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I. Characterization of new synthetic compounds. 

 Overall  HRMS (MH)+ [α]D (c, temp. (°C)) 

Compound yield (%) Formula Calcd. Found in H2O 

4 35 C30H43N11O5 638.3527 638.3507 -33.8 (0.33, 19) 

5 30 C33H40N8O6 645.3149 645.3162 -75.7 a (0.30, 20) 

6 33 C33H40N8O6 645.3149 645.3155 -65.2 a (0.32, 20) 

7 32 C26H41N11O6 604.3320 604.3309 -58.8 (0.27, 19) 

8 21 C30H43N11O5 638.3527 638.3505 -2.8 (0.36, 24) 

9 25 C33H40N8O6 645.3149 645.3168 -37.0 a (0.38, 23) 

10 16 C33H40N8O6 645.3149 645.3159 -3.6 a (0.28, 20) 

11 24 C26H41N11O6 604.3320 604.3338 19.4 (0.46, 25) 

12 88 C37H49N11O6 744.3946 744.3969 -78.1 (0.27, 19) 

13 10 C37H49N11O6 744.3946 744.3929 -26.2 (0.19, 20) 

14 11 C39H51N11O6 770.4102 770.4117 -158.4 (0.10, 22) 

15 8 C39H51N11O6 770.4102 770.4092 -58.8 (0.10, 22) 

16 13 C40H53N11O6 784.4259 784.4267 -194.4 (0.14, 21) 

17 6 C40H53N11O6 784.4259 784.4282 -83.3 (0.11, 22) 

18 75 C37H49N11O6 744.3946 744.3925 -53.3 (0.32, 17) 

19 76 C37H49N11O6 744.3946 744.3927 -49.2 (0.43, 24) 

20 21 C37H49N11O6 744.3946 744.3961 -31.1 (0.23, 18) 

21 7 C39H51N11O6 770.4102 770.4107 -111.1 (0.11, 21) 

22 11 C39H51N11O6 770.4102 770.4086 61.0 (0.08, 22) 

23 20 C40H53N11O6 784.4259 784.4243 -71.4 (0.13, 21) 

24 9 C40H53N11O6 784.4259 784.4254 -36.3 (0.11, 21) 

25 14 C37H49N11O6 744.3946 744.3972 -21.8 (0.23, 18) 

26 15 C37H49N11O6 744.3946 744.3932 -75.6 (0.12, 23) 

27 17 C37H49N11O6 744.3946 744.3961 -137.6 (0.11, 23) 

28 29 C37H49N11O6 744.3946 744.3965 -35.4 (0.11, 22) 

29 44 C37H49N11O6 744.3946 744.3951 -133.3 (0.12, 22) 

30 14 C37H49N11O6 744.3946 744.3940 -147.4 (0.10, 22) 

31 21 C37H49N11O6 744.3946 744.3958 -102.6 (0.11, 23) 

32 21 C37H49N11O6 744.3946 744.3953 -33.1 (0.12, 23) 

33 20 C37H49N11O6 744.3946 744.3934 -50.5 (0.10, 23) 

34 33 C37H49N11O6 744.3946 744.3951 -64.5 (0.12, 23) 

35 41 C37H49N11O6 744.3946 744.3928 -51.0 (0.10, 23) 
a [α]D values were measured in 50% (v/v) H2O/AcOH solution. 

 

 



 S3

II. 1H NMR data of representative compounds. 

cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Gly5-) 2 
1H NMR (600 MHz, DMSO-d6) δ 1.22-1.36 (m, 4H), 1.41 (m, 1H), 1.54 (m, 1H), 1.65 (m, 

2H), 2.74 (dd, J = 13.5 and 6.2 Hz, 1H), 2.77 (dd, J = 13.5 and 8.6 Hz, 1H), 3.00-3.51 (m, 

4H), 3.54 (dd, J = 15.6 and 5.2 Hz, 1H), 3.74 (dd, J = 15.6 and 6.7 Hz, 1H), 3.90 (m, 1H), 

4.10 (m, 1H), 4.23 (m, 1H), 4.33 (m, 1H), 6.63 (d, J = 9.0 Hz, 2H), 6.92 (d, J = 9.0 Hz, 

2H), 7.35 (m, 1H), 7.46 (m, 2H), 7.50 (m, 1H), 7.55 (m, 1H), 7.66 (s, 1H), 7.81 (m, 3H), 

7.85 (d, J = 7.6 Hz, 1H), 7.92 (d, J = 6.9 Hz, 1H), 8.07 (m, 1H), 8.26 (d, J = 6.5 Hz, 1H), 

8.36 (d, J = 7.6 Hz, 1H). 

