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1. General Information

Solvents were obtained from Sigma-Aldrich, Alfa-Aesar and Acros and used directly without further 
purification unless indicated. Amino acids and derivatives were obtained from commercial sources. 
EDCI (N-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride), silver acetate, HFIP 
(hexafluoro-2-propanol) and aryl iodides were commercially available and used without any purification. 
Analytical thin layer chromatography was performed on 0.25 mm silica gel 60-F254. Visualization was 
carried out with UV light. 1H NMR spectra were recorded on Bruker AMX-400 instrument (400 MHz) 
or Bruker DRX-600 instrument (600 MHz). The following abbreviations (or combinations thereof) were 
used to explain multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. 
Coupling constants, J, were reported in Hertz unit (Hz). 13C NMR spectra were recorded on Bruker 
AMX-400 instrument (100 MHz) or Bruker DRX-600 instrument (150 MHz), and were fully decoupled 
by broad band proton decoupling. High-resolution mass spectra (HRMS) were recorded on an Agilent 
Mass spectrometer using ESI-TOF (electrospray ionization-time of flight). HPLC profiles were obtained 
on Agilent 1260 HPLC system using commercially available columns.

2. Experimental Section

A. General procedure for linear peptide synthesis 

Typically, to a solution of L-amino acid (AA) benzyl ester hydrochloride (15 mmol) and 4-
methylmorpholine (NMM, 17 mmol) in DMF was added Phth-Ala-OH (10 mmol) and 1-Hydroxy-7-
azabenzotriazole (HOAt, 10 mmol). The mixture was cooled in an ice bath and subsequently 1-ethyl-3-
(3- (dimethylamino)propyl)carbodiimide hydrochloride (EDCI, 12 mmol) was added in one portion. 
After 1.5 h at 0 °C and 6 h at room temperature, the mixture was partitioned between H2O and EtOAc. 
The aqueous layer was extracted with EtOAc. The organic phase was washed successively with H2O, 0.5 
N HCl solution, saturated aqueous NaHCO3 solution and brine, then it was dried over anhgydrous 
Na2SO4, filtered and concentrated to give the ester (Phth-Ala-AA-Obzl) as a white solid. The procedure 
was repeated to elongate the oligopeptides until the m-I-Phe was incorporated.
(Phth-Ala-OH (>99% ee) was prepared according to literature report.1 m-I-Phe-OMe was prepared 
according to literature report2 from m-I-Phe.)
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Scheme S1. Preparation of linear peptides through solution-phase peptide synthesis.
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Scheme S2. Procedure for cyclic peptide synthesis through SPPS and on-resin macrocyclization. 

B. General procedure for Pd-catalyzed peptide macrocyclization

Typically, the linear peptide (0.2 mmol, 1 eq), Pd(OAc)2 (0.02 mmol, 0.1 eq), AgOAc (0.4 mmol, 2 eq) and 

DCE (4 ml) was added to a 15 ml sealed reaction tube (a cylinder thick wall pressure-resistance tube purchased 

from Beijing Synthware Glass Inc.) in air. The reaction mixture was heated and stirred at 100 ℃ for 12-15 h. 
Upon completion, the tube was cooled to room temperature and the reaction mixture was diluted by DCM (5 

ml), filtered through a Celite pad. The filtrate was concentrated under reduced pressure. The resulting 
mixture was purified by semi-preparative RP-HPLC, typically using H2O and ACN with 0.1% formic 
acid as the eluent. The resulting pure cyclized peptide was typically obtained as a white solid.
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For on-resin peptide macrocyclization, the resin-bound linear peptide containing m-I-Phe (0.05 mmol, 1 
eq) was mixed with Pd(OAc)2 (0.02 mmol, 0.1 eq), AgOAc (0.1 mmol, 2 eq) and DCE (2 ml) in a sealed 
reaction tube. The mixture was first stirred at room temperature for 15 min and then heated at 100 ℃ for 16 h. 
The reaction mixture was allowed to cool to room temperature and the resin was filtered and washed by DCE 

for three times. Finally, the resulting resin-bound cyclic peptide was cleaved from the resin using a solution 

of TFA/H2O/TIS (95:2.5:2.5) for 2 h. TFA was then removed and the resulting residue was purified by RP-

HPLC to yield the cyclic peptide as white solid. 

C. Methods for HPLC analysis to assess the purity of peptides 

Analytical HPLC analysis was performed using Phenomenex C18 (5 μm, 2.0 × 150 mm) analytical 
column with mobile phase of water-acetonitrile-(0.1% formic acid) at a flow rate of 1.0 mL/min. Gradient 
used：isocratic 2% CH3CN for 5 min, then 2% to 85% CH3CN in 15 min, then 85% to 95% CH3CN in 
5 min, then isocratic 95% CH3CN for 5 min.

D. Optimization of reaction conditions for the cyclization of peptides 

Table S1．Optimization of reaction conditions for the cyclization of peptides. 
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Linear peptides Cyclization Deiodination

Phth-Ala-Gly-Gly-p-I-Phe-OMe No Yes

Phth-Ala-Gly-Val-p-I-Phe-OMe No Yes

Phth-Ala-Gly-Gly-o-I-Phe-OMe No Yes

Phth-Ala-Gly-Val-o-I-Phe-OMe No Yes

Table S2. Peptide sequences attempted for cyclization using para- and ortho-iodophenyl- alanine.

