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1. General Information. All commercial materials (Aldrich, Fluka) were used without further 

purification. All solvents were reagent grade or HPLC grade (Fisher Solvents were dried using 

standard protocols kept under a dry atmosphere of nitrogen. Melting points were determined on a 

capillary point apparatus equipped with a digital thermometer and are uncorrected. 
1
H NMR and 

13
C 

NMR spectra were recorded in CDCl3, DMSO-d6 or CD3OD using a 300 MHz spectrometer (with 

TMS as an internal standard) at ambient temperature unless otherwise stated. Chemical shifts are 

reported in parts per million relative to residual solvent CDCl3 (
1
H, 7.26 ppm; 

13
C, 77.16 ppm), 

DMSO-d6 (
1
H, 2.50 ppm; 

13
C, 39.52 ppm), CD3OD (

1
H, 3.31 ppm; 

13
C, 49.00 ppm). All 

13
C NMR 

spectra were recorded with complete proton decoupling. The data have been reported in order to 

provide the maximum amount of information regarding coupling constants, which has necessarily 

led to integrals reported following a group of peaks in some instances. High-resolution and high-

performance liquid chromatography mass spectral analyses were performed by the University of 

Florida chemistry department facility staff. Reactions were carried out in oven-dried glassware under 

an argon or nitrogen atmosphere unless otherwise noted. All microwave assisted reactions were 

carried out with a single mode cavity Discover Microwave Synthesizer (CEM Corporation, NC). The 

reaction mixtures were transferred into a 10 mL glass pressure microwave tube equipped with a 

magnetic stirrer bar. The tube was closed with a silicon septum and the reaction mixture was 

subjected to microwave irradiation (Discover mode; run time: 60 sec.; PowerMax-cooling mode). 

Analytical TLC was performed on E. Merck silica gel 60 F254 plates and visualized by UV and 

potassium permanganate staining. Flash column chromatography was performed on E. Merck silica 

gel 60 (40–63 mm). Yields refer to chromatographically and spectroscopically pure compounds. 

HPLC-MS analyses were performed on reverse phase gradient Phenomenex Synergi Hydro-RP 

(2.1×150 mm; 5 um) + guard column (2×4 mm) or Thermoscientific Hypurity C8 (5um; 2.1×100 

mm + guard column) using 0.2% acetic acid in H2O/methanol as mobile phases; wavelength = 254 

nm; and mass spectrometry was done with electro spray ionization (ESI). 
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Experimental Procedure  

Procedure for preparation of isodipeptide 3 

DBU (0.78 g, 5.10 mmol) was added dropwise to a stirred solution of N
α
-Boc-L-Trp-OBn (2.00 g, 

5.07 mmol) and Cbz-L-Ala-Bt (1.64 g, 5.07 mmol) in dry MeCN (30 mL) at 23 °C. The reaction 

mixture was stirred overnight at this temperature. After that the solvent was evaporated under 

reduced pressure and the residue was recrystallized from hot hexanes to give N
α
-Boc-L-Trp(Cbz-L-

Ala)-OBn 3 (2.37 g, 3.95 mmol).  

 

N
α
-Boc-L-Trp(Z-L-Ala)-OBn (3) 

White microcrystals, 78% yield, mp 64–66 °C; 
1
H NMR (300 MHz, CDCl3) δ 

8.41 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 7.0 Hz, 1H), 7.36–7.19 (m, 14H), 5.79 (d, 

J = 7.7 Hz, 1H), 5.23–4.88 (m, 5H), 4.76–4.71 (m, 1H), 3.29–3.15 (m, 2H), 

1.47–1.42 (m, 12H). 
13

C NMR (75 MHz, CDCl3) δ 171.6, 170.9, 155.5, 155.2, 

136.3, 136.0, 135.1, 130.7, 128.7, 128.6, 128.3, 128.2, 125.8, 124.3, 122.3, 

119.1, 118.5, 116.9, 80.3, 67.3, 67.2, 53.7, 49.6, 28.4, 28.1, 19.7. Anal. Calcd 

for C34H37N3O7: C, 68.10; H, 6.22; N, 7.01. Found C, 67.71; H, 6.40; N, 7.35. 

 

Procedure for preparation of hydrogen chloride of unprotected isodipeptide 4 

N
α
-Boc-L-Trp-OBn 3 (0.40 g, 0.67 mmol) was dissolved in 4N HCl solution in 1,4–dioxane (15 ml) 

at 23 °C and stirred for 4 h. Reaction mixture was evaporated and recrystallized from diethyl ether to 

give L-Trp(Cbz-L-Ala)-OBn hydrogen chloride 4 (0.32 g, 0.60 mmol). Yield 90%. 
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L-Trp(Z-L-Ala)-OBn hydrogen chloride (4) 

Light brown microcrystals, 90% yield, mp 143–145 °C; 
1
H NMR (300 

MHz, CD3OD) δ 8.43 (d, J = 7.6 Hz, 1H), 7.81 (s, 1H), 7.65–7.54 (m, 1H), 

7.32–7.02 (m, 13H), 5.18–5.01 (m, 5H), 4.50 (t, J = 6.7 Hz, 1H), 3.40 (d, J 

= 6.5 Hz, 2H), 1.44 (d, J = 7.1 Hz, 3H). 
13

C NMR (75 MHz, CD3OD) δ 

173.1, 169.9, 158.2, 137.9, 137.4, 135.8, 130.9, 129.5, 129.4, 129.3, 128.9, 

128.7, 126.6, 125.6, 125.1, 119.6, 117.8, 116.3, 69.3, 67.7, 53.8, 50.9, 

27.0, 18.1. Anal. Calcd for C29H30ClN3O5: C, 64.98; H, 5.64; N, 7.84. Found C, 64.60; H, 5.83; N, 

7.57. 

