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General 

All reactions described as being carried out under nitrogen / argon were performed using 

flame-dried apparatus which were allowed to cool under an inert atmosphere. 

Tetrahydrofuran (THF) was dried by distillation from sodium benzophenone ketyl under 

nitrogen. Triethylamine was dried by distillation from calcium hydride under nitrogen. 

Anhydrous dimethylformamide (DMF) was obtained from Romil (Cambridge, UK). All 

other reagents were used as supplied unless otherwise specified. Organic solvents were 

dried over anhydrous MgSO4, filtered and the solvent removed on a rotary evaporator in 

vacuo. Column chromatography refers to flash column chromatography and was carried 

out on silica gel (Fluka Silica Gel 60 70-230 Mesh, Cat N° 60741). TLC was carried out 

using Merck plates (aluminium coated with 0.2 mm silica gel 60 F254). Plates were 

visualised either by UV light (254 nm) and / or potassium permanganate treatment. 

Characterisation 
1H-NMR spectra were recorded on either an Oxford Gemini 300 (300 MHz) or 400 (400 

MHz) spectrometers. Chemical shifts (δH) are reported in parts per million (p.p.m.) and 

are referenced to the residual solvent peak. J values are given in Hertz. 13C-NMR spectra 

were recorded at 75.45 MHz on a Oxford Gemini 300 MHz spectrometer. Chemical 

shifts (δC) are quoted in p.p.m. and referenced using residual solvent signals. Low 

resolution mass spectra were obtained on a Shimadzu spectrometer (LCMS-2010). High 

resolution mass spectra were obtained by the EPSRC National Mass Spectrometry 

Service at the University of Wales, Swansea. Major peaks are listed with intensities 

quoted as percentages of the base peak. Infrared spectra were recorded using a Perkin 

Elmer 1720 FTIR spectrometer. Melting points were obtained using Stuart Melting Point 

SMP 1 apparatus. 
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Synthesis of 9 

N

N

BocHN CO2Me

NHBoc

CO2Me

9  
To stirred anhydrous DMF (2 mL) was added 6 (130 mg, 0.48 mmol), tetrakis 

(triphenylphosphine)palladium(0) (56 mg, 0.05 mmol) and cuprous iodide (10 mg, 0.05 

mmol). To this solution, under an atmosphere of argon at room temperature, was added 

triethylamine (1 mL, 7.2 mmol) and N-Boc-4-iodo-(S)-tyrosine methyl ester (390 mg, 

0.96 mmol) sequentially. The reaction mixture was stirred at room temperature until TLC 

analysis (n-hexane / ethyl acetate 60 / 40) indicated complete consumption of the starting 

material. Ethyl acetate (10 mL) was added and the solution washed with water (3 x 10 

mL) and brine (10 mL). The organic phase was separated, dried and evaporated. The 

impure reaction mixture was purified via flash column chromatography on silica gel 

using n-hexane / ethyl acetate (60 / 40) as the eluent affording 9 (240 mg, 60%) as a 

yellow solid. Rf (n-hexane / ethyl acetate 70 / 30): 0.17; m.p. 81°C; IR (film) νmax 2925, 

1743, 1713, 1511, 1489, 1366, 1164 cm-1; δH (CDCl3,400 MHz) 7.38 (d, J = 8 Hz, 4H), 

7.30 (d, J = 8.4 Hz, 2H), 7.10-7.06 (m, 8H), 4.96 (d, J = 8 Hz, 2H), 4.67 (d, J = 16.8 Hz, 

2H), 4.57 (dd, J = 8 and 5.6 Hz, 2H), 4.31 (s, 2H), 4.17 (d, J = 16.8 Hz, 2H), 3.70 (s, 

6H), 3.11 (dd, J = 13.5 and 5.6 Hz, 2H), 3.02 (dd, J = 13.5 and 5.6 Hz, 2H), 1.40 (s, 

18H); δC (CDCl3, 75 MHz) 172.3, 155.1, 148.3, 136.3, 131.7, 130.8, 130.3, 129.4, 128.0, 

125.1, 122.1, 118.8, 89.2, 88.5, 80.0, 66.8, 58.4, 54.2, 52.2, 38.2, 28.2 ; MS (ES+) 646.8 

([M+Na]+, 26%), 824.7 ([M+H]+, 8%), 724.7 (19), 668.8 (97), 624.8 (91), 557.8 (100); 

HRMS: found (EI+) [M+H]+, 825.3861. C49H53N4O8 requires [M+H]+, 825.3863. 

