-6-(3-Bromo-4-hydroxybenzyl)-3-(4-bromobenzoyl)-7,9,16,19-tetra-

methyl-1-oxa-4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (25cA) 

According to GP 13 protected ketone 23cA (19.9 mg, 25.2 µmol) was reacted in dry MeOH 

(0.4 mL) with quinaldic acid (0.87 mg, 5.0 µmol) as well as Ru-catalyst (2.17 mg, 5.0 

µmol). After complete deprotection (LC-MS-control, 3 h 30 min), DMSO (17.8 µL, 250 

µmol) was added and the mixture was stirred over night. The solvent was evaporated in 

vacuo and the product was purified by reversed-phase column chromatography (C18 4 g, 

MeCN 0-100%). Deprotected ketone 25cA (12.4 mg, 16.6 µmol, 66 %) was obtained as 

yellow foam. The diastereomers were formed in a 8:2 ratio (in CDCl3).  = +38.5  (c = 

0.5, CHCl3).  Major diastereomer: 1H-NMR (500 MHz, CDCl3):  ɻ= 1.21 (d, J = 6.3 Hz, 3 H), 

1.32 (d, J = 6.6 Hz, 3 H), 1.48 (s, 3 H), 1.51–1.69 (m, 4 H), 1.93–2.04 (m, 4 H), 2.16 (t, J = 

7.9 Hz, 2 H), 2.83 (dd, J = 14.1, 7.1 Hz, 1 H), 2.97 (s, 3 H), 3.28 (dd, J = 14.2, 8.5 Hz, 1 

H), 4.81 (t, J = 7.0 Hz, 1 H), 4.87 (tq, J = 6.6, 6.6 Hz, 1 H), 4.98 (dq, J = 6.7, 6.7 Hz, 1 H), 

5.44 (dd, J = 7.3, 7.3 Hz, 1 H), 5.74 (bs, 1 H), 6.06 (d, J = 8.9 Hz, 1 H), 6.55 (d, J = 8.2 Hz, 

1 H), 6.91 (d, J = 8.2 Hz, 1 H), 7.07 (dd, J = 8.5, 1.9 Hz, 1 H), 7.32 (d, J = 1.9 Hz, 1 H), 

7.48 (d, J = 8.8 Hz, 1 H), 7.65 (d, J = 8.5 Hz, 2 H), 7.92 (d, J = 8.5 Hz, 2 H). 13C-NMR (100 

MHz, CDCl3):  ɻ = 15.6, 17.9, 19.9, 25.8, 26.5, 30.4, 31.5, 32.4, 34.6, 35.3, 45.3, 56.3, 

57.4, 72.3, 110.1, 116.1, 125.7, 129.7, 130.1, 130.2, 131.0, 132.2, 132.3, 132.7, 133.7, 

151.2, 165.9, 169.4, 173.0, 174.2, 190.2. Minor diastereomer (selected signals): 1H-NMR 

(500 MHz, CDCl3):  ɻ= 1.08 (d, J = 7.0 Hz, 3 H), 1.52 (s, 3 H), 2.99 (s, 3 H), 3.34 (dd, J = 

14.8, 8.5 Hz, 1 H), 5.07 (m, 1 H), 5.60 (dd, J = 6.3, 6.3 Hz, 1 H), 7.01 (dd, J = 8.5, 2.2 Hz, 

1 H), 7.63 (d, J = 8.8 Hz, 2 H), 7.88 (d, J = 8.8 Hz, 2 H). 13C-NMR (100 MHz, CDCl3):  ɻ= 

15.7, 17.5, 26.4, 45.5, 116.1, 132.3, 153.8, 190.5. LC-MS: Luna, 0.6 mL/min, 254 nm, 

MeCN/H2O 7:3, tR = 3.80, 4.51 min. HRMS (CI) calcd for: C35H43BrN3O7
+ [M+H+]: 

748.1228, found: 748.1235. 