 

General procedure for preparation of isotripeptides 8a-c 

L-Trp(Cbz-L-Ala)-OBn hydrogen chloride 4 (0.54 g, 1.0 mmol) and benzotriazolide of Boc-protected 

α-, β- or γ-amino acids 7a-c (1.0 mmol) were dissolved in MeCN (15 mL) at ice-bath cooling and 

then DIPEA (0.52 mL, 3.0 mmol) was added to the mixture. The reaction was stirred for 2 h at 0 
°
C 

and 8 h at room temperature. After completion of the reaction solvent was concentrated under 

reduced pressure. The crude product was dissolved in 50 mL of EtOAc and washed with saturated 

solution of sodium carbonate. Organic layer was dried over magnesium sulfate. Evaporation and then 

recrystallization from diethyl ether gave corresponding isotripeptides 8a-c. 

 

Boc-Gly-L-Trp(Z-L-Ala)-OBn (8a) 

White microcrystals, 76% yield, mp 75–76 °C; 
1
H NMR (300 MHz, 

CDCl3) δ 8.41 (d, J = 7.7 Hz, 1H), 7.50–7.08 (m, 15H), 6.12 (d, J = 8.4 

Hz, 1H), 5.18–4.88 (m, 6H), 3.99–3.55 (m, 2H), 3.28–3.13 (m, 2H), 1.44 

(d, J = 6.5 Hz, 3H), 1.33 (s, 9H). 
13

C NMR (75 MHz, CDCl3) δ 170.9, 
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169.8, 169.7, 156.2, 155.7, 136.0, 135.8, 134.8, 130.4, 128.5, 128.4, 128.1, 128.0, 125.5, 124.0, 

123.0, 118.7, 117.4, 116.8, 79.9, 67.4, 67.1, 52.0, 49.2, 44.3, 28.1, 27.1, 18.9. Anal. Calcd for 

C36H40N4O8: C, 65.84; H, 6.14; N, 8.53. Found C, 65.44; H, 6.22; N, 8.44. 

 

Boc-β-Ala-L-Trp(Z-L-Ala)-OBn (8b) 

White microcrystals, 63% yield, mp 126–128 °C; 
1
H NMR (300 MHz, 

CD3OD) δ 8.39 (d, J = 8.3 Hz, 1H), 7.53 (d, J = 8.1 Hz, 1H), 7.36–7.08 (m, 

15H), 5.21–4.95 (m, 6H), 3.39–3.11 (m, 4H), 2.41 (t, J = 6.5 Hz, 2H), 1.49–

1.33 (m, 12H). 
13

C NMR (75 MHz, CD3OD) δ 173.8, 172.9, 172.7, 158.2, 

158.1, 138.0, 137.3, 136.8, 131.6, 129.4, 129.4, 128.9, 128.8, 126.3, 124.9, 

124.3, 119.8, 119.1, 117.7, 80.1, 68.1, 67.8, 53.8, 50.8, 37.9, 36.9, 28.7, 

28.1, 18.3. Anal. Calcd for C37H42N4O8: C, 66.25; H, 6.31; N, 8.35. Found C, 66.04; H, 6.27; N, 

8.10. 

 

Boc-GABA-L-Trp(Cbz-L-Ala)-OBn (8c) 

White microcrystals, 67% yield, mp 134–136 °C; 
1
H NMR (300 MHz, 

CD3OD) δ 8.38 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 7.0 Hz, 1H), 7.35–7.10 

(m, 14H), 5.16–4.91 (m, 6H), 3.39–3.13 (m, 2H), 2.97 (t, J = 6.9 Hz, 2H), 

2.20 (q, J = 7.4 Hz, 2H), 1.73–1.59 (m, 2H), 1.43–1.39 (m, 12H). 
13

C 

NMR (75 MHz, CD3OD) δ 175.6, 172.9, 172.8, 158.4, 158.2, 138.1, 

137.4, 136.8, 131.7, 129.5, 129.4, 129.0, 128.8, 126.3, 124.9, 124.2, 

119.8, 119.3, 117.7, 79.9, 68.1, 67.8, 53.9, 50.9, 40.7, 34.0, 28.8, 28.0, 27.2, 18.2. Anal. Calcd for 

C38H44N4O8: C, 66.65; H, 6.48; N, 8.18. Found C, 66.36; H, 6.37; N, 8.02. 
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General procedure for preparation of hydrogen chlorides of unprotected isodipeptides 9a-c 

Boc-protected isotripeptides 8a-c (1.00 mmol) was dissolved in 4N HCl solution in 1,4–dioxane (15 

ml) at 23 °C and stirred for 4 h. Reaction mixture was evaporated and recrystallized from diethyl 

ether to give corresponding hydrogen chloride salts of unprotected isodipeptides 9a-c. 