 

cyclo(-D-Tyr1-D-Arg2-Arg3-Nal4-Gly5-) 3 
1H NMR (600 MHz, DMSO-d6) δ 1.05 (m, 1H), 1.17 (m, 1H), 1.26-1.50 (m, 5H), 1.60 (m, 

1H), 2.72-2.83 (m, 3H), 2.90 (m, 1H), 3.02 (dd, J = 13.2 and 7.8 Hz, 1H), 3.07 (m, 1H), 

3.24 (dd, J = 13.2 and 6.3 Hz, 1H), 3.37 (dd, J = 14.4 and 4.2 Hz, 1H), 3.74 (dd, J = 15.0 

and 6.6 Hz, 1H), 3.88 (m, 1H), 4.13 (m, 1H), 4.23 (m, 1H), 4.46 (m, 1H), 6.64 (d, J = 9.0 

Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 7.31 (m, 1H), 7.42 (m, 1H), 7.52-7.49 (m, 2H), 7.51 (m, 

1H), 7.62 (s, 1H), 7.80 (m, 3H), 7.82-7.88 (m, 3H), 8.18 (d, J = 8.6 Hz, 1H), 8.46 (d, J = 

6.2 Hz, 1H). 

 

cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Ala5-) 12 
1H NMR (600 MHz, DMSO-d6) δ 1.16 (d, J = 6.9 Hz, 3H), 1.18-1.20 (m, 4H), 1.42 (m, 

1H), 1.54-1.63 (m, 2H), 1.72 (m, 1H), 2.70 (dd, J = 13.6 and 7.2 Hz, 1H), 2.82 (dd, J = 

13.6 and 7.8 Hz, 1H), 3.00 (m, 4H), 3.25 (dd, J = 13.5 and 6.2 Hz, 1H), 3.31 (m, 1H), 3.99 

(m, 1H), 4.05 (m, 1H), 4.15 (m, 1H), 4.27-4.34 (m, 2H), 6.64 (d, J = 8.4 Hz, 2H), 6.97(d, 

J = 8.4 Hz, 2H), 7.36 (m, 1H), 7.47 (m, 2H), 7.53 (m, 1H), 7.60 (m, 1H), 7.69 (s, 1H), 7.81 

(d, J = 7.8 Hz, 1H), 7.83 (d, J = 8.5 Hz, 1H), 7.87 (d, J = 7.7 Hz, 1H), 8.05 (d, J = 7.4 Hz, 

1H), 8.22 (d, J = 7.8 Hz, 1H), 8.34 (d, J = 7.6 Hz, 1H),8.58 (d, J = 6.9 Hz, 1H). 

 

cyclo(-D-Tyr1-Arg2-Arg3-Nal4-D-Ala5-) 13 
1H NMR (600 MHz, DMSO-d6) δ 1.08 (d, J = 7.3 Hz, 3H), 1.26-1.44 (m, 4H), 1.47-1.68 

(m, 4H), 2.71 (dd, J = 13.4 and 5.6 Hz, 1H), 2.83 (dd, J = 13.4 and 8.0 Hz, 1H), 2.97 (dd, 

J = 13.2 and 5.8 Hz, 1H), 3.05 (m, 4H), 3.14 (dd, J = 13.2 and 8.2 Hz, 1H), 3.90 (m, 1H), 

4.03 (m, 1H), 4.05 (m, 1H), 4.26 (m, 1H), 4.36 (m, 1 H), 6.62 (d, J = 8.4 Hz, 2H), 6.87 (d, 
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J = 8.4 Hz, 2H), 7.33 (m, 2H), 7.47 (m, 2H), 7.59 (m, 1H), 7.62 (m, 1H), 7.82 (m, 2H), 

7.87 (d, J = 7.2 Hz, 1H), 7.96 (d, J = 8.9 Hz, 1H), 8.16 (d, J = 5.9 Hz, 1H), 8.32 (d, J = 7.2 

Hz, 1H), 8.39 (d, J = 7.5 Hz, 1H). 