 

Synthesis of 10  

N

NI

CO2Et

NHBoc
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To stirred anhydrous DMF (8 mL) was added 4 (777 mg, 1.64 mmol), tetrakis 

(triphenylphosphine)palladium(0) (92 mg, 0.08 mmol) and cuprous iodide (14 mg, 0.08 

mmol). To this solution, under an atmosphere of argon at room temperature, was added 

triethylamine (3.30 mL, 24.58 mmol) and N-Boc-(S)-propargylglycine ethyl ester (395 

mg, 1.64 mmol) sequentially. The reaction mixture was stirred at room temperature until 

TLC analysis (n-hexane / ethyl acetate - 60 / 40) indicated complete consumption of the 

starting materials. Ethyl acetate (20 mL) was added and the solution was washed with 

water (3 x 20 mL) and brine (20 mL). The organic phase was separated, dried and 

evaporated. The impure mixture was purified via flash column chromatography on silica 

gel using n-hexane / ethyl acetate (70 / 30) as the eluent. The 2-[N-Boc-(S)-

propargylglycine ethyl ester]-8-iodo Tröger’s base was returned as a bright yellow 

inseparable mixture of diastereoisomers (270 mg, 28%). Rf (n-hexane / ethyl acetate 70 / 

30): 0.15; IR (film) νmax 3358, 2970, 1739, 1713, 1493, 1370, 1205, 1164, 1060, 1026 cm-

1; δH (CDCl3, 400 MHz) 7.44 (dd, J = 8.4 and 2.0 Hz, 1H), 7.21 (d, J = 2.0 Hz, 1H), 7.16 

(d, J = 8.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.92 (s, 1H), 6.86 (d, J = 8.4 Hz, 1H), 5.33 

(d, J = 8.2 Hz, 1H), 4.60 (d, J = 16.7 Hz, 2H), 4.47 [4.41] (ddd, J = 8.2; 5.2 and 5 Hz, 

1H), 4.23 (m, 4H), 4.09 (d, J = 16.7 Hz, 1H), 4.06 (d, J = 16.7 Hz, 1H), 2.91 [3.10] (dd, J 

= 17.1 and 5.2 Hz, 1H), 2.84 [3.08] (dd, J= 17.1 and 5 Hz, 1H), 1.42 [1.49] (s, 9H), 1.26 

[1.28] (t, J = 7.2 Hz, 3H); δC (CDCl3, 75 MHz) 170.9 [170.5], 155.2, 147.9, 147.8, 136.5, 

135.8, 130.9, 130.43, 130.36, 127.7, 127.1, 124.9, 118.7, 87.5, 83.2 [83.1], 80.2, 80.1, 

66.6, 61.6 [61.8], 58.4, 58.1, 52.2 [52.0], 28.2, 23.8 [23.7], 14.1 [14.0]; MS (Cl/NH3) 

588.2 ( [M+H]+, 62%), 462.4 (100), 386.3 (56), 165.2 (69); HRMS: found (EI+) [M+H]+, 

588.1355. C27H31IN3O4 requires [M+H]+, 588.1354. 
The numbers in brackets [] correspond to data for the minor diastereoisomer when applicable. 
 

N

N

CO2Et

NHBoc

EtO2C

NHBoc

10  
Further elution with n-hexane / ethyl acetate (70 / 30) afforded 10 (110 mg, 10%) as a 

pale yellow oil. Rf (n-hexane / ethyl acetate - 70 / 30): 0.10; IR (film) νmax 2978, 1743, 

1710, 1493, 1370, 1209, 1164 cm-1; δH (CDCl3, 400 MHz) 7.15 (d, J = 8.2 Hz, 2H), 7.01 
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(d, J = 8.2 Hz, 2H), 6.92 (s, 2H), 5.28 (d, J = 8.8 Hz, 2H), 4.61 (d, J = 16.8 Hz, 2H), 4.47 

(td, J = 8.8 and 5 Hz, 2H), 4.26 (s, 2H), 4.20 (q, J = 7.2 Hz, 4H), 4.08 (d, J = 16.8 Hz, 

2H), 2.91 (dd, J = 17 and 5 Hz, 2H), 2.84 (dd, J = 17 and 5 Hz, 2H), 1.42 (s, 18H), 1.26 

(t, J = 7.2 Hz, 6H); δC (CDCl3, 75 MHz) 170.9, 155.2, 148.0, 130,9, 130.4, 127.8, 124.9, 

118.6, 83.1, 80.0, 77.1, 66.7, 61.6, 58.4, 52.2, 28.2, 23.8, 14.1; MS (ES+) 723.3 

([M+Na]+, 100%), 701.3 ([M+H]+, 47%), 579.1 (35), 545.2 (63), 503.2 (47); HRMS: 

found (EI+) [M+H]+, 701.3546. C39H49N4O8 requires [M+H]+, 701.3545. 