 

(6R,9S,E)-6-(3-Bromo-4-hydroxybenzyl)-3-(4-bromobenzoyl)-7,9,16-trimethyl-1-oxa-

4,7,10-triazacyclononadec-15-en-2,5,8,11-tetraon (25cC) 

According to GP 13 protected ketone 23cC (49.1 mg, 63.3 µmol), contaminated with vinyl 

ether (4 mg, 5.2 µmol), was reacted in dry MeOH (1.0 mL) with quinaldic acid (3.0 mg, 

6.85 µmol) as well as Ru-catalyst (3.0 mg, 6.85 µmol). After complete deprotection (LC-

MS-control, 3 h), DMSO (24 µL, 343 µmol) was added and the mixture was stirred over 

night. The solvent was evaporated in vacuo and the product purified by column 

chromatography (silica gel, CH2Cl2/Et2O 100:0, 9:1, 8:2, 7:3). Deprotected Ketone 25cC 

(37.2 mg, 50.6 µmol, 80 %) was obtained as colorless solid. The diastereomers were 

formed in a 79:21 ratio (in CDCl3).  = +61.2 (c = 1.00, CHCl3). Melting range: 85–89 

°C. Major diastereomer: 1H-NMR (CDCl3, 400 MHz): δ = 1.27 (d, J = 6.5 Hz, 3 H), 1.52 (s, 

3 H), 1.58–1.75 (m, 4 H), 1.77–2.19 (m, 6 H), 2.82 (dd, J = 14.3, 7.1 Hz, 1 H), 2.93 (s, 3 

H), 3.24 (dd, J = 14.2, 8.8 Hz, 1 H), 4.13 (m, 2 H), 4.88–4.95 (m, 2 H), 5.39 (dd, J = 8.6, 

7.2 Hz, 1 H), 6.10 (d, J = 9.0 Hz, 1 H), 6.11 (bs, 1 H), 6.65 (d, J = 8.4 Hz, 1 H), 6.88 (d, J = 



     

S25 
 

8.3 Hz, 1 H), 7.02 (dd, J = 8.3, 2.0 Hz, 1 H), 7.30 (d, J = 1.9 Hz, 1 H), 7.47 (d, J = 8.9 Hz, 1 

H), 7.62 (d, J = 8.6 Hz, 2 H), 7.87 (d, J = 8.6 Hz, 2 H). 13C-NMR (CDCl3, 100 MHz): δ = 

15.8, 17.7, 25.0, 25.5, 26.6, 30.2, 31.6, 34.2, 35.1, 45.4, 56.3, 57.3, 64.9, 110.1, 116.2, 

125.9, 129.6, 129.7, 130.2, 130.8, 132.2, 132.5, 132.5, 133.8, 151.4, 167.3, 169.1, 172.7, 

173.6, 190.0. Minor diastereomer (selected signals): 1H-NMR (CDCl3, 400 MHz): δ = 1.22 

(d, J = 6.6 Hz, 3 H), 1.41 (s, 3 H), 2.76 (dd, J = 14.9, 8.8 Hz, 1 H), 2.96 (s, 3 H), 3.25 (dd, J 

= 14.8, 6.8 Hz, 1 H), 3.90 (m, 1 H), 4.27 (m, 1 H), 4.68 (m, 1 H), 5.04 (m, 1 H), 5.59 (dd, J 

= 9.1, 6.9 Hz, 1 H), 5.89 (d, J = 5.4 Hz, 1 H), 6.25 (d, J = 8.4 Hz, 1 H), 7.27 (d, J = 2.0 Hz, 

1 H), 7.64 (d, J = 8.8 Hz, 2 H), 7.94 (d, J = 8.6 Hz, 2 H). 13C-NMR (CDCl3, 100 MHz): δ = 

14.9, 17.7, 24.4, 24.8, 26.7, 29.7, 30.7, 31.4, 35.4, 44.9, 56.3, 57.8, 65.0, 110.0, 116.1, 

126.9, 129.4, 129.5, 130.1, 130.7, 132.1, 132.5, 132.6, 133.9, 151.3, 166.0, 169.6, 173.0, 

174.7. LC-MS: Luna, 0.6 mL/min, 254 nm, MeCN/H2O 7:3, tR = 3.00 min. HRMS (CI) calcd 

for: C32H37Br2N3O7
+ [M]+: 733.0993, found: 733.1013. 