 

Gly-L-Trp(Z-L-Ala)-OBn hydrogen chloride (9a) 

White microcrystals, 94% yield, mp 64–66 °C; 
1
H NMR (300 MHz, 

CD3OD) δ 8.39 (d, J = 7.6 Hz, 1H), 7.65 (s, 1H), 7.55 (d, J = 7.4 Hz, 

1H), 7.36–7.10 (m, 12H), 5.15–4.96 (m, 6H), 3.72 (s, 2H), 3.33–3.15 

(m, 2H), 1.44 (d, J = 6.9 Hz, 3H). 
13

C NMR (75 MHz, CD3OD) δ 173.0, 

172.3, 167.2, 158.3, 138.0, 137.4, 136.7, 131.6, 129.5, 129.4, 129.0, 

128.7, 126.4, 125.0, 124.5, 119.8, 118.8, 117.7, 68.3, 67.8, 53.8, 41.5, 

28.7, 28.2, 18.2. HRMS (ESI) calcd for C31H33ClN4O6 [M – HCl + H]
+
 557.2395, found 557.2410. 

 

β-Ala-L-Trp(Cbz-L-Ala)-OBn hydrogen chloride (9b) 

White microcrystals, 92% yield, mp 130–133 °C; 
1
H NMR (300 MHz, 

CD3OD) δ 8.39 (d, J = 7.9 Hz, 1H), 7.65 (s, 1H), 7.55 (d, J = 6.6 Hz, 1H), 

7.36–7.22 (m, 10H), 7.18–7.12 (m, 2H), 5.23–4.87 (m, 6H), 3.42–3.16 (m, 

2H), 3.12 (t, J = 6.2 Hz, 2H), 2.64 (t, J = 6.8 Hz, 2H), 1.43 (d, J = 7.0 Hz, 

3H). 
13

C NMR (75 MHz, CD3OD) δ 173.0, 172.7, 172.2, 158.2, 138.0, 

137.4, 136.8, 131.7, 129.5, 129.4, 129.0, 128.7, 126.3, 124.9, 124.4, 

119.8, 119.1, 117.7, 68.2, 67.8, 53.8, 50.8, 36.9, 32.5, 28.1, 18.2. HRMS (ESI) calcd for 

C32H35ClN4O6 [M – HCl + H]
+
 571.2551, found 571.2547. 
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GABA-L-Trp(Z-L-Ala)-OBn hydrogen chloride (9c) 

White microcrystals, 94% yield, mp 85–88 °C; 
1
H NMR (300 MHz, 

CD3OD) δ 8.38 (d, J = 7.9 Hz, 1H), 7.65 (s, 1H), 7.54 (d, J = 7.5 Hz, 1H), 

7.37–7.11 (m, 12H), 5.18–4.94 (m, 5H), 3.41–3.13 (m, 2H), 2.93–2.79 (m, 

2H), 2.43–2.30 (m, 2H), 1.95–1.79 (m, 2H), 1.43 (d, J = 6.9 Hz, 3H). 
13

C 

NMR (75 MHz, CD3OD) δ 174.5, 172.9, 172.7, 158.2, 138.0, 137.3, 

136.8, 131.6, 129.5, 129.4, 129.0, 128.7, 126.3, 124.9, 124.2, 119.8, 

119.3, 117.6, 68.1, 67.8, 53.8, 50.9, 40.2, 33.3, 28.0, 24.3, 18.2. HRMS (ESI) calcd for 

C33H37ClN4O6 [M – HCl + H]
+
 585.2708, found 585.2711. 
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SPECTRA (
1
H, 

13
C, CHN or MS) 

N
α
-Boc-L-Trp(Cbz-L-Ala)-OBn (3) 
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L-Trp(Cbz-L-Ala)-OBn hydrogen chloride (4) 
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Boc-Gly-L-Trp(Cbz-L-Ala)-OBn (8a) 
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Boc-β-Ala-L-Trp(Cbz-L-Ala)-OBn (8b) 
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Boc-GABA-L-Trp(Cbz-L-Ala)-OBn (8c) 
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Gly-L-Trp(Cbz-L-Ala)-OBn hydrogen chloride (9a) 
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β-Ala-L-Trp(Cbz-L-Ala)-OBn hydrogen chloride (9b) 
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GABA-L-Trp(Cbz-L-Ala)-OBn hydrogen chloride (9c) 
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HRMS of Ligated Product 10c  
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HPLC chromatograms and ESI-MS 

 

General procedure for chemical ligation of N-acyl-isotripeptide 9b,c in buffer 

Isotripeptide (9b,c) (0.20 mmol) was suspended in deoxygenated phosphate buffer 

(NaH2PO4/Na2HPO4) (1M, pH = 7.4, 7 mL). The mixture was irradiated with microwave (50 °C, 50 

W, 3 h) in a microwave tube. The reaction was allowed to cool to room temperaturet and acidified 

with 2N HCl to pH = 1. The mixture was extracted with ethyl acetate (3×20 mL), the combined 

organic extracts were dried over MgSO4 and the solvent was removed under reduced pressure. The 

ligation mixture was weighed and then a solution in methanol (1 mg mL
-1

) was analysed by HPLC-

MS. 