 

Synthesis of 11 
N

N

CO2Et

NHBoc
EtO2C

BocHN

11  
To methanol (8 mL) was added 10 (77 mg, 0.11 mmol) and 5% Pd / C (70 mg). The 

solution was put under ‘house vacuum’ and the flask subsequently purged with hydrogen 

via balloon. This process was repeated three times. The reaction mixture was stirred at 

room temperature under an atmosphere of hydrogen (balloon) until TLC analysis (n-

hexane / ethyl acetate - 60 / 40) indicated complete consumption of the starting material. 

The reaction mixture was filtered through Celite® and the methanol evaporated in vacuo. 

The impure mixture was purified via flash column chromatography on silica gel using n-

hexane / ethyl acetate / triethylamine (80 / 20 / 1) as the eluent affording 11 (80 mg, 

100%) as a colourless oil. Rf (n-hexane / ethyl acetate 60 / 40): 0.15; IR (film) νmax 2969, 

2921, 1738, 1708, 1494, 1368, 1164 cm-1; δH (CDCl3, 400 MHz) 7.02 (d, J = 8 Hz, 2H), 

6.93 (dd, J = 8 and 1.8 Hz, 2H), 6.68 (s, 2H), 4.96 (d, J = 8 Hz, 2H), 4.64 (d, J = 16.8 

Hz, 2H), 4.28 (s, 2H), 4.30-4.22 (m, 2H), 4.14 (q, J = 7.2 Hz, 4H), 4.09 (d, J = 16.6 Hz, 

2H), 2.58-2.40 (m, 4H), 1.64-1.53 (m, 8H), 1.41 (s, 18H), 1.22 (t, J = 7.2 Hz, 6H); δC 

(CDCl3, 75 MHz) 173.0, 155.5, 146.0, 137.5, 127.7, 127.5, 126.7, 125.0, 79.8, 66.9, 61.2, 

58.5, 53.2, 34.7, 32.3, 28.2, 26.9, 14.04 ; MS (ES+) 731.7 ([M+Na]+, 26%), 710.0 

([M+H]+, 100%), 553.8 (5), 553.8 (13), 510.0 (8). HRMS: found (EI+) [M+H]+, 

709.4173. C39H57N4O8 requires [M+H]+, 709.4171 
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Synthesis of 12 

N

N

BocHN CO2Me

NHBoc

CO2Me

12  
To methanol (10 mL) was added 9 (112 mg, 0.13 mmol) and 5% Pd / C (100 mg). The 

solution was placed under ‘house vacuum’ and the reaction mixture purged with 

hydrogen (balloon). This process was repeated three times. The reaction mixture was 

stirred at room temperature under an atmosphere of hydrogen (balloon) until TLC 

analysis (n-hexane / ethyl acetate - 70 / 30) indicated complete consumption of the 

starting material. The reaction mixture was filtered through Celite® and the methanol 

evaporated in vacuo. The impure mixture was purified via flash column chromatography 

on silica gel using n-hexane / ethyl acetate / triethylamine (80 / 20 / 1) as the eluent 

affording 12 (105 mg, 93%) as a colourless oil. Rf (n-hexane / ethyl acetate 70 / 30): 

0.15; IR (film) νmax 2925, 1746, 1713, 1493, 1362, 1164 cm-1; δH (CDCl3, 400 MHz) 

7.07, d, J = 8 Hz, 2H), 7.05 (d, J = 6 Hz, 2H), 7.00 (d, J = 8 Hz, 4H), 6.99 (d, J = 6 Hz, 

2H), 6.72 (s, 2H), 4.95 (d, J = 8 Hz, 2H), 4.66 (d, J = 16.8 Hz, 2H), 4.55 (td, J = 8 and 6 

Hz, 1H), 4.30 (s, 2H), 4.12 (d, J = 16.8 Hz, 2H), 3.70 (s, 6H), 3.06 (dd, J = 14 and 6 Hz, 

