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Competitive quorum sensing antagonisim (QS) offers a novel strategy for attenuating current multi-drug resistant staphylococcal infections. 

To this end, a series of 10 truncated analogues based on the parent auto-inducing peptides (AIPs) of Staphylococcus lugdunensis (group I & 

II) and Staphylococcus epidermidis (groups I – III) were sequentially assessed against a newly developed Staphylococcus lugdunensis group I

QS reporter strain. The truncated analogues based upon Staphylococcus lugdunensis AIP-1 (1) and AIP-2 (2) displayed respective IC50 values 

of 0.2 ± 0.01 μM and 0.3 ± 0.01 μM whilst the truncated analogue of the S Staphylococcus. epidermidis AIP-1 (3) elicited an IC50 value of 

2.7± 0.1 μM. These findings demonstrate the potential of cognate and ‘cross-talk’ competitive quorum sensing inhibition using truncated 

AIPs as a means of attenuating staphylococcal infections in species beyond Staphylococcus aureus. 
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Biology, Quorum-sensing inhibition assay 

Figure 1. Dose-response curves and tabulated IC50 values for N-acetylated truncated analogues (A) and protected N-acetylated 

truncated analogues (B). Analogues based on S. lugdunensis and S. epidermidis AIP macrocycles are shown in red and blue, 

respectively. In cases where the data could be fit, the IC50 values are listed in the Figure key. 
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Figure 2. OD600 curve for DMSO control and curves for active compound 1 - 3, 12 and 13 which demonstrate that the 

compounds do not inhibit bacterial growth over an 8 hour period.  
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Figure 3: Relative fluorescence units (RFU) curve for a DMSO control and curves for active compound 1 - 3, 12 and 13 which 

demonstrate that the compounds do not inhibit bacterial growth over an 8 hour period. 

In order to assess the ArgC inhibitory activity of the AIP analogues a S. lugdunensis I agr reporter strain, AH4031, was 

constructed by moving agrP3sGFP reporter plasmid pCM40
1
 into S. lugdunensis strain N920143

2
 using the electroporation 

protocol described by Heilbronner and colleagues.
3
 Prior to electroporation into S. lugdunensis N920143, pCM40 was passaged 

through E. coli strain SL01B,
3
 which is engineered to express the specificity (HsdS) and methylation (HsdM) subunits of the S. 

lugdunensis N920143 type I restriction system. 

Overnight cultures of AH4031, that were grown in Tryptic Soy Broth (TSB) supplemented with Cam at a concentration of 10 

g/mL, were inoculated at a dilution of 1:500 into fresh TSB containing Cam. 100 μL aliquots were added to 96-well microtiter 

plates (Costar 3603) and combined with 100 μL aliquots of TSB containing Cam and 2-fold serial dilutions (either 10  to 

0.004 M or 40 M to 0.2 M) of the AIP analogs (dissolved in DMSO). After mixing, the effective inoculum dilution was 

1:1000 and the final AIP concentrations ranged from 5  to 0.002 M or 20 M to 0.1 M, with a final DMSO concentration 

of 2% (v/v) in all wells. Four dilution series were prepared for each AIP, and 4 mock vehicle (DMSO) dilution series were also 

prepared. Microtiter plates were incubated at 37°C with shaking (1000 rpm) in a Stuart SI505 incubator (Bibby Scientific, 

Burlington, NJ) with a humidified chamber. Fluorescence (top reading, 493 nm excitation, 535 nm emission, gain 60) and 
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optical density (OD) readings at 600 nm were recorded at 30 min increments using a Tecan Systems (San Jose, CA) Infinite 

M200 plate reader. Data was transformed into units of percent of vehicle, and IC50’s were obtained by subjecting the 

transformed fluorescent data from 8 hours of growth to four-parameter-logistic fits (4PL) using GraphPad Prism version 6.0g. 

In cases where the fluorescence at the highest AIP concentration tested was insufficient to fully inhibit quorum-sensing the 

bottom baseline was fixed at 0%. 