 

General procedure for chemical ligation of N-acyl-isotripeptide 9a-c in DMF-piperidine 

Isotripeptide (9a-c) (0.20 mmol) was dissolved in the mixture of DMF-piperidine (5mL/1.5mL). The 

mixture was irradiated with microwave (50 °C, 50 W, 3 h) in a microwave tube. The reaction was 

allowed to cool to room temperaturet and acidified with 2N HCl to pH = 1. The mixture was 

extracted with ethyl acetate (3×20 mL), the combined organic extracts were dried over MgSO4 and 

the solvent was removed under reduced pressure. The ligation mixture was weighed and then a 

solution in methanol (1 mg mL
-1

) was analysed by HPLC-MS. 
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HPLC chromatograms and ESI-MS for chemical ligation of 9b,c in buffer 

Summary Chromatogram: HPLC/(+)ESI-MS integrated ion-peaks for the 9b (top, rt 48.9), 10b (top, 

rt 59.2), and 11b (bottom, rt 65.5). 

SEQ-18712-01 9/13/2012 5:44:20 PM 2005(10TS-LP), 5 uL

XTerra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

RT: 45.41 - 69.39
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sid=2.00  Full ms 

[290.00-1000.00]  MS 

SEQ-18712-01

NL: 6.31E8

m/z= 

570.7-573.7+

592.8-595.8 F: + c ESI 

sid=2.00  Full ms 

[290.00-1000.00]  MS 

SEQ-18712-01

NL: 1.92E8

m/z= 

616.7-619.7+

731.8-734.8 F: + c ESI 

sid=2.00  Full ms 

[290.00-1000.00]  MS 

SEQ-18712-01

NL: 3.78E8

m/z= 

775.6-778.6+

797.9-802.9 F: + c ESI 

sid=2.00  Full ms 

[290.00-1000.00]  MS 

SEQ-18712-01

NL: 9.95E-1

UV  Analog 

SEQ-18712-01

 

(+)ESI–MS/MS/MS of the m/z 571 [M+H]+ ions 9b (top), 10b (middle) and of m/z 776 [M+H]+ ion 

11b (bottom). 

SEQ-18712-01 9/13/2012 5:44:20 PM 2005(10TS-LP), 5 uL

XTerra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

SEQ-18712-01 #2173-2238 RT: 49.59-50.48 AV: 8 NL: 1.27E7

T: + c sid=3.00  d Full ms3 571.20@cid37.50 456.19@cid37.50 [115.00-920.00]
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SEQ-18712-01 #2674-2725 RT: 59.02-59.66 AV: 6 NL: 5.89E6

T: + c sid=3.00  d Full ms3 571.20@cid37.50 527.17@cid37.50 [135.00-1060.00]
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SEQ-18711-01 #2124-2242 RT: 48.02-49.31 AV: 15 NL: 1.85E7

T: + c sid=3.00  d Full ms3 571.20@cid37.50 456.25@cid37.50 [115.00-920.00]
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SEQ-18712-01 9/13/2012 5:44:20 PM 2005(10TS-LP), 5 uL

XTerra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

SEQ-18712-01 #3007-3071 RT: 64.94-65.65 AV: 8 NL: 6.08E7

F: + c ESI sid=2.00  Full ms2 776.30@cid37.50 [210.00-800.00]

200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

732.3

733.3

571.2 668.1617.3 661.2527.2
688.3 734.2500.1 624.2572.2553.1456.2 590.2385.1 528.3 689.3475.2368.2 525.2

SEQ-18712-01 #3009-3067 RT: 64.95-65.56 AV: 7 NL: 8.74E6

T: + c sid=2.00  d Full ms3 776.30@cid37.50 732.28@cid37.50 [190.00-1470.00]

200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780
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527.1
688.3

661.1
618.2

689.2

546.2
475.1

385.1
458.2 662.1

368.1
624.2456.2 553.0 590.1

525.1476.2 571.1509.1
339.0 386.1 591.2 625.1459.2419.1 429.1 572.2367.1 369.1310.2 482.1233.1 249.0 599.3296.2
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Summary Chromatogram: HPLC/(+)ESI-MS integrated ion-peaks for the 9c (rt 48.9), 10c (rt 59.5). 

SEQ-18713-01 9/13/2012 9:48:01 PM 2005 (11TS-LP); 5 uL

XTerra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

RT: 41.76 - 74.32
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MW 584-C

or fragment ion?

2005(11TS-LP)

MW 584-B

2005(11TS-LP)

MW 584-A

RT: 48.85

BP: 585.2

RT: 59.51

BP: 585.2

49.23

585.2

49.87

585.2

59.90

585.1
65.85

585.2

MW 584-SM-B

or fragment ion?

2005(11TS-SM)

MW 584-SM

RT: 49.80

BP: 585.2

49.25

585.248.79

585.2

48.60

585.2

48.42

585.2
50.27

585.2

51.01

585.2

65.45

585.2

NL: 1.42E9

m/z= 584.7-585.7 

F: + c ESI sid=2.00  

Full ms 

[290.00-1000.00]  

MS SEQ-18713-01

NL: 1.29E9

m/z= 584.7-585.7 

F: + c ESI sid=2.00  

Full ms 

[290.00-1000.00]  

MS SEQ-18711-01

 

 

(+)ESI-MS of 9c (top) and 10c (bottom). 