E. Synthesis of celogentin C ring A

Under the atmosphere of N2, Compound 2q (86.7 mg, 0.1 mmol) was suspended in 5 ml of n-butanol at 
room temperature, followed by the addition of ethylenediamine (0.7 ml, 1 mmol, 10 eq.). The resulting 
reaction mixture was stirred for 10 h. Upon completion, reaction solvent was removed and the resulting 
residue was subjected to next reaction without further purification. The residue was mixed with 
pyroglutamic acid (19.5 mg, 0.15 mmol 1.5 eq) and HOAt (20.4 mg, 0.15 mmol, 1.5 eq), NMM (19 µL, 
0.17 mmol, 1.7 eq.), EDC ( 0.12 mmol, 23 mg, 1.2 eq) in anhydrous DMF. The reaction mixture was 

first stirred at 0℃ for 1.5 h and then allowed to proceed at room temperature for additional 6 h. Upon 
completion, EtOAc and water (1:1, 10 ml) was added and the aqueous layer was extracted with EtOAc 
(10 ml) for 3 times, The organic phase were combined and dried over anhydrous Na2SO4, concentrated 
and purified by flash chromatography to yield compound 2r (60% yield over two steps).

F. Cell culture and staining experiments
U87MG cell were grown and maintained in DMEM media with 10% FBS and 1% 
penicillin/streptomycin at 37 °C, 5% CO2. Before staining experiment with peptides, the cells were 
seeded on the surface of MatTek glass bottom microwell dishes using 1 mL media. After 1 day, the cells 
were washed twice with warm DMEM media, incubated at 37 °C with suitable 2 µM peptides for 90 min 
and fixed. Images were taken using a Leica TCS SP8 confocal fluorescence microscope. 
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G. Experimental figures

Figure S1. HPLC analysis of linear peptide 1a and the resulting cyclic peptide 2a after macrocyclization.

Figure S2a. NMR and LC-MS analysis of cyclic peptide 2g generated through macrocyclization of 

peptide 1g. A). two peaks correspond to the methyl group of Aib residue. B) LC-MS analysis of cyclic 

peptide 2g indicates a d.r. value of 60:40.
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Figure S2b. NMR and LC-MS analysis of cyclic peptide 2h generated through macrocyclization of 

peptide 1h. A). one doublet peak corresponds to the Hα of Phe1. The coupling vicinal coupling between 

Hα and Hβ of Phe1 was determined to be 12.0 Hz. B) LC-MS analysis of cyclic peptide 2h indicates a 

single diastereomer.

Figure S3. HPLC and HRMS analysis of the cyclic peptide 2q. (a) HPLC analysis of cyclic peptide 2q 

showed a sharp single peak, indicating a single diastereoisomer. (b) HRMS (ESI) Calcd for 

C47H57N5O9SNa [M+Na]+: 890.3775 Da; found: 890.3770 Da.
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Figure S4. HMBC analysis of the cyclic peptide 2q.

Figure S5. 1H NMR (400M Hz, CDCl3) analysis of the cyclic peptide 2q. Hα of βs-Leu1 showed signal 
as a double–doublet peak (4.95-4.98 ppm) with a coupling constant of Jαβ(Leu1)=12.0 Hz with Hβ of 
βs-Leu1.
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Figure S6. Proposed catalytic intermediates in C-H activations.

Scheme S3. Chemical structures of cyclic peptides in Table 1. 

G. Structural characterization of linear and cyclic peptides

Linear peptide 1a
Phth-Ala-Gly-Gly-m-I-Phe-OMe

N

O

O
CH3

NH

O
NH

O

NH

O

COOMe

I

1H NMR (400 MHz, CD3CN) δ 7.89 – 7.77 (m, 4H), 7.63 – 7.56 (m, 2H), 7.38 (t, J = 5.3 Hz, 1H), 7.20 
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(d, J = 7.8 Hz, 1H), 7.18 – 7.09 (m, 2H), 7.09 – 7.01 (m, 1H), 4.94 (q, J = 7.2 Hz, 1H), 4.53 (td, J = 8.2, 
5.9 Hz, 1H), 3.85 – 3.76 (m, 2H), 3.72 (dt, J = 17.1, 5.8 Hz, 2H), 3.63 (d, J = 5.9 Hz, 3H), 3.01 (dd, J = 
13.8, 5.8 Hz, 1H), 2.90 (dd, J = 13.8, 8.4 Hz, 1H), 1.62 – 1.58 (m, 3H).

13C NMR (100 MHz, CD3CN) δ 172.0, 171.2, 169.7, 169.6, 168.5, 140.3, 138.7, 136.3, 135.1, 132.6, 
130.9, 129.4, 123.8, 117.9, 94.3, 54.3, 52.3, 48.9, 43.9, 42.7, 37.0, 14.9.

HRMS (ESI) [M+H]+ m/z calcd for C25H26IN4O7 621.0846, found 621.0837; [M+Na]+ m/z calcd for 
C25H25IN4O7Na 643.0666, found 643.0736.

1H NMR (400M Hz, CD3CN) (linear peptide 1a)：

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.0
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HRMS (ESI) (linear peptide 1a):

Cyclic peptide 2a 

 

N
O

O
O

HN

NH

O

N
H

OMeOOC

1H NMR (400 MHz, CD3CN) δ 7.83 (s, 4H), 7.52 (s, 1H), 7.13 (s, 2H), 7.07 (t, J = 7.6 Hz, 1H), 6.94 (dd, 
J = 15.4, 7.6 Hz, 2H), 6.58 (d, J = 7.4 Hz, 1H), 5.15 (dd, J = 9.0, 2.5 Hz, 1H), 4.67 (td, J = 7.3, 4.9 Hz, 
1H), 3.80 (d, J = 6.6 Hz, 2H), 3.78 – 3.73 (m, 1H), 3.72 (s, 3H), 3.63 (dd, J = 16.6, 5.9 Hz, 1H), 3.36 
(dd, J = 13.8, 2.4 Hz, 1H), 3.29 (dd, J = 13.8, 9.0 Hz, 1H), 3.13 (dd, J = 14.2, 7.0 Hz, 1H), 3.07 (dd, J = 
14.2, 4.9 Hz, 1H).