Chemistry. General Methods. Chemicals and solvents were purchased from standard suppliers and used without further 

purification. Fmoc-protected amino acids were purchase for Auspep as was 2-chlorotrityl chloride resin (loading 1.5 mmol/g) 

and (2-(6-Chloro-1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium hexafluorophosphate) (HCTU). Polymer-bound 1-(3-

Dimethylaminopropyl)-3-ethylcarbodiimide and N-benzyl-N′-cyclohexylcarbodiimide were purchased from Sigma-Aldrich 

with respective loadings of ≈ 1 – 2 mmol/g). The PS-carbodiimde was obtained from biotage (loading 1.27 mmol/g). All 

solvents were used as supplied (analytical, HPLC or peptide grade), without prior purification. Milli-Q water was used for 

chemical reactions. Deuterated DMSO-d6 was purchased from Sigma Aldrich. Reactions were monitored by using analytical 

RP-HPLC and MS. Final compound purity was assessed via analytical HPLC will all biologically evaluated peptides of > 95 % 

purity. 

Mass spectra (ES-TOF) were recorded on a Waters 2795 separation module/Micromass LCTTM platform. 
1
H and 

13
C spectra 

were recorded at 25 °C on a Varian mercury 300 operating at 299.8 MHz and 75.4 MHz respectively. Chemical shifts (δ) are 

reported in parts per million (ppm), referenced to TMS (1H, 0.0 ppm). Coupling constants (J) are recorded in Hz and 

significant multiplicities described by singlet (s), doublet (d), doublet of doublets (dd), doublet of triplets (dt), triplet (t), 

quadruplet (q), broad (br), multiplet (m). Spectra were assigned using appropriate gCOSY sequences. 

Analytical RP-HPLC was performed using a Waters instrument comprised of two 510 pumps, a 486 detector and Millenium
TM

 

software. The systems outlined below were used for purification and to confirm purity. Analytical RP-HPLC was performed 

using Phenomenex Onyx Monolithic reversed-phase C18 column (4.6 x 100 mm). Solvent A: 0.06% TFA in water and solvent 

B: 0.06% TFA in CH3CN:H2O (90:10), flow rate of 1.0 mL/min, gradient 10-100 (%B), curve = 6, over 15.0 mins, and 

detection at 216 nm  and 254 nm (System 1). 

Semi-preparative RP-HPLC was performed using a Waters 2525 binary gradient pump equipped with a water 2487 dual λ 

absorbance detector and a Chromolith®SemiPrep RP-18e 100-10 mm column. A flow rate of 10 mL/min was used with 

solvent A: 0.06% TFA in water and solvent B: 0.06% TFA in CH3CN:H2O (90:10). Gradient 10-75 (%B) over 15 mins, curve 

= 6, with UV detection at 216 nm and 254 nm. 

5



General procedure 1: Fmoc-Phe-2-ClTrt resin; 2-Chlorotritylchloide resin (100-200 mesh), 1% DVB (5.00 g, loading = 1.5 

mmol/g) (Merck Chemicals Ltd. # 8.55017) was swelled in DCM (50.0 mL) for 0.5 h prior to the addition of 4.0 eq. of Fmoc-

Phe-OH (11.62 g, 0.03 mol), and 8.0 eq. of DIPEA (10.45 mL, 0.06 mmol). The resulting suspension was gently stirred at rt for 

2 h before MeOH (5.0 mL) was added. After an additional 20 mins of gentle stirring the resin was filtered and sequentially 

washed with DMF (2 × 50 mL), acetonitrile (2 × 50 mL), hexanes (2 × 50 mL), and DCM (2 × 50 mL). The resin was dried 

overnight under high vacuum and standard UV Fmoc quantification revealed a resin loading of 0.83 mmol/g (loading = 86 %).  