SEQ-18713-01 9/13/2012 9:48:01 PM 2005 (11TS-LP); 5 uL

XTerra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

SEQ-18713-01 #2155-2310 RT: 48.47-50.77 AV: 19 SB: 3 64.51-64.94 NL: 9.27E8

T: + c ESI sid=2.00  Full ms [290.00-1000.00]
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586.3

568.2

607.3
368.2 500.1 569.2456.2 608.3541.2385.1 478.2363.1 524.2

SEQ-18713-01 #2814-2853 RT: 59.26-59.77 AV: 5 NL: 1.21E8

T: + c ESI sid=2.00  Full ms [290.00-1000.00]
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607.3

585.1

541.2

608.3

586.2
542.2

368.1 470.1385.1 609.3
722.3 976.9896.2339.2 477.1 587.3 700.2495.2405.2 522.3453.1 543.3 683.2310.1 657.2612.3567.4 738.1363.3 636.3 906.3433.2

SEQ-18711-01 #2142-2374 RT: 48.23-50.83 AV: 29 NL: 8.56E8

T: + c ESI sid=2.00  Full ms [290.00-1000.00]
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571.2

568.2

607.3
368.1 500.1456.2

608.3385.0 541.3 593.3478.2363.2 527.2 718.8
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11c (MW 789) eluted at RT 65 min (bottom) and produced the (+)ESI-MS (top). 
SEQ-18713-01 9/13/2012 9:48:01 PM 2005 (11TS-LP); 5 uL

XTerra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

SEQ-18713-01 #3164-3212 RT: 65.24-65.75 AV: 6 SB: 5 64.70-65.04 , 66.71-66.99 NL: 4.99E7

T: + c ESI sid=2.00  Full ms [290.00-1000.00]

300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840

m/z

0
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20

30

40
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60

70
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e
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e

 A
b

u
n

d
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n
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e

790.1

812.3

746.3

791.1

747.3
631.3

585.2
813.4707.2

809.6
814.3

586.3541.2
632.3 675.2 708.3 748.3 792.2651.1568.2

369.4 676.3
815.3500.9 703.2542.2 590.7569.4 721.3339.8 386.3 458.5 793.2478.1 515.0 845.7310.0 653.2 749.4 780.6

RT: 61.49 - 71.76

61.5 62.0 62.5 63.0 63.5 64.0 64.5 65.0 65.5 66.0 66.5 67.0 67.5 68.0 68.5 69.0 69.5 70.0 70.5 71.0 71.5

Time (min)

0.5

In
te

n
s
it
y

50

100

50

100

0

50

100

65.13

790.4
65.55

790.1
65.85

790.2

66.17

790.1
66.39

790.1
68.10

790.0

66.89

789.9
71.67

790.4

67.13

789.8
68.72

789.6

67.48

790.0

71.16

790.3

68.35

790.2
69.09

790.1

69.71

789.9
70.24

789.9

70.63

790.0

65.09

746.3
65.71

746.3

67.19

746.3
68.42

746.3
68.79

746.3

69.16

746.3

69.53

746.3

65.10

631.2
65.62

631.3
65.92

631.2

69.06

1479.6
67.33

631.2
67.94

631.3

68.18

631.3

68.44

631.2
69.55

631.2

65.54

0.0

65.36

0.0

65.18

0.0 66.52

0.0
66.44

0.065.08

0.0
67.69

0.0

67.49

0.0
68.10

0.0

69.86

0.0

64.27

0.0

68.64

0.0

64.86

0.0

63.40

0.0

62.17

0.0

63.11

0.0

62.86

0.0

69.68

0.0

64.12

0.0

62.00

0.0

70.33

0.0

70.80

0.0

71.75

0.0

NL: 8.30E7

m/z= 789.5-790.5 F: + c ESI 

sid=2.00  Full ms 

[290.00-1000.00]  MS 

SEQ-18713-01

NL: 9.61E7

Base Peak F: + c ESI 

sid=3.00  Full ms2 

789.20@cid37.50 

[215.00-800.00]  MS 

SEQ-18713-01

NL: 1.70E7

Base Peak F: + c sid=3.00  d 

Full ms3 789.20   MS 

SEQ-18713-01

NL: 9.95E-1

UV  Analog SEQ-18713-01
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HPLC chromatograms and ESI-MS for chemical ligation of 9a-c in DMF-piperidine 

Summary Chromatogram: HPLC/(+)ESI-MS integrated ion-peaks for the 9a (top, rt 48.2), 10a (top, 

rt 57.3), and 11a (bottom, rt 63.16). 