13C NMR (100 MHz, CD3CN) δ 172.0, 170.1, 169.9, 169.0, 168.3, 138.5, 136.6, 135.3, 132.4, 132.3, 
129.2, 129.0, 127.8, 123.9, 54.3, 53.6, 52.3, 44.2, 42.8, 36.7, 35.0.

HRMS (ESI) [M+Na]+ m/z calcd for C25H24N4O7Na 515.1543, found 515.1609.

1H NMR (400M Hz, CD3CN) (cyclic peptide 2a)：
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13C NMR (100M Hz, CD3CN) (cyclic peptide 2a)：
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HSQC (100M Hz, CD3CN) (cyclic peptide 2a)：

HMBC (100M Hz, CD3CN) (cyclic peptide 2a)：
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HRMS (ESI) (cyclic peptide 2a)：

Linear peptide 1b

Phth-Ala-Leu-Gly-m-I-Phe-OMe

N

O

O
CH3

NH

O
NH

O

NH

O

COOMe

I

1H NMR (400 MHz, CDCl3) δ 7.81 (dt, J = 6.9, 3.5 Hz, 2H), 7.77 – 7.68 (m, 2H), 7.52 (d, J = 7.9 Hz, 
1H), 7.43 (s, 1H), 7.31 – 7.23 (m, 1H), 7.19 (d, J = 7.8 Hz, 1H), 7.07 (d, J = 7.7 Hz, 1H), 6.98 (t, J = 7.7 
Hz, 1H), 6.88 (d, J = 7.3 Hz, 1H), 4.94 (q, J = 7.2 Hz, 1H), 4.70 (dd, J = 14.1, 6.6 Hz, 1H), 4.51 – 4.37 
(m, 1H), 4.07 (ddd, J = 22.7, 15.5, 6.5 Hz, 1H), 3.85 (dd, J = 16.7, 5.3 Hz, 1H), 3.64 (s, 3H), 2.95 (ddd, 
J = 34.0, 13.8, 6.5 Hz, 2H), 1.65 (t, J = 8.0 Hz, 3H), 1.62 – 1.51 (m, 2H), 1.26 (t, J = 7.1 Hz, 1H), 0.90 
(dd, J = 8.4, 6.2 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 172.3, 171.6, 169.8, 168.8, 167.8, 138.6, 138.2, 136.1, 134.4, 131.8, 
130.2, 128.6, 123.6, 94.3, 77.4, 77.1, 76.7, 60.4, 53.4, 52.6, 52.4, 49.1, 43.2, 40.3, 37.3, 24.8, 23.0, 21.8, 
15.4.

HRMS (ESI) [M+Na]+ m/z calcd for C29H33IN4O7Na 699.1292, found 699.1360.
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1H NMR (400M Hz, DMSO-d6) (linear peptide 1b)：

13C NMR (100M Hz, DMSO-d6) (linear peptide 1b)：
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HRMS (ESI) (linear peptide 1b)：

Cyclic peptide 2b

 

N
O

O
O

HN

NH

O

N
H

OMeOOC

1H NMR (400 MHz, DMSO) δ 8.31 (dd, J = 7.1, 5.1 Hz, 1H), 8.21 (d, J = 6.9 Hz, 1H), 7.96 – 7.84 (m, 
4H), 7.37 (s, 1H), 7.25 (t, J = 7.6 Hz, 1H), 7.11 (d, J = 7.7 Hz, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.80 (d, J 
= 7.0 Hz, 1H), 5.01 (dd, J = 11.8, 2.2 Hz, 1H), 4.56 (ddd, J = 9.4, 7.1, 3.8 Hz, 1H), 4.22 – 4.06 (m, 1H), 
3.88 (dd, J = 16.9, 7.4 Hz, 1H), 3.66 (s, 3H), 3.62 (s, 1H), 3.44 (d, J = 4.9 Hz, 1H), 3.06 (dd, J = 14.1, 
3.7 Hz, 1H), 3.00 – 2.86 (m, 1H), 2.77 (d, J = 12.1 Hz, 1H), 1.44 – 1.37 (m, 1H), 1.33 (dd, J = 10.4, 4.7 
Hz, 2H), 0.76 – 0.71 (m, 6H). 

13C NMR (100 MHz, DMSO) δ 172.9, 169.8, 167.9, 167.5 , 139.2, 136.3, 135.0, 132.2, 130.6, 129.1, 
128.3, 126.9, 123.5, 53.7, 53.3, 52.9, 52.5, 42.9, 40.6, 40.4, 40.2, 39.9, 39.9, 39.5, 39.4, 36.8, 35.4, 24.5, 
23.2, 21.5.

HRMS (ESI) [M+H]+ m/z calcd for C29H33N4O7 549.2349, found 549.2352.
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1H NMR (400M Hz, DMSO-d6) (cyclic peptide 2b)：

13C NMR (100M Hz, DMSO-d6) (cyclic peptide 2b)：
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HRMS (ESI) (cyclic peptide 2b)：

Linear peptide 1c
Phth-Ala-Val-Gly-m-I-Phe-OMe

N

O

O CH3

NH

O
NH

O NH
O COOMe

I

1H NMR (400 MHz, DMSO-d6) δ 8.29 – 8.17 (m, 3H), 7.86 – 7.84 (m, 4H), 7.67 – 7.52 (m, 2H), 7.22 
(d, J = 7.7 Hz, 1H), 7.07 (t, J = 7.8 Hz, 1H), 4.75 (q, J = 7.1 Hz, 1H), 4.45 (dd, J = 13.7, 7.9 Hz, 1H), 
4.06 (t, J = 8.0 Hz, 1H), 3.69 (d, J = 6.1 Hz, 2H), 3.57 (s, 3H), 2.96 (dd, J = 13.5, 5.6 Hz, 1H), 2.85 (dd, 
J = 13.6, 8.8 Hz, 1H), 1.87 (dd, J = 13.6, 6.8 Hz, 1H), 1.50 (d, J = 7.2 Hz, 3H), 0.74 (dd, J = 19.5, 6.6 
Hz, 6H).