 

(6R,9S,19S,E)-6-(3-Bromo-4-hydroxybenzyl)-3-(4-fluorobenzoyl)-7,9,16,19-tetra-

methyl-1-oxa-4,7,10-triazacyclononadec-15-ene-2,5,8,11-tetraone (26cA) 

According to GP 13 protected ketone 24cA (24.8 mg, 33.0 µmol) was reacted in dry MeOH 

(0.5 mL) with quinaldic acid (1.04 mg, 6.0 µmol) as well as Ru-catalyst (2.60 mg, 6.0 

µmol). After complete deprotection (LC-MS-control, 3 h), DMSO (21.3 µL, 300 µmol) was 

added and the mixture was stirred over night. The solvent was evaporated in vacuo and 

the product purified by column chromatography (silica gel, DCM/Et2O 100:0, 9:1, 8:2, 7:3). 

Deprotected ketone 26cA (16.7 mg, 24.2 µmol, 73 %) was obtained as colorless oil. The 

diastereomers were formed in a 9:1 ratio.  = +42.1  (c = 1, CHCl3). Major 

diastereomer: 1H-NMR (500 MHz, CDCl3):  ɻ= 1.21 (d, J = 6.3 Hz, 3 H), 1.38 (d, J = 5.7 

Hz, 3 H), 1.47 (s, 3 H), 1.58–1.74 (m, 4 H), 1.93–2.04 (m, 4 H), 2.19 (t, J = 7.9 Hz, 2 H), 

2.84 (dd, J = 14.2, 7.3 Hz, 1 H), 2.99 (s, 3 H), 3.28 (dd, J = 14.5, 8.5 Hz, 1 H), 4.80 (t, J = 

7.3 Hz, 1 H), 4.86 (tq, J = 6.3, 6.3 Hz, 1 H), 5.03 (m, 1 H), 5.45 (m, 1 H), 5.76 (bs, 1 H), 

6.07 (d, J = 8.5 Hz, 1 H), 6.56 (d, J = 8.6 Hz, 1 H), 6.90 (d, J = 8.5 Hz, 1 H), 7.07 (dd, J = 

8.2, 2.2 Hz, 1 H), 7.18 (m, 2 H), 7.33 (d, J = 2.2 Hz, 1 H), 7.49 (d, J = 8.9 Hz, 1 H), 8.11 

(m, 2 H). 13C-NMR (100 MHz, CDCl3): δ = 15.6, 17.9, 19.9, 25.8, 26.5, 30.4, 31.5, 32.4, 

34.6, 35.3, 45.3, 56.3, 57.5, 72.2, 110.1, 116.0, 116.1, 116.2, 125.7, 129.7, 130.1, 130.4, 

132.3, 132.4, 132.5, 133.7, 151.2, 166.0, 169.5 173.0, 174.1, 175.0, 189.4. Minor 

diastereomer (selected signals): 1H-NMR (500 MHz, CDCl3): δ = 1.28 (m, 3 H), 1.32 (d, J = 

6.3 Hz, 3 H), 1.53 (s, 3 H), 2.70 (dd, J = 15.2, 11.1 Hz, 1 H), 2.98 (s, 3 H), 3.35 (m, 1 H), 

5.15 (m, 1 H), 5.52 (m, 1 H), 6.90 (d, J = 8.2 Hz, 1 H). The 13C signals of the minor 

diastereomer are not visible in the background noise of the spectrum. LC-MS: Luna, 0.6 

mL/min, 254 nm, MeCN/H2O 7:3, tR = 2.80, 3.30 min. HRMS (CI) calcd for: 

C33H40BrFN3O7
+ [M+H]+: 688.2028, found: 688.2012. 