2H), 2.99 (dd, J = 14 and 6 Hz, 2H), 2.81-2.72 (m, 8H), 1.40 (s, 18H); δC (CDCl3, 75 

MHz) 171.7, 154.3, 145.2, 139.7, 136.7, 132.7, 128.5, 127.7, 126.9, 126.6, 125.9, 124.1, 

79.0, 66.0, 57.7, 53.5, 51.2, 37.0, 36.6, 36.4, 27.3; MS (Cl/NH3) 833.6 ( [M+H]+, 59%), 

733.5 (34), 633.5 (13), 151 (72), 135.1 (100); HRMS: found (ES+) [M+H]+, 833.4479. 

C49H61N4O8 requires [M+H]+, 833.4484.  

 

Synthesis of 13 

a) N-Boc cleavage of 12 

N

N

H2N CO2Me

NH2

CO2Me
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To DCM (8 mL) was added 12 (160 mg, 0.19 mmol) and TFA (0.28 mL, 3.84 mmol). 

The reaction mixture was stirred at room temperature until TLC analysis (n-hexane / 

ethyl acetate - 70 / 30) indicated complete consumption of the starting material. The 

reaction was quenched with a 20% aqueous solution of sodium carbonate (5 mL) and the 

organic component further washed with a 20% aqueous solution of sodium carbonate (10 

mL). The aqueous phase was re-extracted with DCM (3 x 15 mL). The combined organic 

phases were dried and evaporated to afford the N-deprotected product as a white solid 

(100 mg, 82%). 

 

b) Synthesis of 13 from the N-deprotected 12 

N

N

N
H

CO2Me

NH

CO2Me

13

O
BocHN

N

HN

O
NHBocN

HN

 
To DMF (2 mL) was added N(α)-Boc-(S)-histidine (75 mg, 0.31 mmol) and TBTU (100 

mg, 0.31 mmol) under a nitrogen atmosphere. The reaction mixture was stirred at room 

temperature for 5 minutes before the addition of the previously synthesised N-deprotected 

12 in DMF (1 mL). Stirring overnight and subsequent TLC analysis (DCM / methanol - 

97 / 3) indicated complete consumption of the starting material. Ethyl acetate (10 mL) 

was added and the organic phase washed with water (3 x 5 mL). To the combined 

aqueous phases was added 30% aqueous solution of ammonia (5 mL). The resulting 

solution was extracted with ethyl acetate (2 x 10 mL). The combined organic phases were 

dried and evaporated affording 13 (156 mg, 89%) as a pale yellow oil. Rf (DCM / MeOH 

- 97 / 3): 0.21; IR (film) νmax 3412, 1647, 1490, 1388, 1364, 1157 cm-1; δH (CD3OD / 

CDCl3, 400 MHz) 7.75 (s, 2H), 7.1-6.8 (m, 14H), 6.67 (s, 2H), 4.64 (m, 2H), 4.58 (d, J = 

16.6 Hz, 2H), 4.30 (m, 2H), 4.27 (s, 2H), 4.07 (d, J = 16.6 Hz, 2H), 3.62 (s, 6H), 3.15-

2.85 (m, 4H), 2.84-2.70 (m, 12 H), 1.35 (s, 18H); δC (CD3OD / CDCl3, 75 MHz) 172.2, 

171.8, 155.9, 144.8, 140.2, 139.6, 137.8, 134.4, 133.6, 128.8, 128.3, 128.1, 127.4, 127.0, 
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126.6, 124.4, 79.6, 77.3, 66.3, 58.1, 54.1, 53.5, 51.4, 37.1, 36.9, 36.7, 27.4; MS (ES+) 

1107.8 ([M+H]+, 100%), 1007.6 (50), 970.8 (25), 908.0 (50); HRMS: found (EI+) 

[M+H]+, 1107.5663. C61H75N10O10 requires [M+H]+, 1107.5668. 