13C NMR (100 MHz, DMSO-d6) δ 171.6, 171.3, 168.8, 168.7, 167.4, 139.7, 137.7 , 135.3, 134.3, 131.9, 
130.4, 128.5, 122.9, 94.7, 58.9, 53.3, 51.8, 48.0, 41.4, 4.1, 39.9, 39.7, 39.5, 39.3, 39.1, 38.9, 36.1, 29.8, 
19.2, 18.6, 15.2, 14.5，

HRMS (ESI) [M+H]+ m/z calcd for C28H32IN4O7 663.1316, found 663.1306.
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1H NMR (400M Hz, DMSO-d6)(linear peptide 1c)：

13C NMR (100M Hz, DMSO-d6) (linear peptide 1c)：
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HRMS (ESI) (linear peptide 1c)：

Cyclic peptide 2c

 

N
O

O
O

HN

NH

O

N
H

OMeOOC

1H NMR (400 MHz, DMSO) δ 8.31 (t, J = 6.1 Hz, 1H), 7.98 (d, J = 7.8 Hz, 1H), 7.94 – 7.86 (m, 4H), 
7.31 – 7.22 (m, 3H), 7.16 (d, J = 7.6 Hz, 1H), 7.08 (d, J = 8.9 Hz, 1H), 6.92 (d, J = 6.9 Hz, 1H), 4.85 
(dd, J = 12.0, 2.3 Hz, 1H), 4.52 (ddd, J = 10.4, 6.4, 3.1 Hz, 1H), 3.94 (t, J = 7.7 Hz, 1H), 3.75 (d, J = 
12.8 Hz, 1H), 3.68 (s, 3H), 3.59 (d, J = 7.0 Hz, 1H), 3.55 (d, J = 5.7 Hz, 1H), 3.09 (dd, J = 14.1, 3.5 Hz, 
1H), 2.95 – 2.86 (m, 1H), 2.83 (s, 1H), 1.84 (dd, J = 14.0, 6.9 Hz, 1H), 0.70 (t, J = 7.2 Hz, 6H).

13C NMR (101 MHz, DMSO) δ 172.1, 172.0 – 171.5, 169.9, 167.7, 167.6, 138.8, 136.47 (s), 135.0, 132.0, 
131.4 – 130.55, 129.3, 128.7 – 127.8, 127.3 – 126.3, 123.6, 59.8, 54.8, 53.8, 52.5, 42.8, 40.0, 36.7, 36.0 
– 34.3, 29.5, 19.5, 18.7.

HRMS (ESI) [M+Na]+ m/z calcd for C28H30N4O7Na 557.2012, found 557.2011.

1H NMR (400M Hz, DMSO-d6) (cyclic peptide 2c)：
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13CNMR (100M Hz, DMSO-d6) (cyclic peptide 2c)：
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HRMS (ESI) (cyclic peptide 2c):

Linear peptide 1d 

Phth-Ala-Ile-Gly-m-I-Phe-OMe

N

O

O
NH

O
NH

O
NH O

COOMeI

1H NMR (400 MHz, DMSO) δ 8.24 (dd, J = 13.4, 6.8 Hz, 2H), 8.17 (d, J = 8.1 Hz, 1H), 7.91 – 7.79 (m, 
4H), 7.58 (d, J = 7.4 Hz, 2H), 7.22 (d, J = 7.7 Hz, 1H), 7.08 (t, J = 7.8 Hz, 1H), 4.75 (q, J = 7.2 Hz, 1H), 
4.50 – 4.40 (m, 1H), 4.11 (t, J = 8.2 Hz, 1H), 3.70 (ddd, J = 38.0, 16.7, 5.8 Hz, 2H), 3.58 (s, 3H), 3.00 – 
2.92 (m, 1H), 2.87 (dd, J = 13.7, 8.7 Hz, 1H), 1.76 – 1.62 (m, 1H), 1.50 (d, J = 7.2 Hz, 3H), 1.33 (ddd, J 
= 13.4, 7.6, 3.3 Hz, 1H), 1.06 – 0.93 (m, 1H), 0.81 – 0.66 (m, 6H).

13C NMR (100 MHz, DMSO) δ 172.1, 171.9, 169.3, 169.2, 167.9, 140.2, 138.2, 135.8, 134.8, 132.4 , 
130.9, 129.0, 123.4, 95.2, 58.1, 53.8, 52.3, 48.5, 41.9, 40.0, 36.0, 24.8, 15.7, 15.7, 11.1.

HRMS (ESI) [M+Na]+ m/z calcd for C29H33IN4O7Na 699.1292, found 699.1322.
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1H NMR (400M Hz, DMSO-d6) (linear peptide 1d)：

13C NMR (100M Hz, DMSO-d6) (linear peptide 1d)：
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HRMS (ESI) (linear peptide 1d):

Cyclic peptide 2d

N
O

O
O

HN

NH

O

N
H

OMeOOC

1H NMR (400 MHz, DMSO) δ 8.30 (dd, J = 7.1, 5.1 Hz, 1H), 8.21 (d, J = 6.9 Hz, 1H), 7.96 – 7.84 (m, 
4H), 7.37 (s, 1H), 7.25 (t, J = 7.6 Hz, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.80 (d, J 
= 7.0 Hz, 1H), 5.01 (dd, J = 11.7, 2.1 Hz, 1H), 4.62 – 4.50 (m, 1H), 4.13 (d, J = 8.2 Hz, 1H), 3.88 (dd, J 
= 16.9, 7.4 Hz, 1H), 3.68 (s, 1H), 3.66 (s, 3H), 3.50 (s, 1H), 3.06 (dd, J = 14.0, 3.6 Hz, 1H), 2.93 (dd, J 
= 14.0, 9.2 Hz, 1H), 2.77 (d, J = 12.2 Hz, 1H), 1.46 – 1.29 (m, 3H), 0.76 – 0.71 (m, 6H). 