 

(6R,9S,E)-6-(3-Bromo-4-hydroxybenzyl)-3-(4-fluorobenzoyl)-7,9,16-trimethyl-1-oxa-

4,7,10-triaza-cyclononadec-15-en-2,5,8,11-tetraon (26cC) 

According to GP 13 protected ketone 24cC (49.5 mg, 69.3 µmol), contaminated with vinyl 

ether (4.7 mg, 6.5 µmol), was reacted in dry MeOH (1.1 mL) with quinaldic acid (1.3 mg, 

7.58 µmol) as well as Ru-catalyst (3.3 mg, 7.58 µmol). After complete deprotection (LC-
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MS-control), DMSO (27 µL, 379 µmol) was added and the mixture was stirred over night. 

The solvent was evaporated in vacuo and the product purified by column chromatography 

(silica gel, CH2Cl2/Et2O 100:0, 9:1, 8:2, 7:3). Deprotected Ketone 25cC (42.7 mg, 63.3 

µmol, 91 %) was obtained as colorless solid. The diastereomers were formed in a 73:27 

ratio (in CDCl3).  = +32.6 (c = 1.00, CHCl3). Melting range: 69–74 °C. Major 

diastereomer: 1H-NMR (CDCl3, 400 MHz): δ = 1.29 (d, J = 6.5 Hz, 3 H), 1.52 (s, 3 H), 

1.60–1.72 (m, 4 H), 1.73–2.19 (m, 6 H), 2.83 (dd, J = 14.2, 6.9 Hz, 1 H), 2.93 (s, 3 H), 3.26 

(dd, J = 14.1, 8.9 Hz, 1 H), 4.14 (m, 2 H), 4.88–4.96 (m, 2 H, 1-H), 5.40 (dd, J = 8.8, 7.0 

Hz, 1 H), 5.76 (bs, 1 H), 6.11 (d, J = 9.0 Hz, 1 H), 6.63 (d, J = 8.4 Hz, 1 H), 6.89 (d, J = 8.3 

Hz, 1 H), 7.05 (d, J = 8.2 Hz, 1 H), 7.15 (m, 2 H), 7.31 (d, J = 2.0 Hz, 1 H), 7.47 (d, J = 9.0 

Hz, 1 H), 8.06 (m, 2 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.8, 17.7, 25.1, 25.5,, 26.6, 

30.2, 31.6, 34.2, 35.1, 45.4, 56.3, 57.3, 64.9, 69.6, 110.1, 116.1, 116.2, 125.9, 129.5, 

129.9, 130.2, 132.3, 132.4, 133.8, 151.4, 166.6, 167.4, 169.1, 172.6, 173.6, 189.3. Minor 

diastereomer (selected signals): 1H-NMR (CDCl3, 400 MHz): δ = 1.24 (d, J = 6.7 Hz, 3 H), 

1.42 (s, 3 H), 2.77 (dd, J = 14.8, 8.7 Hz, 1 H), 2.97 (s, 3 H), 3.90 (m, 1 H), 4.28 (m, 1 H), 

4.67 (m, 1 H), 5.06 (m, 1 H), 5.60 (dd, J = 8.6, 7.4 Hz, 1 H), 5.91 (d, J = 5.5 Hz, 1 H), 6.21 

(d, J = 7.1 Hz, 1 H), 7.18 (m, 2 H), 7.28 (d, J = 1.9 Hz, 1 H), 8.13 (m, 2 H). 13C-NMR 

(CDCl3, 100 MHz): δ = 14.9, 17.8, 26.8, 30.7, 34.5, 35.4, 44.9, 56.3, 57.9, 65.0, 116.1, 

127.0, 129.5, 132.1, 132.2, 151.2.LC-MS: Luna, 0.6 mL/min, 254 nm, MeCN/H2O 7:3, tR = 

2.10 min. HRMS (CI) calcd for: C32H37BrFN3O7
+ [M]+: 673.1793, found: 673.1806. 

Elemental analysis calcd for C32H37BrFN3O7 (674.55): C 56.98, H 5.53, N 6.23, found: C 

57.09, H 5.70, N 6.03. 