 

cyclo(-D-Tyr1-D- MeArg2-Arg3-Nal4-Gly5-) 32 (major conformer) 
1H NMR (600 MHz, DMSO-d6) δ 1.18 (m, 1H), 1.31 (m, 1H), 1.37-1.48 (m, 2H), 1.47 (m, 

1H), 1.53 (m, 1H), 1.57 (m, 1H), 1.97 (m, 1H), 2.67 (dd, J = 13.2 and 8.9 Hz, 1H), 2.83 (s, 

3H), 2.86 (m, 1H), 2.99-3.09 (m, 6H), 3.39 (m, 1H), 3.48 (m, 1H), 3.68 (dd, J = 15.6 and 

7.2 Hz, 1H), 4.33 (m, 1H), 4.38 (m, 1H), 4.65 (m, 1H), 6.65 (d, J = 8.4 Hz, 2H), 6.91 (d, J 

= 8.4 Hz, 2H), 7.14 (d, J = 6.5 Hz, 1H), 7.33 (m, 1H), 7.46 (m, 2H), 7.50 (m, 1H), 7.57 (m, 

2H), 7.62 (s, 1H), 7.84 (m, 2H), 8.12 (m, 1H), 8.61 (m, 1H). 

32 (minor conformer) 
1H NMR (600 MHz, DMSO-d6) δ 1.05 (m, 2H), 1.17 (m, 2H), 1.28-1.58 (m, 3H), 1.87 (m, 

1H), 2.61 (s, 3H), 2.81-2.93 (m, 2H), 2.99-3.09 (m, 5H), 3.36 (m, 1H), 3.40 (m, 1H), 3.85 

(m, 1H), 3.92 (dd, J = 14.6 and 8.2 Hz, 1H), 4.36 (m, 1H), 4.69 (m, 1H), 4.75 (m, 1H), 

6.65 (d, J = 8.4 Hz, 2H), 6.96 (d, J = 8.4 Hz, 2H), 7.21 (m, 1H), 7.36 (m, 1H), 7.45 (m, 

2H), 7.57 (m, 2H), 7.65 (s, 1H), 7.78 (m, 2H), 8.12 (m, 1H), 8.25 (d, J = 7.6 Hz, 1H), 8.85 

(d, J = 8.6 Hz, 1H). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table II-1: HN/Hα 3J-coupling constants [Hz] of the cyclic peptides at 300 K. 
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compound sequence D-Tyr1 Xaa2 Arg3 Nal4 Xaa5 

2 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Gly5-) 6.9 6.5 N.D. 7.6 5.8/6.2 

3 cyclo(-D-Tyr1-D-Arg2-Arg3-Nal4-Gly5-) 8.6 N.D. 6.2 7.9 N.D. 

12 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Ala5-) 6.7 7.8 N.D. 7.6 7.4 

13 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-D-Ala5-) N.D. 5.9 8.9 7.2 7.5 

32* cyclo(-D-Tyr1-D- MeArg2-Arg3-Nal4-Gly5-) 6.5 N.D. N.D. N.D. 5.8/6.5 

*major conformer 
Xaa2 : Arg for 2, 12, and 13, D-Arg for 3, D-MeArg for 32. 
Xaa5 : Gly for 2, 3, and 32, Ala for 12, D-Ala for 13. 
N.D.: Not determined due to overlap of the signals on 1H NMR spectra. 
 
 
 

Table II-2: H1 chemical shift data of Hα protons of cyclic peptides at 300 K given in ppm.  

compound sequence D-Tyr1 Xaa2 Arg3 Nal4 Xaa5 

2 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Gly5-) 4.23 3.90 4.10 4.33 3.74/3.54 

3 cyclo(-D-Tyr1-D-Arg2-Arg3-Nal4-Gly5-) 4.23 4.13 3.88 4.46 3.74/3.37 

12 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Ala5-) 4.32 3.99 4.04 4.15 4.30 

13 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-D-Ala5-) 4.25 3.90 4.05 4.36 4.03 

32* cyclo(-D-Tyr1-D- MeArg2-Arg3-Nal4-Gly5-) 4.65 3.47 4.33 4.38 3.68/3.39 

*major conformer.  
Xaa2 : Arg for 2, 12, and 13, D-Arg for 3, D-MeArg for 32. 
Xaa5 : Gly for 2, 3, and 32, Ala for 12, D-Ala for 13. 
 