Fmoc Loading Determination; Two samples of pre-loaded dried resin (~10.0 mg each) were each added to a vial containing a 

freshly prepared solution of 20% piperidine in DMF (3.00 mL). The resulting suspensions were gently agitated at rt for 2 h 

after which 300 μL of each resin suspension was transferred to a quartz UV cuvette and an additional 2.70 mL of 20% 

piperidine in DMF was added. A reference cell containing 3.00 mL of 20% piperidine was placed into a UV spectrophotometer 

and reference was set at 290 nm. The absorbance of the cuvettes containing the settled resin was then obtained (290 nm). The 

loading of the resin was then determined using the following equation (final loading = average of the two resin samples): 

Loading (mmol/g) = [(Abssample)/(mg of sample × 1.75)] ×10 

Theoretical loading was determined using the following equation: 

A = B × 1000/[1000 + (B × (M – X))] 

A = theoretical substitution (mmol/g) 

B = substitution of resin (mmol/g) 

M = molecular weight of target peptide (with all protecting groups) 

X = 36 (loss of Cl on amino acid loading)  

Fmoc-Leu-2-ClTrt resin; prepared utilising general procedure 1 with 2-Chlorotritylchloide resin (100-200 mesh), 1% DVB 

(5.00 g, loading = 1.5 mmol/g), 4.0 eq. of Fmoc-Leu-OH (10.60 g, 0.03 mol), and 8.0 eq. of DIPEA (10.45 mL, 0.06 mmol). 

Fmoc quantification revealed a resin loading of 1.07 mmol/g (loading = 94 %). 
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General Procedure 2, Compound 6. Fmoc-Phe-2-Chlorotritylchloide resin (0.14 g, 0.12 mmol, loading = 0.83 mmol/g) was 

placed in an Omnifit™ BenchMark™ column assembly and swelled with DMF (2.5 mL) for 0.5 

h. Utilising a NovaSyn® manual peptide synthesizer Fmoc-depotection and washing was

achieved using 20% piperidine in DMF and DMF (2.8 mL/min) respectively. The column was 

drained and a solution of 4.0 eq. Fmoc-(tBu)Try-OH (0.22 g, 0.48 mmol), 4.0 eq. HCTU (0.19 

g, 0.48 mmol), and 8.0 eq DIPEA (0.16 mL, 3.84 mmol) in DMF (1.5 mL) was added. The 

column was gently agitated at ~40 °C for 1 hour after which the resin was washed (DMF 2.8 

mL/min), Fmoc-deprotected (20% piperidine in DMF 2.8 mL/min), and washed (DMF 2.8 

mL/min). The remaining linear peptide sequence was prepared via subsequent rounds of acylation, washing (DMF 2.8 

mL/min), Fmoc-deprotection (20% piperidine in DMF, 2.8 mL/min), and washing (DMF 2.8 mL/min). Each acylation was 

achieved using a solution of 4.0 eq. HCTU (0.19 g, 0.48 mmol), 8.0 eq DIPEA (0.16 mL, 3.84 mmol), DMF (1.5 mL) at ~40 

°C over 1 hour and 4.0 eq. Fmoc-Ala-OH (0.14 g, 0.48 mmol), and 4.0 eq. Fmoc-(Trt)Asn-OH (0.28 g, 0.48 mmol), and Fmoc-

(Mmt)Cys-OH (0.29 g, 0.48), respectively. The N-terminal Cys-amine was acetyaled via addition of an acetic anhydride (0.27 

mL, 2.94 mmol) DIPEA (0.51 mL, 2.94 mmol) solution. After 0.5 h the resin was washed with MeOH (2 × 5.0 mL), 

acetonitrile (2 × 5.0 mL), hexanes (2 × 5.0 mL), and DCM (2 × 5.0 mL) and dried in vacuo. Concurrent cleavage of the linear 

peptide from the resin and deprotection of the Cys(Mmt) protecting group was achieved via flushing the column with a TFA 

cocktail (10 × 2 mL, DCM:TFA:TIPS 96:2:2). The resulting solution was concerted in vacuo and the residual crude material 

was triturated with ice-cold ether (× 3) to furnish an off-white solid. MS (ESI
+
) m/z 957 (M + 1, 100 %) HRMS (ESI