 

(6R,9S,19S,15E)-6-(4-Hydroxybenzyl)-7,9,16,19-tetramethyl-1-oxa-4,7,10-triazacyclo-

nonadec-15-en-2,5,8,11-tetraon (29aA) 

According to GP 13 allyl ether 18aA (35.5 mg, 67.3 µmol) was reacted in dry MeOH (1.0 

mL) with quinaldic acid (1.2 mg, 6.73 µmol) as well as Ru-catalyst (2.9 mg, 6.73 µmol). 

After complete deprotection (LC-MS-control, 2 h), DMSO (24 µl, 337 µmol) was added and 

the mixture was stirred over night. The solvent was evaporated in vacuo and the product 

purified by column chromatography (silica gel, CH2Cl2/Et2O 6:4, 1:1). Deprotected Ketone 

29aA (29.5 mg, 60.5 µmol, 90 %) was obtained as colorless solid.  = +10.3 (c = 1.00, 

CHCl3). Melting range: 143–147 °C. 1H-NMR (CDCl3, 400 MHz): δ = 1.22 (d, J = 6.4 Hz, 3 

H), 1.22 (d, J = 6.2 Hz, 3 H), 1.50–1.56 (m, 4 H), 1.62–1.85 (m, 3 H), 1.91 (m, 1 H), 2.01–

2.10 (m, 3 H), 2.20 (m, 2 H), 2.86 (dd, J = 14.5, 8.1 Hz, 1 H), 2.91 (s, 3 H), 3.27 (dd, J = 

14.5, 8.0 Hz, 1 H), 3.42 (dd, J = 17.9, 3.4 Hz, 1 H), 4.39 (dd, J = 17.9, 9.4 Hz, 1 H), 4.78 

(dq, J = 6.5, 6.5 Hz, 1 H), 4.92 (m, 1 H), 5.03 (t, J = 7.1 Hz, 1 H), 5.40 (dd, J = 8.4, 7.6 Hz, 

1 H), 6.74 (d, J = 8.5 Hz, 2 H), 6.79 (dd, J = 9.4, 3.3 Hz, 1 H), 6.97 (d, J = 7.5 Hz, 1 H), 

7.04 (d, J = 8.5 Hz, 2 H), 7.08 (s, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 16.2, 17.2, 19.6, 

25.6, 26.2, 30.2, 31.7, 32.9, 34.6, 35.0, 40.8, 45.9, 56.8, 71.3, 115.5, 125.3, 127.3, 129.9, 

134.4, 155.1, 170.1, 170.2, 173.6, 173.7. LC-MS: Luna, 0.6 mL/min, 254 nm, MeCN/H2O 

7:3, tR = 1.28 min. HRMS (CI) calcd for: C26H37N3O6
+ [M+H]+: 488.2755, found: 488.2741. 
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(6R,9S,19S,15E)-6-(3-Chloro-4-hydroxybenzyl)-7,9,16,19-tetramethyl-1-oxa-4,7,10-

triaza-cyclono-nadec-15-en-2,5,8,11-tetraon (29bA) 

According to GP 13 allyl ether 18bA (35.0 mg, 62.3 µmol) was reacted in dry MeOH (0.9 

mL) with quinaldic acid (1.1 mg, 6.23 µmol)as well as Ru-catalyst (2.7 mg, 6.23 µmol). 

After complete deprotection (LC-MS-control, 1 h), DMSO (22 µl, 312 µmol) was added and 

stirred over night. The solvent was evaporated in vacuo and purified by column 

chromatography (silica gel, CH2Cl2/Et2O 6:4, 1:1). Deprotected Ketone 29bA (32.5 mg, 

62.3 µmol, 99 %) was obtained as colorless solid.  = +5.2 (c = 1.00, CHCl3). Melting 

range: 72–75 °C. 1H-NMR (CDCl3, 400 MHz): δ = 1.23 (d, J = 6.3 Hz, 3 H), 1.28 (d, J = 6.5 

Hz, 3 H), 1.50–1.56 (m, 4 H), 1.62–1.85 (m, 3 H), 1.91 (m, 1 H), 2.01–2.10 (m, 3 H), 2.19 

(m, 2 H), 2.80 (dd, J = 14.4, 7.3 Hz, 1 H), 2.91 (s, 3 H), 3.28 (dd, J = 14.3, 8.5 Hz, 1 H), 