 

Synthesis of 15 

a) Sonogashira coupling of 2-[N-Boc-(S)-propargylglycine ethyl ester]-8-iodo Tröger 

base with trimethylsilylacetylene 

N

N
Me3Si

CO2Et

NHBoc

 
To stirred anhydrous DMF (1 mL) was added 2-[N-Boc-(S)-propargylglycine ethyl ester]-

8-iodo Tröger base (100 mg, 0.17 mmol), dichlorobis(triphenylphosphine)palladium(II) 

(6 mg, 8.52 μmol) and cuprous iodide (1.6 mg, 8.52 μmol). To this solution was added, 

under an atmosphere of argon at room temperature, triethylamine (1 mL) and 

trimethylsilylacetylene (26 μL, 0.25 mmol) sequentially. The reaction was stirred at room 

temperature until TLC analysis (n-hexane / ethyl acetate - 60 / 40) indicated complete 

consumption of the starting materials. Ethyl acetate (20 mL) was added and the organic 

layer washed with water (3 x 20 mL) and brine (20 mL). The organic phase was 

separated, dried and evaporated. The impure reaction mixture was purified via flash 

column chromatography on silica gel using n-hexane / ethyl acetate (60 / 40) as the eluent 

affording 2-[N-Boc-(S)-propargylglycine ethyl ester]-8-trimethysilylethynyl Tröger base 

as two inseparable diastereoisomeres (56 mg, 59%). 

 

b) Synthesis of 15 from 2-[N-Boc-(S)-propargylglycine ethyl ester]-8-

trimethysilylethynyl Tröger base 

N

N
H

CO2Et

NHBoc

15  
To a mixture of THF and H2O (3 / 0.3 mL) was added 2-[N-Boc-(S)-propargylglycine 

ethyl ester]-8-trimethysilylethynyl Tröger base (113 mg, 0.20 mmol). To this solution 
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was added at 0°C, a solution of TBAF (1M in THF, 0.24 mL). The reaction was stirred at 

room temperature until TLC analysis (n-hexane / ethyl acetate - 70 / 30) indicated 

complete consumption of the starting materials. A saturated aqueous solution of 

ammonium chloride (2 mL) was added and the organic components extracted into ethyl 

acetate (15 mL). The organic phase was separated, dried and evaporated. The impure 

reaction mixture was purified via flash column chromatography on silica gel using n-

hexane / ethyl acetate / trietylamine (80 / 20 / 1) as eluent. 15 was afforded as a 

colourless oil (87 mg, 90%). Rf (n-hexane / ethyl acetate 70 / 30): 0.15. IR (film) νmax  

3427, 1694, 1643, 1487, 1205, 1161 cm-1; δH (CDCl3, 400 MHz) 7.26 (d, J = 8.6 Hz, 

1H), 7.16 (d, J = 7.8 Hz, 1H), 7.04 (d, J = 7.8 Hz, 1H), 7.03(s, 1H), 7.01 (d, J = 8.6 Hz, 

1H), 6.93 (s, 1H), 5.33 (d, J = 8.2 Hz, NH), 4.62 (d, J = 16.4 Hz, 2H), 4.47 (td, J = 8.2 

and 4.8 Hz, 1H), 4.27 (s, 2H), 4.20 (q, J = 7.2 Hz, 2H), 4.10 (d, J = 16.4 Hz, 2H), 2.95 (s, 

1H), 2.91 (dd, J = 16.8 and 4.8 Hz, 1H), 2.84 (dd, J = 16.8 and 4.8 Hz, 1H), 1.28 (s, 9H), 

1.26 (t, J = 7.2 Hz, 3H); δC (CDCl3, 75 MHz) 171.5, 155.8, 149.3, 148.6, 131.8, 131.5, 

131.0, 128.5, 128.3, 125.6, 125.5, 119.2, 118.2, 83.9, 83.8, 80.6, 77.7, 76.9, 67.2, 62.1, 

58.92, 58.90, 52.8, 28.7, 24.3, 14.6; MS (ES+) 485.8 ([M+H]+, 100%), 470.7 (28), 429.7 

(43), 385.7 (80). HRMS: found (EI+) [M+H]+, 486.2396. C29H32N3O4 requires [M+H]+, 

486.2393. 

 

Synthesis of 16 

N

N

CO2Et

NHBoc

CbzHN CO2TMSE
16

 
To stirred anhydrous DMF (2 mL) was added 15 (40 mg, 0.08 mmol), 

tetrakis(triphenylphosphine)palladium(0) (9 mg, 8 x10-3 mmol) and cuprous iodide (1 mg, 