13C NMR (100 MHz, DMSO) δ 172.9, 171.8, 169.8, 167.9, 167.5, 139.2, 136.3, 135.0, 132.2, 130.6, 
129.1, 128.3, 126.9 , 123.5, 53.7, 53.3, 52.9, 52.5, 42.9, 40.6, 40.4, 40.2 (s), 39.9, 39.7, 39.5, 39.3, 36.8, 
35.42 , 24.5, 23.2, 21.5.

HRMS (ESI) [M+H]+ m/z calcd for C30H35N4O7 549.2349, found 549.2347.
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1H NMR (400M Hz, DMSO-d6) (cyclic peptide 2d)：

13CNMR (100M Hz, DMSO-d6) (cyclic peptide 2d)：
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HRMS (ESI) (cyclic peptide 2d)：

Linear peptide 1e
Phth-Ala-Phe-Gly-m-I-Phe-OMe

N

O

O

O N
H

NH

O

N
H

O
COOMe

I

1H NMR (400 MHz, DMSO) δ 8.37 (d, J = 7.7 Hz, 1H), 8.29 (dd, J = 9.8, 5.3 Hz, 2H), 7.85 (s, 4H), 7.65 
– 7.53 (m, 2H), 7.23 (d, J = 7.7 Hz, 1H), 7.20 – 7.04 (m, 6H), 4.73 (q, J = 7.2 Hz, 1H), 4.47 (dd, J = 14.0, 
8.3 Hz, 1H), 4.40 (ddd, J = 10.0, 7.9, 4.4 Hz, 1H), 3.79 (dd, J = 16.8, 6.0 Hz, 1H), 3.64 (dd, J = 9.9, 6.8 
Hz, 1H), 3.59 (s, 3H), 3.03 – 2.94 (m, 1H), 2.93 – 2.81 (m, 2H), 2.81 – 2.73 (m, 1H), 1.45 (d, J = 7.2 Hz, 
3H).
13C NMR (100 MHz, DMSO) δ 172.0, 171.9, 169.4, 169.2, 167.6, 140.2, 138.4, 138.1, 135.9, 134.8 , 
132.2, 130.9, 129.5, 129.1, 128.4, 126.6, 123.5, 95.2, 55.4, 53.9, 52.4, 48.3, 42.1, 39.9, 37.2, 36.6, 15.3.
HRMS (ESI) [M+Na]+ m/z calcd for C32H31IN4O7Na 733.1135, found 733.1194.
1H NMR (400M Hz, DMSO-d6) (linear peptide 1e)：



S28

13C NMR (100M Hz, DMSO-d6) (linear peptide 1e)：

HRMS (ESI) (linear peptide 1e)：
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Cyclic peptide 2e

N

O

O NH

O

NH

O

NH
O

COOMe

1H NMR (400 MHz, DMSO) δ 8.28 – 8.10 (m, 2H), 7.89 (s, 4H), 7.25 (dd, J = 14.6, 7.0 Hz, 2H), 7.08 
(dd, J = 17.8, 7.7 Hz, 2H), 7.03 – 6.88 (m, 6H), 4.93 (dd, J = 11.7, 2.2 Hz, 1H), 4.52 (ddd, J = 10.4, 7.0, 
3.7 Hz, 1H), 4.33 (ddd, J = 10.3, 7.7, 4.5 Hz, 1H), 3.82 – 3.73 (m, 1H), 3.71 (s, 1H), 3.67 (d, J = 3.7 Hz, 
3H), 3.53 (dd, J = 16.6, 5.4 Hz, 1H), 3.07 (dd, J = 14.0, 3.5 Hz, 1H), 2.96 – 2.84 (m, 2H), 2.81 (d, J = 
12.0 Hz, 1H), 2.71 (dd, J = 14.1, 10.2 Hz, 1H).

13C NMR (100 MHz, DMSO) δ 171.9, 171.7, 169.7, 167.6, 167.3, 138.9, 138.11 , 136.6, 134.9, 132.0, 
130.7, 129.2, 128.3, 127.0, 126.4, 123.6, 55.4, 53.9, 53.8, 52.5, 43.1, 40.0, 36.7, 36.5, 35.0.
MS (ESI) [M+H]+ m/z calcd for C32H31IN4O7 583.22, found 583.25.

HRMS (ESI) [M+Na]+ m/z calcd for C32H30N4O7Na 605.2012, found 605.2008.

1H NMR (400M Hz, DMSO-d6) (cyclic peptide 2e)：
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13C NMR (100M Hz, DMSO-d6) (cyclic peptide 2e)：

HRMS (ESI) (cyclic peptide 2e)：
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Linear peptide 1f

Phth-Ala-Gly-Gly-Ala-m-I-Phe-OMe

N

O

O

O

N
H

H
N

O
HN O

NH

O

COOMeI

1H NMR (400 MHz, MeOD) δ 7.76 (dt, J = 6.7, 3.5 Hz, 2H), 7.74 – 7.69 (m, 2H), 7.50 – 7.43 (m, 2H), 
7.12 (d, J = 7.7 Hz, 1H), 6.94 (t, J = 7.8 Hz, 1H), 4.91 (d, J = 7.2 Hz, 1H), 4.50 (dd, J = 8.4, 5.8 Hz, 1H), 
4.21 (t, J = 7.2 Hz, 1H), 3.81 – 3.74 (m, 4H), 3.57 (d, J = 4.0 Hz, 3H), 3.00 (dd, J = 13.9, 5.8 Hz, 1H), 
2.88 – 2.81 (m, 1H), 1.53 (d, J = 7.2 Hz, 3H), 1.14 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, MeOD) δ 173.4, 171.5, 171.0, 169.9, 167.9, 139.4, 137.9, 135.7, 134.2, 131.9, 123, 
128.5, 123.0, 93.5, 53.6, 51.4, 49.0, 48.6 – 46.3, 43.1, 42.16 (s), 36.3, 16.5, 14.0.