3.40 (dd, J = 18.0, 3.3 Hz, 1 H), 4.40 (dd, J = 17.9, 9.6 Hz, 1 H), 4.82 (dq, J = 6.5, 6.5 Hz, 

1 H), 4.93 (m, 1 H), 5.04 (t, J = 6.9 Hz, 1 H), 5.34 (dd, J = 8.2, 7.6 Hz, 1 H), 6.31 (bs, 1 H), 

6.77 (dd, J = 9.6, 3.2 Hz, 1 H), 6.90 (d, J = 8.3 Hz, 1 H), 6.93 (d, J = 7.7 Hz, 1 H), 7.00 (dd, 

J = 8.4, 2.1 Hz, 1 H), 7.16 (d, J = 2.0 Hz, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 16.2, 17.5, 

19.5, 25.7, 26.2, 30.2, 31.6, 32.9, 34.7, 35.0, 40.8, 45.9, 56.6, 71.3, 116.4, 120.0, 125.3, 

128.7, 129.5, 129.6, 134.4, 150.5, 169.8, 170.2, 173.3, 173.6. LC-MS: Luna, 0.6 mL/min, 

254 nm, MeCN/H2O 7:3, tR = 1.39 min. HRMS (CI) calcd for: C26H36ClN3O6
+ [M]+: 

521.2287, found: 521.2297. 

 

(6R,9S,19R,15E)-6-(3-Bromo-4-hydroxybenzyl)-7,9,16,19-tetramethyl-1-oxa-4,7,10-tri-

azacyclono-nadec-15-en-2,5,8,11-tetraon (29cB) 

According to GP 13 allyl ether 18cB (45.0 mg, 74.2 µmol) was reacted in dry MeOH (1.1 

mL) with quinaldic acid (1.3 mg, 7.42 µmol) as well as Ru-catalyst (3.2 mg, 7.42 µmol). 

After complete deprotection (LC-MS-control, 2 h), DMSO (26 µl, 371 µmol) was added and 

the mixture was stirred over night. The solvent was evaporated in vacuo and the product 

purified by column chromatography (silica gel, CH2Cl2/Et2O 6:4, 1:1). Deprotected Ketone 

29cB (38.3 mg, 67.6 µmol, 91 %) was obtained as pale yellow solid.  = –15.4 (c = 

1.00, CHCl3). Melting range: 72–76 °C. 1H-NMR (CDCl3, 400 MHz): δ = 1.20 (d, J = 6.2 

Hz, 3 H), 1.29 (d, J = 6.5 Hz, 3 H), 1.45–1.53 (m, 4 H), 1.58–1.85 (m, 3 H), 1.95–2.19 (m, 

6 H), 2.79 (dd, J = 14.2, 6.8 Hz, 1 H), 2.87 (s, 3 H), 3.27 (dd, J = 14.2, 8.9 Hz, 1 H), 3.46 

(dd, J = 18.2, 2.9 Hz, 1 H), 4.45 (dd, J = 18.3, 9.2 Hz, 1 H), 4.84–5.02 (m, 3 H), 5.35 (dd, J 

= 8.7, 7.0 Hz, 1 H), 6.33 (bs, 1 H), 6.73 (dd, J = 9.1, 2.6 Hz, 1 H), 6.90 (d, J = 8.3 Hz, 1 H), 

7.03–7.06 (m, 2 H), 7.31 (d, J = 1.9 Hz, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.6, 17.2, 

20.4, 26.2, 26.7, 30.0, 31.5, 32.5, 35.0, 35.1, 40.6, 45.3, 56.6, 70.7, 110.1, 116.2, 126.1, 

129.6, 130.0, 132.5, 134.1, 151.4, 169.3, 170.6, 173.0, 173.2. LC-MS: Luna, 0.6 mL/min, 

254 nm, MeCN/H2O 7:3, tR = 1.64 min. HRMS (CI) calcd for: C26H37BrN3O6
+ [M+H]+: 

566.1860, found: 566.1859. 