+
) for 

C53H61N6O9S; calculated 957.4142, found, 957.4146; RP-HPLC Onyx Monolithic C18 100 × 4.6 mm, 40-100% B in 15 min, tR 

9.5 min. 
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General Procedure 3 Compound 7; A suspension of the crude linear peptide and 3.0 eq. of PS-carbodiimide (0.28g, 0.36 

mmol) and CH3Cl (120 mL, 1.0 mM) was then stirred under an atmosphere of nitrogen for 5 h. 

After this period the solution was filtered, concentrated in vacuo, purified via semi-preparative 

RP-HPLC, and lyophilised to afford 7 (12 mg, 10.6 %). (Note; 3 mg of this sample was collect 

for biological analysis) MS (ESI
+
) for C53H59N6O8S; m/z 939.29 (M + 1, 100 %); HRMS (ESI

+
)

for C53H59N6O8S; calculated 939.4037, found, 939.4042; RP-HPLC Onyx Monolithic C18 100 × 

4.6 mm, 10-100% B in 15 min, tR 13.75 min. 
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General Procedure 4; Compound 1; A solution of a TFA (10.0 mL), TIPS (0.25 mL), H2O (0.25 mL), and 7 (9 mg, 0.009 

mmol) was stirred at rt for 6 h. The resulting mixture was concentrated in vacuo and the residual 

crude material was triturated with ice-cold ether (× 3) to furnish an off-white solid. The crude 

material was purified by via semi-preparative RP-HPLC to afford compound 1 (5.2 mg, 85%) as a 

white solid. MS (ESI
+
) for C30H37N6O8S m/z 641.56 (M + 1, 100%); HRMS (ESI

+
); calculated

641.2315, found 641.2309. RP-HPLC Onyx Monolithic C18 100 × 4.6 mm, 10-100% B in 15 

min, tR 6.08 min.
 1

H NMR (300 MHz, DMSO ) δ 9.13 (s, 1H), 8.27 (d, J = 7.6 Hz, 1H), 8.10 (d, J

= 7.7 Hz, 1H), 7.95 (d, J = 7.8 Hz, 1H), 7.93 – 7.88 (m, 2H), 7.43 (s, 1H), 7.30 – 7.14 (m, 5H), 

6.98 (d, J = 8.4 Hz, 3H), 6.60 (d, J = 8.4 Hz, 2H), 4.49 (q, J = 6.7 Hz, 1H), 4.42 – 4.27 (m, 3H), 4.15 – 4.02 (m, 1H), 3.05 (d, J 

= 5.9 Hz, 1H), 3.00 (d, J = 5.8 Hz, 1H), 2.95 – 2.79 (m, 3H), 2.79 – 2.50 (m, 5H), 2.46 – 2.38 (m, 1H), 2.30 (t, J = 8.4 Hz, 1H), 

1.84 (d, J = 3.4 Hz, 3H), 1.07 (d, J = 7.1 Hz, 3H). 
13

C NMR (75 MHz, DMSO ) δ 172.98, 172.35, 172.23, 172.04, 171.38, 

171.09, 170.95, 170.32, 170.12, 156.09, 137.77, 130.52, 129.55, 128.64, 128.35, 126.87, 115.27, 55.51, 54.63, 53.97, 50.26, 

49.14, 37.29, 37.19, 36.72, 26.57, 22.92, 18.23. 
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Compounds 11 & 2; The linear sequence required for compound 11 was prepared using general procedure 2. The residual 

crude material was triturated with ice-cold ether (× 3) to furnish an off-white solid. MS (ESI
+
) 

for C52H59N6O9S; calculated 943.40, found, 943.51. RP-HPLC Onyx Monolithic C18 100 × 4.6 

mm, 40-100% B in 15 min, tR 9.1 min. 
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Compound 11; Compound 11 was synthesised utilizing general produce 3. The crude material was purified via semi-

preparative RP-HPLC, and lyophilised to afford 11 (15 mg, 13.5 %). (Note; 3 mg of this sample 

was collect for biological analysis) MS (ESI
+
) for C52H57N6O8S m/z 925.2 (M + 1, 100%);