HRMS (ESI) [M+Na]+ m/z calcd for C28H30IN5O8Na 714.1037, found 714.1051.

1H NMR (400M Hz, MeOH-d4) (linear peptide 1f):
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13C NMR (100M Hz, MeOH-d4) (linear peptide 1f):

HRMS (ESI) (linear peptide 1f):
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Cyclic peptide 2f

N

NHO
O

NH
N
H

OHN

O

MeOOC O

O

1H NMR (400 MHz, DMSO) δ 8.40 – 8.37 (m, 1H), 8.15 (t, J = 5.5 Hz, 1H), 7.97 (d, J = 7.9 Hz, 1H), 
7.93 – 7.83 (m, 5H), 7.42 (s, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.96 (dd, J = 16.0, 7.7 Hz, 2H), 4.92 (dd, J = 
9.0, 5.2 Hz, 1H), 4.57 (ddd, J = 10.9, 8.0, 3.1 Hz, 1H), 4.19 (t, J = 7.2 Hz, 1H), 3.77 (dd, J = 15.8, 6.4 
Hz, 1H), 3.74 – 3.70 (m, 1H), 3.67 (s, 3H), 3.66 – 3.62 (m, 1H), 3.56 (d, J = 7.0 Hz, 2H), 3.23 – 3.14 (m, 
1H), 3.10 (dd, J = 14.2, 2.9 Hz, 1H), 2.96 (dd, J = 14.3, 10.5 Hz, 1H), 1.12 (d, J = 7.2 Hz, 3H). 

13C NMR (101 MHz, DMSO) δ 172.8, 172.2, 170.3, 169.5, 167.9, 138.1, 135.1, 131.9, 130.5, 128.6, 
127.7, 127.3, 123.7, 55.4, 52.5, 44.0, 43.0, 40.6 , 40.5, 40.2, 39.9 , 39.7, 39.5, 39.31, 36.1, 35.2, 17.5.

HRMS (ESI) [M+Na]+ m/z calcd for C28H29N5O8Na 586.1914, found 586.1913.

1H NMR (400M Hz, DMSO -d6) (cyclic peptide 2f):
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13C NMR (400M Hz, DMSO -d6) (cyclic peptide 2f):

HRMS (ESI) (cyclic peptide 2f):
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Linear peptide 1g

Phth-Aib-Gly-Gly-m-I-Phe-OMe

N

O

O
N
H

O H
N

O
HN O

COOMeI

1H NMR (400 MHz, CDCl3) δ 7.79 (dt, J = 6.9, 3.5 Hz, 2H), 7.76 – 7.69 (m, 2H), 7.51 (dd, J = 18.1, 
10.1 Hz, 3H), 7.12 (d, J = 7.7 Hz, 1H), 6.99 (t, J = 7.8 Hz, 2H), 6.83 (t, J = 5.4 Hz, 1H), 4.71 (dd, J = 
13.7, 7.1 Hz, 1H), 4.14 – 3.86 (m, 4H), 3.63 (s, 3H), 3.04 (dd, J = 13.8, 6.0 Hz, 1H), 3.01 – 2.91 (m, 1H), 
1.82 (d, J = 2.6 Hz, 6H). 

13C NMR (100 MHz, CDCl3) δ 173.9, 171.4, 169.6, 169.0, 138.7, 138.2, 136.1, 134.5, 131.7, 130.3, 
128.6, 123.4, 94.3, 61.3, 53.4, 52.3, 44.0, 43.2, 37.3, 24.6.

HRMS (ESI) [M+Na]+ m/z calcd for C26H27IN4O7Na 657.0744, found 657.0969.

1H NMR (100M Hz, CDCl3) (linear peptide 1g)：
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13C NMR (100M Hz, CDCl3) (linear peptide 1g)：

HRMS (ESI) (linear peptide 1g)：

Cyclic peptide 2g

N

O

O

H
N

O

NH

O

NH O

COOMe

*

1H NMR (400 MHz, CDCl3) δ 7.82 – 7.65 (m, 5H), 7.56 (d, J = 10.1 Hz, 1H), 7.08 (d, J = 8.6 Hz, 1H), 
7.00 – 6.85 (m, 1H), 6.82 – 6.73 (m, 1H), 6.72 – 6.63 (m, 1H), 6.51 (dd, J = 19.0, 7.3 Hz, 1H), 4.94 (dt, 
J = 8.9, 4.5 Hz, 1H), 4.56 – 4.44 (m, 1H), 4.24 – 4.08 (m, 2H), 3.74 (d, J = 28.6 Hz, 3H), 3.70 – 3.48 (m, 
2H), 3.36 – 3.15 (m, 2H), 3.00 – 2.77 (m, 2H), 2.13 (d, J = 10.8 Hz, 3H).
13C NMR (100 MHz, CDCl3) δ 172.7, 172.0, 171.9, 170.7, 169.5, 169.5, 169.4, 169.0, 168.9, 136.8, 
136.7, 136.0, 135.4, 134.7, 134.5, 133.0, 132.6, 131.2, 131.1, 129.0, 128.4, 128.1, 127.7, 127.6, 123.5, 
123.4, 66.2, 66.1, 53.9, 52.6, 52.5, 51.9, 45.1, 44.6, 29.3, 27.3, 27.2, 27.0.