 

 

Table II-3: H1 chemical shift data of NH protons of cyclic peptides at 300 K given in ppm.  

compound sequence D-Tyr1 Xaa2 Arg3 Nal4 Xaa5 

2 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Gly5-) 7.92 8.26 7.81 8.36 8.07 

3 cyclo(-D-Tyr1-D-Arg2-Arg3-Nal4-Gly5-) 8.18 7.80 8.46 7.86 7.83 

12 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-Ala5-) 8.58 8.22 7.60 8.34 8.05 

13 cyclo(-D-Tyr1-Arg2-Arg3-Nal4-D-Ala5-) 7.33 8.16 7.96 8.32 8.39 

32* cyclo(-D-Tyr1-D- MeArg2-Arg3-Nal4-Gly5-) 7.14 - 7.50 8.12 8.61 

*major conformer 
Xaa2 : Arg for 2, 12, and 13, D-Arg for 3, D-MeArg for 32. 
Xaa5 : Gly for 2, 3, and 32, Ala for 12, D-Ala for 13. 
 

 

 

Table II-4: Summary of observed backbone-backbone NOEs for cyclic peptides. 
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compound NOEs 

2 3 12 13 32* 

Tyr1 HN - Tyr1 Hα W M N.D. M M 

Tyr1 HN - Xaa2 HN N.D. S W W - 

Tyr1 HN - Xaa5 HN M M W S M 

Tyr1 HN - Xaa5 Hα S/M S/M S W S/M 

Tyr1 Hα - Xaa2 HN S W S S - 

Xaa2 HN - Xaa2 Hα W M M M - 

Arg2 HNMe - Xaa2 Hα - - - - S 

Xaa2 HN – Arg3 HN S W N.D. N. D. - 

Arg2 HNMe - Arg3 HN - - - - S 

Arg3 HN - Arg3 Hα M M M M M 

Arg3 HN - Nal4 HN S S M S S 

Arg3 Hα - Nal4 HN M M M M M 

Nal4 HN - Nal4 Hα M M M M M 

Nal4 HN - Xaa5 HN M M M N.D. W 

Nal4 Hα - Xaa5 HN M M W S S 

Xaa5 HN - Xaa5 Hα  M/M M/M M M M/M 

*major conformer 
S: Strong, M: Medium, W: Weak. N.D.: Not determined due to overlap of NOESY cross peaks. 
Xaa2 : Arg for 2, 12, and 13, D-Arg for 3, D-MeArg for 32. 
Xaa5 : Gly for 2, 3, and 32, Ala for 12, D-Ala for 13. 
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III. HPLC charts of representative compounds. 

 

HPLC charts of 12 

Linear gradient of MeCN (10-60%, 30 min) 

 

 

 

 

 

 

Linear gradient of MeCN (15-30%, 30 min) 

 

 

 

 

 

 

 

HPLC charts of 13 

Linear gradient of MeCN (10-60%, 30 min) 

 

 

 

 

 

 

Linear gradient of MeCN (15-30%, 30 min) 
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HPLC charts of 19 

Linear gradient of MeCN (10-60%, 30 min) 

 

 

 

 

 

 

 

Linear gradient of MeCN (15-30%, 30 min) 

 

 

 

 

 

 

 

 

HPLC charts of 20 

Linear gradient of MeCN (10-60%, 30 min) 

 

 

 

 

 

 

Linear gradient of MeCN (15-30%, 30 min) 
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HPLC charts of 27 

Linear gradient of MeCN (10-60%, 30 min) 

 

 

 

 

 

 

Linear gradient of MeCN (15-30%, 30 min) 

 

 

 

 

 

 

 

 

 

HPLC charts of 32 

Linear gradient of MeCN (10-60%, 30 min) 

 

 

 

 

 

 

 

Linear gradient of MeCN (15-30%, 30 min) 

 

 

 

 

 



 S10

HPLC charts of 33 

Linear gradient of MeCN (10-60%, 30 min) 

 

 

 

 

 

 

Linear gradient of MeCN (15-30%, 30 min) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