8 x 10-3 mmol). To this solution, under an atmosphere of argon at room temperature, was 

added triethylamine (0.17 mL, 1.24 mmol) and 14 (48 mg, 0.09 mmol) sequentially. The 

reaction mixture was stirred at room temperature until TLC analysis (n-hexane / ethyl 

acetate - 50 / 50) indicated complete consumption of starting materials (approx 12 h). 
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Ethyl acetate (10 mL) was added and the solution washed with water (3 x 10 mL) and 

brine (10 mL). The organic phase was separated, dried and evaporated. The impure 

reaction was purified via flash column chromatography on silica gel using n-hexane / 

ethyl acetate / triethylamine (40 / 60 / 1) as the eluent. 16 was afforded (41 mg, 56%) as a 

yellow oil. Rf (n-hexane / ethyl acetate 50 / 50): 0.19; IR (film) νmax 2955, 1720, 1515, 

1489, 1205 cm-1; δH (CDCl3, 400 MHz) 7.38-7.25 (m, 7H), 7.17 (d, J = 8.2 Hz, 2H), 7.08 

(d, J = 8.4 Hz, 1H), 7.07 (s, 1H), 7.05 (d, J = 8.2 Hz, 2H), 7.03 (d, J = 8.8 Hz, 1H), 6.94 

(s, 1H), 5.35 (d, J = 8.4 Hz, 1H), 5.25 (d, J = 8 Hz, 1H), 5.10 (d, J = 12.2 Hz, 1H), 5.06 

(d, J = 12.2 Hz, 1H), 4.65 (d, J = 17.6 Hz, 1H), 4.63 (d, J = 17.6 Hz, 1H), 4.61-4.55 (m, 

1H), 4.48 (td, J = 4.6 and 8.4 Hz, 1H), 4.28 (s, 2H), 4.20 (q, J = 7.1 Hz, 2H), 4.25-4.17 

(m, 2H), 4.13 (d, J = 17.6 Hz, 2H), 3.13 (dd, J = 5.6 and 13.6 Hz, 1H), 3.05 (dd, J = 6 

and 13.6 Hz, 1H), 2.87 (dd, J = 4.6 and 17.2 Hz, 1H), 2.85 (dd, J = 4.6 and 17.2 Hz, 1H), 

1.43 (s, 9H), 1.27 (t, J = 7.1 Hz, 3H), 0.94 (t, J = 7.8 Hz, 2H), 0.02 (s, 9H); δC (CDCl3, 

75 MHz) 171.5, 170.9, 155.6, 155.2, 148.2, 148.0, 136.3, 136.2, 131.6, 130.8, 130.7, 

130.4, 130.2, 129.4, 128.5, 128.2, 128.1, 127.9, 127.8, 125.0, 124.9, 122.1, 118.7, 118.6, 

89.2, 88.4, 83.2, 83.1, 79.9, 77.2, 66.9, 66.7, 63.9, 61.5, 58.3, 54.7, 52.2, 38.1, 28.1, 23.7, 

17.2, 14.0, -1.8; MS (ES+) 904.9 ([M+Na]+, 29%), 777.8 (25), 756.6 (32), 688.8 (72), 

578.9 (100); HRMS: found (EI+) [M+H]+, 888.4104. C51H59N4O8Si requires [M+H]+, 

883.4102. 

 

Synthesis of 17 

a) TMSE cleavage of 16 

N

N

CO2Et

NHBoc

CbzHN CO2H  
To stirred DMF (0.5 mL) was added 16 (75 mg, 0.08 mmol) and TBAF (1M in THF, 0.21 

mL, 0.21 mmol) at room temperature. The reaction mixture was stirred at room 

temperature until TLC analysis (n-hexane / ethyl acetate - 50 / 50) indicated complete 

consumption of starting materials. Ethyl acetate (5 mL) and water (5 mL) were added and 
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the solution acidified to pH = 3 with 2M HCl. The organic phase was washed with water 

(4 x 5 mL) then brine (5 mL), separated, dried and evaporated affording the desired acid 

(57 mg, 86%). 

 

b) Synthesis of 17 from the previously synthesised carboxylic acid 

N

N

17

O

H
N

NHBoc

CbzHN
CO2Me

CO2Et

 
To stirred DMF (2 mL) was added the previously isolated acid (50 mg, 0.06 mmol), (S)-

valine methyl ester (9 mg, 0.06 mmol) and TBTU (35 mg, 0.1 mmol) under an 

atmosphere of nitrogen. To this solution was added triethylamine (19 μL, 0.14 mmol) at 

room temperature. The reaction mixture was stirred until TLC analysis (n-hexane / ethyl 

acetate - 50 / 50) indicated complete consumption of the starting materials. Ethyl acetate 

(5 mL) was added and the solution washed with saturated aqueous solution of sodium 

bicarbonate (5 mL), 15% aqueous solution of citric acid (5 mL) and then brine (5 mL). 