6x10

0

0.5

1

1.5

2

2.5

+ESI 全扫描 (13.708 分钟) Frag=200.0V AIB-1.d

* 657.0969

922.0098531.1850188.0708 337.0267 1313.1541

计数 与 质荷比 (m/z)

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550

[M+Na]+
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HRMS (ESI) [M+Na]+ m/z calcd for C26H26N4O7Na 529.1699, found 529.1690.

1H NMR (400 MHz, CDCl3) (cyclic peptide 2g):

(Note: the peak at 1.26 ppm is due to the “grease’ from the solvent)

13C NMR (100 MHz, CDCl3) (cyclic peptide 2g):
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HRMS (ESI) (cyclic peptide 2g):
6x10

0

0.25

0.5

0.75

1

1.25

1.5

1.75

2

2.25

+ESI 全扫描 (12.545 分钟) Frag=200.0V AIB-CYC.d

* 529.1690

922.0098
1035.3504121.0509 273.0705 597.1620199.5555 721.2468475.1598 822.0115382.1364

计数 与 质荷比 (m/z)

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100

LC-MS spectrum (EIC of 529.1690 Da): 
6x10

0

0.5

1

1.5

2

+ESI EIC(529.0000) 全扫描 Frag=200.0V AIB-CYC.d

1 1

计数 与 采集时间 (分钟)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Time/ min

Linear peptide 1h

Phth-Phe-Gly-Gly-m-I-Phe-OMe

N

O

O
NHO

N
H

O H
N

O
OMe

O

I

1H NMR (400 MHz, CDCl3) δ 7.73 – 7.62 (m, 4H), 7.54 – 7.42 (m, 3H), 7.19 (dd, J = 15.6, 9.8 Hz, 1H), 
7.15 – 7.06 (m, 7H), 6.98 (t, J = 7.7 Hz, 1H), 5.13 (dd, J = 11.2, 5.3 Hz, 1H), 4.70 (dd, J = 13.6, 7.3 Hz, 
1H), 4.00 (dd, J = 16.8, 5.4 Hz, 1H), 3.94 – 3.75 (m, 3H), 3.65 (s, 3H), 3.57 (dd, J = 14.1, 5.3 Hz, 1H), 
3.44 (dd, J = 14.1, 11.3 Hz, 1H), 3.02 (dd, J = 13.9, 5.8 Hz, 1H), 2.94 (dd, J = 13.6, 7.0 Hz, 1H).

13C NMR (100 MHz, CDCl3) δ 171.6, 169.6, 169.3, 168.8, 168.0, 138.6, 138.2, 136.5, 136.1, 134.4, 
131.4, 130.3, 129.0, 128.6, 127.0, 123.5, 94.4, 60.4, 55.0, 53.5, 52.5, 43.5, 42.9, 37.2, 34.7, 21.1, 14.2.

HRMS (ESI) [M+Na]+ m/z calcd for C31H29N4IO7Na 719.0979, found 719.0975.

[M+Na]+
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1H NMR (400 MHz, CDCl3) (linear peptide 1h):

(Note: the peak at 1.26 ppm is due to the “grease” from solvent.)

13C NMR (100 MHz, CDCl3) (linear peptide 1h):
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HRMS (ESI) (linear peptide 1h):
5x10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
+ESI Scan (0.207-0.224 min, 2 Scans) Frag=175.0V tj(17.3.2)11sample4960.d  Subtract

719.0975

720.1003

721.1038

4x10

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

+ESI Scan (0.057-0.074 min, 2 Scans) Frag=175.0V tj(17.3.2)11sample4960.d

730.5681
716.5522

721.5072

731.5718714.5734 717.5554

Counts vs. Mass-to-Charge (m/z)
714.5 715 715.5 716 716.5 717 717.5 718 718.5 719 719.5 720 720.5 721 721.5 722 722.5 723 723.5 724 724.5 725 725.5 726 726.5 727 727.5 728 728.5 729 729.5 730 730.5 731 731.5 732

Cyclic peptide 2h

N

O

O

HNO NH

O

NH
O

COOMe

*

1H NMR (400 MHz, CDCl3) δ 7.75 (dt, J = 7.5, 3.8 Hz, 2H), 7.71 – 7.64 (m, 2H), 7.60 (t, J = 5.8 Hz, 
1H), 7.43 (d, J = 7.9 Hz, 1H), 7.30 (t, J = 7.7 Hz, 2H), 7.25 (s, 2H), 7.08 (ddd, J = 24.5, 14.9, 7.4 Hz, 
3H), 6.80 – 6.71 (m, 2H), 5.71 (d, J = 12.9 Hz, 1H), 5.24 (d, J = 12.9 Hz, 1H), 4.72 (ddd, J = 10.0, 7.7, 
4.7 Hz, 1H), 4.14 (dd, J = 16.0, 7.2 Hz, 1H), 3.96 (dd, J = 15.2, 6.1 Hz, 1H), 3.79 (s, 3H), 3.62 (dd, J = 
15.2, 5.7 Hz, 1H), 3.50 (dd, J = 15.9, 5.6 Hz, 1H), 3.27 (dd, J = 14.2, 4.7 Hz, 1H), 2.96 (dd, J = 14.1, 
10.0 Hz, 1H).

13C NMR (100 MHz, CDCl3) δ 171.9 – 171.5, 169.8, 169.3, 169.2 – 168.9, 139.7, 139.5, 136.8, 134.5 , 
130.0, 129.9 – 129.8, 128.9 , 128.0, 127.5, 127.4, 126.6, 58.8, 53.4, 53.1, 52.6, 50.4, 44.4 – 44.1, 44.0 , 
37.0, 3.0, 29.3, 27.2, 22.7

HRMS (ESI) [M+Na]+ m/z calcd for C31H28N4O7Na 591.1934, found 591.1894.