HRMS (ESI
+
); calculated 925.3880, found, 925.3497. RP-HPLC Onyx Monolithic C18 100 × 4.6 

mm, 10-100% B in 15 min, tR 13.03 min. 
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Compound 2; Compound 2 was prepared utilizing general procedure 4 with compound 11. The crude material was purified via 

semi-preparative RP-HPLC, and lyophilised to afford 2 (7.2 mg, 88.5 %). MS (ESI
+
) for 

C52H57N6O8S, m/z 627.2 (M + 1, 100%); HRMS (ESI
+
); calculated 627.2159, found, 627.2204. RP-

HPLC Onyx Monolithic C18 100 × 4.6 mm, 10-100% B in 15 min, tR 6.48 min. 
1
H NMR (300

MHz, DMSO ) δ 9.12 (s, 1H), 8.28 (d, J = 7.5 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 8.09 (d, J = 7.8 

Hz, 1H), 7.97 (t, J = 5.5 Hz, 1H), 7.89 (d, J = 8.6 Hz, 1H), 7.39 (s, 1H), 7.28 – 7.16 (m, 5H), 6.98 

(d, J = 8.5 Hz, 2H), 6.59 (d, J = 8.5 Hz, 2H), 4.47 (dd, J = 13.6, 7.0 Hz, 1H), 4.42 – 4.30 (m, 3H), 

3.58 (t, J = 5.9 Hz, 2H), 3.06 (d, J = 5.5 Hz, 1H), 3.01 (d, J = 5.4 Hz, 1H), 2.92 (d, J = 8.7 Hz, 1H), 

2.89 – 2.52 (m, 7H), 2.43 (d, J = 7.0 Hz, 1H), 2.29 (t, J = 8.5 Hz, 1H), 1.85 (s, 3H). 
13

C NMR (75 MHz, DMSO ) δ 173.08, 

172.07, 171.57, 171.46, 170.44, 170.15, 168.63, 156.09, 137.84, 130.55, 129.54, 128.65, 128.35, 126.89, 115.28, 55.50, 54.54,  

54.51, 54.00, 50.39, 42.41, 37.26, 37.14, 37.04, 26.49, 22.92. 
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Compounds 12 & 3; The linear sequence required for 12 was prepared using general procedure 2. The residual crude material 

was triturated with ice-cold ether (× 3) to furnish an off-white solid. MS (ESI
+
) for 

C37H54N5O9S; calculated 744.35, found, 744.55. RP-HPLC Onyx Monolithic C18 100 × 4.6 

mm, 10-100% B in 15 min, tR 10.28 min. 
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Compound 12; Compound 12 was synthesised utilizing general produce 3. The crude material was purified via semi-

preparative RP-HPLC, and lyophilised to afford 12 (12 mg, 13.8 %). (Note; 3 mg of this sample 

was collect for biological analysis) MS (ESI
+
) for C37H52N5O8S, m/z 726.63 (M + 1, 100%);

HRMS (ESI
+
) calculated 726.3458, found, 726.3455. RP-HPLC Onyx Monolithic C18 100 × 4.6 

mm, 10-100% B in 15 min, tR 11.47 min. 
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Compound 3; Compound 3 was prepared utilising general procedure 4 with 12. The crude material was purified via semi-

preparative RP-HPLC, and lyophilised to afford 3 (6.2 mg, 81.5 %). MS (ESI
+
) for C29H36N5O8S

m/z 614.40; HRMS (ESI
+
) calculated 614.2206, found, 614.2231. RP-HPLC Onyx Monolithic C18 