 

(6R,9S,E)-6-(3-Bromo-4-hydroxybenzyl)-7,9,16-trimethyl-1-oxa-4,7,10-triazacyclo-

nonadec-15-en-2,5,8,11-tetraon (29cC) 

According to GP 13 allyl ether 18cC (79.5 mg, 134 µmol) was reacted in dry MeOH (2.0 

mL) with quinaldic acid (2.3 mg, 13.4 µmol) as well as Ru-catalyst (5.8 mg, 13.4 µmol). 
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After complete deprotection (LC-MS-control, 1 h), DMSO (48 µl, 670 µmol) was added and 

stirred over night. The solvent was evaporated in vacuo and purified by column 

chromatography (silica gel, CH2Cl2/Et2O 6:4, 1:1). Deprotected Ketone 29cC (74.0 mg, 

134 µmol, 99 %) was obtained as pale yellow solid.  = +1.4 (c = 1.00, CHCl3). Melting 

range: 63–68 °C. 1H-NMR (CDCl3, 400 MHz): δ = 1.28 (d, J = 6.5 Hz, 3 H), 1.56 (s, 3 H), 

1.58–1.83 (m, 4 H), 2.00–2.17 (m, 6 H), 2.81 (dd, J = 14.3, 7.0 Hz, 1 H), 2.90 (s, 3 H), 3.29 

(dd, J = 14.3, 8.8 Hz, 1 H), 3.49 (dd, J = 18.1, 3.2 Hz, 1 H), 3.99 (ddd, J = 10.8, 6.8, 5.7 

Hz, 1 H), 4.33 (ddd, J = 10.7, 8.3, 6.7 Hz, 1 H), 4.44 (dd, J = 18.1, 9.3 Hz, 1 H), 4.85 (dq, J 

= 6.5, 6.5 Hz, 1 H), 5.01 (t, J = 6.9 Hz, 1 H), 5.34 (dd, J = 8.7, 7.1 Hz, 1 H), 5.83 (bs, 1 H), 

6.75 (d, J = 9.3, 2.9 Hz, 1 H), 6.87 (d, J = 8.2 Hz, 1 H), 6.91 (d, J = 8.3 Hz, 1 H), 7.06 (d, J 

= 8.3, 2.0 Hz, 1 H), 7.31 (d, J = 2.0 Hz, 1 H). 13C-NMR (CDCl3, 100 MHz): δ = 15.9, 17.3, 

25.2, 25.9,, 26.7, 30.1, 31.6, 34.4, 35.2, 40.6, 45.6, 56.6, 63.9, 110.1, 116.2, 126.0, 129.7, 

130.2, 132.4, 134.0, 151.3, 169.6, 171.0, 172.9, 173.4. LC-MS: Luna, 0.6 mL/min, 254 nm, 

MeCN/H2O 7:3, tR = 1.22 min. HRMS (CI) calcd for: C25H35BrN3O6
+ [M+H]+: 552.1704, 

found: 552.1732. Elemental analysis calcd for C25H34BrN3O6 (552.46): C 54.35, H 6.20, N 

7.61, found: C 54.21, H 6.26, N 7.11. 

 

 

Biological studies 

 

Pyrene assay 

Pyrene actin was purchased from Hypermol (Bielefeld, Germany) and diluted to a 1mg/mL 

(24 μM) stock solution. Before use, spontaneously formed actin aggregates were removed 

by ultracentrifugation for 1 h at 40,000 rpm and 4 °C. 50 μL samples for the pyrene assay 

consisted of: 30 μL H2O, 10 μL 10 mM MgCl2, 5 μL F-actin Buffer (100 mM Imidazole-Cl 

pH 7.4, 10 mM ATP, Hypermol, Germany) as well as 5 μL DMSO (containing the indicated 

concentrations of MiuA) immediately before the rapid addition of 10 μL pyrene actin to start 

polymerization. Pyrene fluorescence was monitored every 20 s over 1 h in a 96-well 

fluorescence plate reader (Tecan) with 360 nm excitation and emission was recorded at 

400 nm. Positive control is in the presence of MgCl2, negative control in its absence. The 

data points are the means of three independent experiments.  