SEQ-18847-01 10/18/2012 6:35:18 PM 2005(9TS-LP); 5 uL

Xterra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

RT: 39.83 - 70.91
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d
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n
c
e

MW 556-LP
MW 556-SM

RT: 48.15

MA: 2308796734

BP: 579.2

RT: 57.26

MA: 2824941583

BP: 579.1

MW 761

RT: 63.16

MA: 1222996995

BP: 784.3

NL: 7.05E7

m/z= 

512.6-513.6+

556.6-557.6+578.6-579.6 

F: + c ESI sid=2.00  Full 

ms [450.00-1000.00]  MS 

SEQ-18847-01

NL: 3.20E7

m/z= 

761.6-762.6+783.8-784.8 

F: + c ESI sid=2.00  Full 

ms [450.00-1000.00]  MS 

SEQ-18847-01

 

(+)ESI-MS spectra of 10a (top) and 9a (bottom). 

SEQ-18847-01 10/18/2012 6:35:18 PM 2005(9TS-LP); 5 uL

Xterra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

SEQ-18847-01 #2029-2049 RT: 48.03-48.15 AV: 2 SB: 3 47.38-47.70 NL: 4.28E7

T: + c ESI sid=2.00  Full ms [450.00-1000.00]

450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700

m/z

0
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40
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R
e
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b
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n

d
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n
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557.1

579.2

558.1
513.1

580.2

568.9470.6 514.3 676.5487.0 549.4537.1 651.2573.6 654.7559.2456.3 627.4497.7 695.4518.3 607.2 644.9544.6 636.3 690.8664.5526.6 672.1625.4474.9 500.9465.4 618.9601.4 687.7597.0588.8508.6

SEQ-18847-01 #2497-2529 RT: 57.26-57.65 AV: 4 SB: 5 56.64-56.97 , 58.42-58.86 NL: 3.86E7

T: + c ESI sid=2.00  Full ms [450.00-1000.00]

450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690

m/z
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579.2

580.2

520.2
576.3

563.7
568.8 620.1557.0522.2 581.2

480.3 625.3 634.2499.7 660.4597.1513.0 656.2604.3595.2 682.2547.4 639.2 665.4456.0 586.2 611.8558.1477.2 497.0 538.7 550.9490.3 504.3 671.1 689.0569.6463.2 648.2524.8 536.3 694.4

SEQ-18846-01 #1963-1991 RT: 47.48-47.73 AV: 3 SB: 2 46.86-47.01 , 49.15-49.28 NL: 7.12E8

T: + c ESI sid=2.00  Full ms [450.00-1000.00]

450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690
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513.1
579.1

514.2 580.2559.0556.4 655.1456.1 500.0 576.6535.2495.2 660.7628.0467.1 504.9 651.9482.2 538.8 569.4 677.6632.1602.2588.0552.1 668.8 696.8638.6519.4 615.7477.0
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(+)ESI-MS of 11a. 

SEQ-18847-01 10/18/2012 6:35:18 PM 2005(9TS-LP); 5 uL

Xterra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

SEQ-18847-01 # 2819-2855 RT: 63.16-63.58 AV: 4 SB: 6 62.05-62.50 , 64.56-65.10 NL: 2.02E7

T: + c ESI sid=2.00  Full ms [450.00-1000.00]

460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840 860 880 900 920 940 960 980 1000

m/z
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784.3

727.2
785.2

726.1

718.2
786.3 825.2590.0

728.3 762.1603.2 826.3768.9626.3456.9 583.1 839.3661.1 738.3568.5 801.6792.5623.4 666.1527.3 866.3746.9504.9 508.3 697.5 853.1 914.3532.3 869.2 993.7484.9 674.2 969.5545.5 824.1 944.1500.0467.4 884.7639.8 899.1 916.5708.7598.9 643.9555.3 575.2 987.8926.6 963.7

SEQ-18847-01 # 2819 RT: 63.03 AV: 1 SB: 7 62.05-62.50 , 64.56-65.10 NL: 4.44E6

T: + c sid=2.00  d Full ms2 784.25@cid37.50 [205.00-1580.00]

180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800

m/z
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740.3

676.2

741.4

669.3 677.3

649.2 785.4632.3476.3 522.4449.1 685.7 697.0 702.7535.5 742.4 766.0303.0 650.2315.1 585.1 590.2 625.4541.3410.4 786.3604.4417.6 723.2561.4427.3366.2359.3 454.2385.3 781.4514.1 578.5283.5 504.3256.8 479.5347.0 645.6 739.5404.5319.9

SEQ-18847-01 # 2820-2857 RT: 63.05-63.60 AV: 5 SB: 8 62.05-62.50 , 64.56-65.10 NL: 1.20E6

F: + c ESI sid=2.00  Full ms2 762.30@cid37.50 [205.00-800.00]

180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800

m/z
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718.1

719.1

500.1
647.1

603.1557.1513.1 653.9 674.2590.1475.2456.0385.1 610.2546.0 717.5677.4538.8368.2 744.0442.2 764.6702.3562.1 731.5295.0 481.4 583.9339.2 425.4 625.6 637.9400.4 522.6360.7304.4 315.6232.3 282.1 410.2264.3249.2 775.9 791.8217.9

SEQ-18847-01 # 2827-2849 RT: 63.20-63.48 AV: 3 SB: 8 62.05-62.50 , 64.56-65.10 NL: 1.89E5

T: + c sid=2.00  d Full ms3 762.30@cid37.50 718.14@cid37.50 [185.00-1445.00]

180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
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475.0

513.1
385.0

458.1
647.0 674.3

442.2
532.1

546.2367.9 648.1476.1 604.2386.1

429.1 514.1 533.2 610.1339.0 456.1 675.2459.1 547.2310.1 589.8404.9 586.3400.2 494.9296.3 369.1 527.8220.0 539.5363.3244.2 340.2 610.9201.2 429.7249.0 409.6 510.9453.8 673.4656.2 700.1568.2 630.3480.0224.0 277.0 639.1557.2459.8

 

 

Summary Chromatogram: HPLC/(+)ESI-MS integrated ion-peaks for the 9b (rt 48.2), 10b (rt 57.1). 