100 × 4.6 mm, 10-100% B in 15 min, tR 6.82 min. 
1
H NMR (300 MHz, DMSO ) δ 9.13 (s, 1H),

8.23 (d, J = 7.8 Hz, 1H), 8.15 (d, J = 7.1 Hz, 1H), 8.07 (d, J = 7.9 Hz, 1H), 7.82 (d, J = 7.7 Hz, 

1H), 7.73 (d, J = 8.2 Hz, 1H), 7.29 – 7.17 (m, 5H), 6.95 (d, J = 8.5 Hz, 2H), 6.58 (d, J = 8.5 Hz, 

2H), 4.45 – 4.30 (m, 3H), 4.30 – 4.16 (m, 2H), 3.05 (d, J = 5.5 Hz, 1H), 3.00 (d, J = 5.4 Hz, 1H), 

2.93 – 2.81 (m, 3H), 2.80 – 2.53 (m, 4H), 2.32 (t, J = 8.4 Hz, 1H), 1.85 (s, 3H), 1.16 (d, J = 7.1 Hz, 3H). 13C NMR (75 MHz, 

DMSO ) δ 173.05, 172.52, 171.26, 170.12, 170.00, 169.88, 156.14, 137.79, 130.57, 129.53, 128.66, 127.93, 126.90, 115.23, 

62.12, 55.40, 54.31, 54.03, 48.77, 37.20, 36.89, 26.62, 22.92, 18.35. 
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Compounds 13 & 4; The linear sequence required for 13 was prepared using general procedure 2. The residual crude material 

was triturated with ice-cold ether (× 3) to furnish an off-white solid. MS (ESI
+
) for 

C54H71N6O10S; calculated 995.49, found, 995.71. RP-HPLC Onyx Monolithic C18 100 × 4.6 

mm, 10-100% B in 15 min, tR 13.91 min. 
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Compound 13; Compound 13 was synthesized utilizing general produce 3. The crude material was purified via semi-

preparative RP-HPLC, and lyophilised to afford 13 (13 mg, 10.9 %). (Note; 3 mg of this sample 

was collect for biological analysis) MS (ESI
+
) for C54H69N6O9S, m/z 977.71 (M + 1, 100%);

HRMS (ESI
+
) calculated 977.4768, found, 977.4719. RP-HPLC Onyx Monolithic C18 100 × 4.6 

mm, 10-100% B in 15 min, tR 15.38 min. 
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Compound 4; Compound 4 was prepared utilising general procedure 4 with 13. The crude material was purified via semi-

preparative RP-HPLC, and lyophilised to afford 4 (4.7 mg, 75.1 %). MS (ESI
+
) for C27H39N6O9S,

m/z 623.3 (M + 1, 100%); HRMS (ESI
+
) calculated 623.2421, found, 623.2425. RP-HPLC Onyx 

Monolithic C18 100 × 4.6 mm, 10-100% B in 15 min, tR 7.08 min. 
1
H NMR (300 MHz, DMSO ) δ

9.16 (s, 1H), 8.10 (d, J = 8.0 Hz, 2H), 8.06 (d, J = 7.4 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H), 7.81 (d, J 

= 8.3 Hz, 1H), 7.33 (s, 1H), 6.98 (d, J = 8.5 Hz, 2H), 6.89 (s, 1H), 6.61 (d, J = 8.5 Hz, 2H), 4.51 – 

4.30 (m, 3H), 4.26 (dd, J = 13.2, 6.0 Hz, 1H), 4.20 – 4.09 (m, 1H), 3.65 – 3.50 (m, 4H), 2.92 (dd, J 

= 14.2, 3.9 Hz, 1H), 2.79 (d, J = 5.3 Hz, 1H), 2.75 (d, J = 5.2 Hz, 1H), 2.69 – 2.56 (m, 2H), 2.44 (d, J = 5.4 Hz, 1H), 2.35 (d, J 