 

Proliferation assay with HUVECs 

HUVECs (human umbilical vein endothelial cells) are primary cells purchased from 

Promocell, Heidelberg, Germany. The cells are cultured with endothelial growth medium 

(Promocell), supplemented with 10% FCS under constant humidity at 37 °C and with 5% 

CO2. Upon confluency, cells were split in a ratio 1:3 in T25 flasks. Cells were used for 

functional assays at passage 6. 

HUVECs (1.5 × 103 cells/well) were seeded in 96-well plates. After 24 h, cells were treated 

with the indicated concentrations of MiuA and incubated for a further 72 h. Subsequently, 

cells were stained with 100 μL/well Crystal Violet solution (0.5% Crystal Violet and 20% 

methanol in H2O) for 10 min, then washed with H2O and dried. Finally, 100 μL/well Na-

citrate solution (50% ethanol, 50% 0.1 M Na-citrate in H2O) were added, incubated on a 
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shaker for 5 min and measured at 550 nm using a microplate reader (Sunrise, Tecan, 

Maennedorf, Switzerland).  

 

Confocal microscopy 

For fluorescence stainings, cells were rinsed with PBS + Ca2+/Mg2+ followed by 10 min 

fixation with 4% EM grade pFA (Polysciences Inc., Warrington, PA, USA). After 10 min 

washing with PBS, samples were permeabilized for 10 min with 0.5% TX-100 in PBS 

(Roth, Karlsruhe, Germany). After 3 x 10 min washing with PBS, samples were incubated 

with rhodamine phalloidin and Hoechst for 1 hour, washed again 3x 10 min with PBS and 

sealed with one drop of mounting medium. Rhodamine phalloidin and Hoechst 33342 were 

purchased from Sigma (St. Louis, MO, USA) and used at a dilution of 1:400 (phalloidin) or 

at a final working concentration of 0.5 µg/ml (Hoechst). FluorSave Reagent mounting 

medium was purchased from Merck Millipore (Darmstadt, Germany). Images were 

obtained on a Zeiss LSM510 confocal microscope equipped with a 63x oil immersion lens.  
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Figure 1: In vitro actin polymerization assay with pyrene labeled actin 
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Figure 2: In vitro actin polymerization assay with pyrene labeled actin normalized to the 

cellular activity (IC50 of the respective compound in HUVECs, Table 5) 



     

S32 
 

 

Copies of NMR spectra 
 
оΨ 

 
 

 

 
 



     

S33 
 

9a 

 
 

 



     

S34 
 

9b 

 
 

 



     

S35 
 

10a 

 
 

 



     

S36 
 

10b 

 
 

 



     

S37 
 

10d 

 
 

 



     

S38 
 

11a 

 
 

 



     

S39 
 

11b 

 
 

 



     

S40 
 

11d 

 
 

 



     

S41 
 

14d 

 
 

 



     

S42 
 

15aA 

 
 

 



     

S43 
 

15bA 

 
 

 



     

S44 
 

15dA 

 
 

 



     

S45 
 

15cC 

 

 
 

 

 



     

S46 
 

16aA 

 
 

 



     

S47 
 

16bA 

 
 

 



     

S48 
 

16dA 

 
 

 



     

S49 
 

16cC 

 
 

 

 



     

S50 
 

17aA 

 
 

 



     

S51 
 

17bA 

 
 

 



     

S52 
 

17dA 

 
 

 



     

S53 
 

17cC 

 
 

 

 



     

S54 
 

18aA 

 
 

 



     

S55 
 

18bA 

 
 

 



     

S56 
 

18dA 

 
 

 



     

S57 
 

18cC 

 
 

 

 



     

S58 
 

19aA 

 
 

 



     

S59 
 

19bA 

 
 

 

 



     

S60 
 

19dA ς Diastereomer 1 

 
 

 



     

S61 
 

19dA ς Diastereomer 2 
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19dA ς Diastereomer 3 and 4 
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21aA ς (E)-Isomer  
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