The organic phase was separated, dried and evaporated. The residue was purified via 

flash column chromatography using n-hexane / ethyl acetate (50 / 50 to 40 / 60) as eluent. 

17 was afforded (32 mg, 60%) as a yellow oil. Rf (n-hexane / ethyl acetate 50 / 50): 0.16; 

IR (film) νmax 3386, 2969, 1738, 1708, 1667, 1514, 1494, 1256, 1208, 1167 cm-1; δH 

(CDCl3, 400 MHz) 7.38 -7.22 (m, 7H), 7.18-7.0 (m, 7H), 6.94 (s, 1H), 6.23 (NH), 5.34 

(2xNH), 5.07 (s, 2H), 4.67-4.60 (m, 1H), 4.65 (d, J = 16.6 Hz, 1H), 4.62 (d, J = 16.6 Hz, 

1H), 4.46 (m, 1H), 4.41 (td, J = 5.2 and 8.8 Hz, 1H), 4.28 (s, 2H), 4.26-4.15 (m, 2H), 

4.12 (d, J = 16.6 Hz, 2H), 3.68 (s, 3H), 3.10-3.00 (m, 2H), 2.92 (dd, J = 8 and 4.4 Hz, 

1H), 2.84 (dd, J = 8 and 4.8 Hz, 1H), 2.05 (septuplet, J = 6.8 Hz, 1H), 1.42 (s, 9H), 1.26 

(t, J = 7.2 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H), 0.80 (d, J = 6.8 Hz, 3H); δC (CDCl3, 75 

MHz) 171.1, 170.8, 170.6, 155.9, 148.1, 147.9, 136.5, 136.1, 131.8, 130.8, 130.7, 130.3, 

130.2, 129.3, 128.5, 128.2, 128.0, 127.8, 127.7, 125.0, 124.89, 122.1, 118.8, 118.6, 89.2, 

88.4, 83.15, 83.10, 80.0, 76.2, 97.0, 66.7, 61.5, 58.3, 57.2, 56.1, 52.2, 52.0, 31.2, 29.5, 

28.1, 23.7, 18.6, 17.5, 14.0; MS (ES+) 896.5 ([M+H]+, 14%), 800.1 (66), 752.8 (100), 
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689.0 (45); HRMS: found (EI+) [M+H]+, 896.4230. C52H58N5O9 requires [M+H]+, 

896.4234. 

 

Synthesis of 18 

a) N-Boc cleavage of 17 

N

N

O

H
N

NH3

CbzHN
CO2Me

CO2Et

CF3CO2-

 
To DCM (1 mL) was added 17 (30 mg, 0.03 mmol) and a 5% DCM solution of TFA (2 

mL) at room temperature. The mixture was stirred for 2h at which point TLC analysis (n-

hexane / ethyl acetate - 50 / 50) indicated complete consumption of the starting material. 

The solvent was removed in vacuo to afford the trifluoroacetate salt (36 mg, 83%). 

 

b) Synthesis of 18 from the trifluoroacetate salt derived from 17  

N

N

CO2Et

HN

CbzHN
18O

HN CO2Me

O

NHBoc

N
NH

 
To stirred DMF (2 mL) was added the previously synthesised trifluoroacetate salt (40 mg, 

0.04 mmol), N(α)-Boc-(S)-histidine (11 mg, 0.04 mmol) and TBTU (24 mg, 0.07 mmol) 

under nitrogen atmosphere. To this solution was added triethylamine (15 μL, 0.1 mmol) 

at room temperature. The reaction mixture was stirred until TLC analysis (n-hexane / 

ethyl acetate - 50 / 50) indicated complete consumption of the starting materials. Ethyl 

acetate (5 mL) was added and the solution washed with saturated aqueous solution of 

sodium bicarbonate (5 mL), 15% aqueous solution of citric acid (5 mL) and brine (5 mL). 