SEQ-18836-01 10/18/2012 12:27:10 PM 2005 (10TS-LP); 5 uL

Xterra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

RT: 40.13 - 64.17
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56.41

664.3

47.19

626.3
43.83

527.3 44.90

624.3
43.38

301.3
46.76

313.1 50.40

595.347.64

626.2
40.82

525.2
48.05

571.142.62

727.4
52.27

817.2
58.89

650.2
53.49

734.3
53.95

380.4

54.86

430.2
60.35

650.3
57.92

593.2
59.71

344.9
41.46

525.3
45.83

624.3
49.29

626.3

62.37

927.4
61.17

799.6
62.71

799.6

MW 570-B

MW 570-A

RT: 48.05

BP: 571.1

RT: 57.10

BP: 571.2

57.49

571.2

48.85

570.9 55.96

570.746.62

570.8
44.44

570.6
59.05

571.0
45.83

571.3
42.94

571.0
61.52

570.9
52.42

571.4
60.35

570.7

63.77

571.3

49.45

571.5
43.83

571.0
51.17

570.8

40.32

571.4

41.80

571.2

58.42

570.9
62.37

571.1
50.09

570.6
54.71

571.4
54.11

571.2
55.65

571.0
53.80

571.1

RT: 57.10

BP: 593.3

RT: 48.18

BP: 593.3
57.92

593.2
46.76

593.2
61.52

593.0
58.25

593.2

53.95

593.3

56.41

593.3

52.58

593.2

42.78

593.0
49.00

593.3

51.79

593.2
45.05

593.3

59.53

593.4

49.60

593.0

63.59

593.3

55.01

593.6
61.00

592.9

62.89

593.1
51.48

592.8

46.83

0.0

43.31

0.0

43.20

0.0

46.67

0.0
57.04

0.056.96

0.0
47.99

0.0

43.10

0.0
40.91

0.0 50.60

0.0
48.30

0.0 49.35

0.0
53.53

0.0

46.59

0.0
56.17

0.0

53.19

0.0
54.66

0.0
57.72

0.0

44.58

0.0
59.86

0.0

58.24

0.0

52.27

0.0

42.77

0.0
59.97

0.0

52.00

0.0
62.36

0.0

61.53

0.0
64.01

0.0
63.69

0.0
46.12

0.0

NL: 8.19E7

Base Peak F: + c 

ESI sid=2.00  Full 

ms 

[290.00-1000.00]  

MS SEQ-18836-01

NL: 1.64E7

m/z= 570.6-571.6 

F: + c ESI sid=2.00  

Full ms 

[290.00-1000.00]  

MS SEQ-18836-01

NL: 8.19E7

m/z= 592.7-593.7 

F: + c ESI sid=2.00  

Full ms 

[290.00-1000.00]  

MS SEQ-18836-01

NL: 9.96E-2

UV  Analog 

SEQ-18836-01

 

(+)ESI-MS/MS of the m/z 571 [M+H]+ ions of 9b (top) and 10b (bottom). 

SEQ-18836-01 10/18/2012 12:27:10 PM 2005 (10TS-LP); 5 uL

Xterra MS C18;0.15;95:5(0)>55:45(15)>5:95(65-80)/254 nm/(+)ESI

SEQ-18836-01 #2158-2218 RT: 47.73-48.66 AV: 8 NL: 5.27E6

F: + c ESI sid=3.00  Full ms2 571.20@cid37.50 [155.00-650.00]

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
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457.2 528.2
366.1

337.1
368.1

385.1 427.1310.2 319.1 409.0278.1 291.1 438.1220.3 463.1339.1 381.2232.3 386.9 510.2500.0349.1322.2 538.3 569.3206.2 249.1 481.1421.3260.2 553.2181.7 440.2173.1160.0

SEQ-18836-01 #2643-2693 RT: 56.92-57.58 AV: 6 NL: 2.39E6

F: + c ESI sid=3.00  Full ms2 571.20@cid37.50 [155.00-650.00]

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
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527.1

463.0

385.1
435.0

528.1

464.0
295.0 419.0

368.1
456.2391.1278.1 509.2339.1 436.1 481.2 553.1249.0

296.0 331.3 420.3279.0 487.1 570.5241.2 259.0 537.2220.1206.3 384.3 513.3392.2 417.1348.0171.8 200.3159.2

11a

 
11b

 
11b

 
9b 

b 

9b 10b 

9b 

10b 
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S40 

 

HPLC/(+)ESI-MS of 10c (top, rt 54.24) and 9c (bottom, rt 45.16). 