= 7.5 Hz, 1H), 2.30 (d, J = 7.3 Hz, 1H), 1.85 (d, J = 7.0 Hz, 3H), 1.67 – 1.40 (m, 3H), 0.87 (d, J = 6.3 Hz, 2H), 0.82 (d, J = 6.3 

Hz, 3H). 
13

C NMR (75 MHz, DMSO ) δ 174.29, 172.96, 172.88, 172.03, 171.29, 170.85, 170.56, 170.26, 170.09, 156.13, 

130.51, 128.24, 128.20, 115.34, 115.34, 62.04, 55.49, 53.24, 53.02, 50.84, 50.34, 32.85, 26.62, 26.61, 24.64, 23.30, 22.92, 

21.82. 
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Compounds 14 & 5; The linear sequence required for 14 was prepared using general procedure 2. The residual crude material 

was triturated with ice-cold ether (× 3) to furnish an off-white solid. MS (ESI
+
) for 

C34H56N5O9S; calculated 710.37, found, 710.52. RP-HPLC Onyx Monolithic C18 100 × 

4.6 mm, 10-100% B in 15 min, tR 10.03 min. 
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Compound 14; Compound 14 was synthesised utilising general produce 3. The crude material was purified via semi-

preparative RP-HPLC, and lyophilised to afford 14 (16 mg, 18.8 %). (Note; 3 mg of this 

sample was collect for biological analysis) MS (ESI
+
) for C34H54N5O8S m/z 692.46 (M + 1,

100%); HRMS (ESI
+
) calculated 692.3615, found, 692.3620. RP-HPLC Onyx Monolithic 

C18 100 × 4.6 mm, 10-100% B in 15 min, tR 11.43 min. 
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Compound 5; Compound 5 was prepared utilising general procedure 4 with 14. The crude material was purified via semi-

preparative RP-HPLC, and lyophilised to afford 5 (9.1 mg, 71.8 %). MS (ESI
+
) for 

C27H38N5O8S, m/z 580.16; HRMS (ESI
+
) calculated 580.2363, found, 580.2367. RP-HPLC

Onyx Monolithic C18 100 × 4.6 mm, 10-100% B in 15 min, tR 6.55 min. 
1
H NMR (300 MHz,

DMSO ) δ 9.16 (s, 1H), 8.10 (d, J = 8.0 Hz, 2H), 8.06 (d, J = 7.4 Hz, 1H), 8.01 (d, J = 7.8 Hz, 

1H), 7.81 (d, J = 8.3 Hz, 1H), 7.33 (s, 1H), 6.98 (d, J = 8.5 Hz, 2H), 6.89 (s, 1H), 6.61 (d, J = 

8.5 Hz, 2H), 4.51 – 4.30 (m, 3H), 4.26 (dd, J = 13.2, 6.0 Hz, 1H), 4.20 – 4.10 (m, 1H), 3.65 – 

3.49 (m, 6H), 2.92 (dd, J = 14.2, 3.9 Hz, 2H), 2.79 (d, J = 5.3 Hz, 1H), 2.75 (d, J = 5.2 Hz, 

1H), 2.70 – 2.56 (m, 2H), 2.44 (d, J = 5.4 Hz, 1H), 2.35 (d, J = 7.5 Hz, 1H), 2.30 (d, J = 7.3 Hz, 1H), 1.86 (s, 3H), 1.67 – 1.39 

(m, 3H), 0.87 (d, J = 6.3 Hz, 3H), 0.82 (d, J = 6.3 Hz, 3H). 
13

C NMR (75 MHz, DMSO ) δ 176.39, 174.74, 174.59, 173.46, 

172.42, 172.30, 172.18, 172.11, 158.33, 132.76, 130.16, 117.41, 64.30, 57.70, 57.57, 56.42, 52.91, 50.95, 42.51, 38.98, 28.79, 

26.80, 25.46, 25.10, 23.93, 20.65, 20.49. 
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