The organic phase was separated, dried and evaporated. The residue was purified via 
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column-chromatography using DCM / methanol (95 / 5) as the eluent. 18 was afforded as 

a pale yellow oil (11 mg, 24%). Rf (DCM / methanol 95 / 5): 0.11; IR (film) νmax 3399, 

1657, 1507, 1490, 1365, 1256, 1208, 1164 cm-1; δH (CDCl3, 400 MHz) 7.30-7-16 (m, 

10H), 7.08-6.94 (m, 6H), 6.85, (s, 1H), 6.75 (s, 1H), 6.26 (NH), 5.73 (NH), 5.32 (2xNH), 

5.01 (s, 2H), 4.59 (d, J = 16.6 Hz, 1H), 4.60-4.54 (m, 1H), 4.57 (d, J = 16.6 Hz, 1H), 

4.37-4.33 (m, 3H), 4.22 (s, 2H), 4.16-4.08 (m, 2H), 4.06 (d, J = 16.6 Hz, 2H), 3.61 (s, 

3H), 3.06-2.70 (m, 6H), 2.10-1.94 (m, 1H), 1.27 (s, 9H), 1.18 (t, J = 6.4 Hz, 3H), 0.77 (d, 

J = 6.8 Hz, 3H), 0.74 (d, J = 6.8 Hz, 3H); δC (CDCl3, 75 MHz) 171.8, 170.7, 170.6, 

155.9, 155.6, 148.2, 148.0, 136.5, 136.1, 135.1, 131.7, 130.82, 130.79, 130.7, 130.4, 

130.2, 129.3, 128.5, 128.2, 128.0, 127.9, 127.8, 125.0, 124.9, 122.0, 118.7, 118.5, 89.1, 

88.5, 83.1, 82.8, 80.1, 77.1, 70.1, 67.0, 66.7, 61.7, 58.4, 57.2, 56.0, 52.0, 51.1, 39.5, 31.0, 

28.1, 28.0, 22.9, 18.6, 17.5, 13.9; MS (ES+) 1033.4 ([M+H]+, 100%), 932.9 (34), 893.9 

(19), 824.8 (26); HRMS: found (EI+) [M+H]+, 1033.4818. C58H65N8O10 requires [M+H]+, 

1033.4814. 

 

Synthesis of 19 

N

N

CO2Et

HN

H2N
19O

HN CO2Me

O

NHBoc

N
NH

 
To methanol (10 mL) was added 18 (10 mg, 0.01 mmol) and 5% Pd/C (10 mg). The 

solution was placed under ‘house vacuum’ and the flask purged with hydrogen (balloon). 

This process was repeated three times. The reaction mixture was stirred at room 

temperature under an atmosphere of hydrogen (balloon) until TLC analysis (DCM / 

methanol 95 / 5) indicated complete consumption of the starting material. The reaction 

was filtered through Celite® and the methanol was evaporated in vacuo. The impure 

reaction product was triturated with n-hexane, which after filtration, afforded 19 as a pale 

brown solid. Rf (DCM / MeOH): 0.11; m.p. 127°C ; IR (film) νmax 3399, 2921, 1735, 

1657, 1494, 1368, 1208, 1161 cm-1; δH (CD3OD, 400 MHz) 7.20- 6.92 (m,10H), 6.80 -
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6.70 (m, 2H), 4.63 (d, J = 17Hz, 1H), 4.61 (d, J = 17Hz, 1H), 4.40 - 4.24 (m, 4H), 4.15 - 

4.08 (m, 4H), 3.60 - 3.70 (m, 4H), 3.13 - 2.68 (m, 8H). 2.60 - 2.40 (m, 2H), 2.20 – 2.05 

(m, 1H), 1.68 - 1.40 (m, 4H), 1.34 (d, 9H), 1.19 (t, J = 7Hz, 3H), 0.95 (d, J = 6.6Hz, 3H), 

0.88 (d, J= 6.6.Hz, 3H); MS (ES+) 928.8 ([M+Na]+, 100%), 906.8 ([M+H]+, 75%), 768.0 

(92), 614.9 (82); HRMS: found (EI+) [M+H]+, 906.5008. C50H66N8O8 requires [M+H]+, 

906.5004. 
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Analytical HPLC of 19 
 
HPLC analysis was performed on a Perkin-Elmer LC-200 series instrument equipped with diode 
array detector using 255nm detection wavelength. Grom PRP-1 analytical column (250 x 4.6 mm 
i.d.) packed poly(styrene-divinylbenzene) on 5 μm silica-gel as a stationary phase was used for 
analysis. The sample solution was prepared in CH3CN (HPLC grade) and filtered through 0.45 
μm membrane filter. The sample was eluted at a flow rate of 2 mL / min using an isocratic 
mixture of acetonitrile (70%) – water (30%). 
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    Peak  RetentionTime (Min) 
   
Sample 19          1.85     
 
    

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