SEQ-18792-01-B 10/8/2012 2:22:22 PM 2005 (11TS-LP), 1/10th dilution; 5 uL

XTerra MS C18;0.15;95:5(0)>50:50(15)>5:95(60-80)/no UV/(+)ESI

RT: 31.73 - 75.46
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e

la
ti
v
e

 A
b

u
n
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n
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MW 584-LP

RT: 54.23

BP: 607.3

43.05

640.3
46.29

531.3
55.11

607.2

64.62

791.2

49.87

584.3
75.21

730.9
40.96

638.3
39.82

541.2

50.36

611.3

56.82

722.4

68.38

473.1
72.35

514.7

36.05

584.2

63.90

993.3
33.43

485.0

39.45

555.2

58.06

607.2

70.28

514.8

66.84

769.1
34.39

478.1

RT: 54.23

BP: 585.1

52.11

584.9
36.05

585.2
50.02

585.5

55.11

584.9

74.25

584.8
70.46

584.9

59.93

585.5

58.24

584.7

68.77

585.0

62.37

584.7

72.16

584.9
66.27

585.0

RT: 54.23

BP: 607.3

55.11

607.2
55.95

607.3
58.06

607.2

45.29

585.2

43.92

500.1 60.09

707.3
68.08

553.2

67.35

553.3

72.76

1488.7

MW 584-SM

RT: 45.29

BP: 585.2

RT: 45.16

BP: 607.3

46.67

607.3

59.94

607.3
49.85

607.3

47.59

607.2
54.50

607.4
50.39

607.3
51.87

607.4

63.12

607.3

69.95

607.8

55.06

607.3

65.06

607.1

60.80

607.4

58.01

606.9

75.43

607.4

NL: 9.84E7

Base Peak F: + c ESI 

sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18792-01-B

NL: 3.33E7

m/z= 584.6-585.6 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18792-01-B

NL: 9.84E7

m/z= 606.6-607.6 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18792-01-B

NL: 2.04E8

Base Peak F: + c ESI 

sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18791-01

NL: 2.07E8

m/z= 584.6-585.6 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18791-01

NL: 3.90E7

m/z= 606.8-607.8 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18791-01

 

SEQ-18792-01-B 10/8/2012 2:22:22 PM 2005 (11TS-LP), 1/10th dilution; 5 uL

XTerra MS C18;0.15;95:5(0)>50:50(15)>5:95(60-80)/no UV/(+)ESI

RT: 31.73 - 75.46

32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74
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MW 584-LP

RT: 54.23

BP: 607.3

43.05

640.3
46.29

531.3
55.11

607.2

64.62

791.2

49.87

584.3
75.21

730.9
40.96

638.3
39.82

541.2

50.36

611.3

56.82

722.4

68.38

473.1
72.35

514.7

36.05

584.2

63.90

993.3
33.43

485.0

39.45

555.2

58.06

607.2

70.28

514.8

66.84

769.1
34.39

478.1

RT: 54.23

BP: 585.1

52.11

584.9
36.05

585.2
50.02

585.5

55.11

584.9

74.25

584.8
70.46

584.9

59.93

585.5

58.24

584.7

68.77

585.0

62.37

584.7

72.16

584.9
66.27

585.0

RT: 54.23

BP: 607.3

55.11

607.2
55.95

607.3
58.06

607.2

45.29

585.2

43.92

500.1 60.09

707.3
68.08

553.2

67.35

553.3

72.76

1488.7

MW 584-SM

RT: 45.29

BP: 585.2

RT: 45.16

BP: 607.3

46.67

607.3

59.94

607.3
49.85

607.3

47.59

607.2
54.50

607.4
50.39

607.3
51.87

607.4

63.12

607.3

69.95

607.8

55.06

607.3

65.06

607.1

60.80

607.4

58.01

606.9

75.43

607.4

NL: 9.84E7

Base Peak F: + c ESI 

sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18792-01-B

NL: 3.33E7

m/z= 584.6-585.6 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18792-01-B

NL: 9.84E7

m/z= 606.6-607.6 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18792-01-B

NL: 2.04E8

Base Peak F: + c ESI 

sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18791-01

NL: 2.07E8

m/z= 584.6-585.6 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18791-01

NL: 3.90E7

m/z= 606.8-607.8 F: + c 

ESI sid=2.00  Full ms 

[440.00-1500.00]  MS 

SEQ-18791-01

 

 

(+)ESI mass spectra of 11c (top) and 9c (bottom). 

SEQ-18792-01-B 10/8/2012 2:22:22 PM 2005 (11TS-LP), 1/10th dilution; 5 uL

XTerra MS C18;0.15;95:5(0)>50:50(15)>5:95(60-80)/no UV/(+)ESI

SEQ-18792-01-B #2196-2221 RT: 54.23-54.50 AV: 3 NL: 7.51E7

T: + c ESI sid=2.00  Full ms [440.00-1500.00]
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609.3

477.1 542.2 683.1563.1 597.0470.2 623.0449.3 495.2 533.0 674.0 714.7499.6 782.0687.1579.4

SEQ-18791-01 #1780-1829 RT: 44.90-45.55 AV: 6 NL: 1.60E8

T: + c ESI sid=2.00  Full ms [440.00-1500.00]
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500.1 569.2456.1
609.4478.2453.2 541.3 684.0470.1
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