1H NMR (400 MHz, CDCl3) (cyclic peptide 2h):
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(Note: the peak at 1.26 ppm is due to the “grease” from solvent.)

13C NMR (100 MHz, CDCl3) (cyclic peptide 2h):
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HRMS (ESI) (cyclic peptide 2h):
6x10

0

0.5

1

1.5

2

2.5

+ESI 全扫描 (12.405 分钟) Frag=200.0V PHE-CYC.d

* 591.1894

* 1159.3810

922.0098
304.0784 483.1528121.0509 709.2163 1051.3467225.1967 822.0146

计数 与 质荷比 (m/z)

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400

EIC trace of 591.1894 Da:
6x10

0

0.5

1

1.5

2

+ESI EIC(1159.3800) 全扫描 Frag=200.0V PHE-CYC.d

1 1

计数 与 采集时间 (分钟)

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5

Linear peptide 1i

N

O

O
N
H

O H
N

O
HN O

OtBu

COOMeI

1H NMR (400 MHz, CDCl3) δ 7.84 (dt, J = 6.9, 3.5 Hz, 2H), 7.75 (td, J = 5.1, 2.0 Hz, 2H), 7.54 – 7.45 
(m, 2H), 7.40 (d, J = 1.4 Hz, 1H), 7.08 – 7.02 (m, 2H), 6.98 (d, J = 7.7 Hz, 1H), 6.96 – 6.89 (m, 1H), 
4.97 (q, J = 7.2 Hz, 1H), 4.70 (q, J = 6.5 Hz, 1H), 4.44 (td, J = 6.3, 4.2 Hz, 1H), 3.98 (d, J = 5.5 Hz, 2H), 
3.92 (dd, J = 9.0, 4.0 Hz, 1H), 3.65 (s, 3H), 3.47 (dd, J = 8.9, 6.4 Hz, 1H), 3.01 – 2.97 (m, 1H), 2.90 (d, 
J = 6.4 Hz, 1H), 1.70 (d, J = 7.2 Hz, 3H), 1.16 (s, 9H).

13C NMR (100 MHz, CDCl3) δ 171.3, 170.3, 169.3, 168.6, 167.7, 162.6, 138.5, 138.1, 136.0, 134.4, 
131.8, 130.2, 128.5, 123.7, 94.3, 79.7 – 75.2, 74.3, 60.6, 54.0, 53.4, 52.3, 48.8, 43.4 37.4, 27.4, 15.2.

HRMS (ESI) [M+Na]+ m/z calcd for C30H36IN4NaO8 729.1397, found 729.1475.

1H NMR (400M Hz, CDCl3-d) (linear peptide 1i)：
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13C NMR (100M Hz, CDCl3-d) (linear peptide 1i)：
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HRMS (ESI) (linear peptide 1i)：
6x10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

+ESI 全扫描 (7.676-7.742 分钟, 5 扫描数) Frag=135.0V 1f.d

* 729.1475

651.0942

922.0098 1435.2876

603.2428 766.2311121.0509 1079.7047373.0554 497.3590174.0549 890.2454271.0707 822.0158

计数 与 质荷比 (m/z)

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700

Cyclic peptide 2i

N

O

O
N
H

O

HN

O

NH
O

OtBu

COOMe

1H NMR (400 MHz, CDCl3) δ 7.86 (dt, J = 6.9, 3.5 Hz, 2H), 7.80 – 7.73 (m, 2H), 7.31 (t, J = 7.6 Hz, 
1H), 7.27 (s, 1H), 7.16 (dd, J = 19.3, 7.6 Hz, 2H), 6.69 – 6.60 (m, 1H), 6.54 (d, J = 6.9 Hz, 1H), 6.47 (d, 
J = 7.2 Hz, 1H), 4.97 (dd, J = 11.9, 2.3 Hz, 1H), 4.75 – 4.65 (m, 1H), 4.41 (dd, J = 10.5, 5.6 Hz, 1H), 
4.17 (d, J = 13.0 Hz, 1H), 4.12 – 4.02 (m, 1H), 3.79 (s, 3H), 3.75 (dd, J = 8.8, 3.9 Hz, 2H), 3.31 (ddd, J 
= 18.5, 11.5, 5.0 Hz, 2H), 3.07 (dd, J = 13.6, 1.9 Hz, 1H), 2.93 (dd, J = 14.1, 10.2 Hz, 1H), 1.07 (s, 9H).

13C NMR (100 MHz, CDCl3) δ 171.7, 170.2, 169.2, 167.8, 167.7, 137.4, 136.7, 134.5, 131.6, 131.6, 
129.8, 127.9, 127.4, 123.7, 79.2 – 76.1, 74.0, 60.6, 55.7, 54.1, 53.2, 52.6, 43.5, 36.8, 34.9, 27.3..

HRMS (ESI) [M+Na]+ m/z calcd for C30H34N4O8Na 601.2274, found 601.2299.

1H NMR (400M Hz, CDCl3-d)：
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13C NMR (100M Hz, CDCl3-d) (cyclic peptide 2i):
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HRMS ESI (cyclic peptide 2i):
6x10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

+ESI 全扫描 (6.863-6.963 分钟, 7 扫描数) Frag=135.0V 2f.d

* 601.2299

* 1179.4685

523.1821

922.0098
579.2452309.0993 638.3185 887.8380121.0509 1291.4150463.1615181.0649 822.0155351.1336

计数 与 质荷比 (m/z)

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925 950 975 1000 1025 1050 1075 1100 1125 1150 1175 1200 1225 1250 1275 1300 1325 1350 1375 1400 1425 1450 1475 1500 1525

Linear peptide 1j

Phth-Ala-Lys(Boc)-Gly-m-I-Phe-OMe

N

O

O
CH3

NH

O
NH

O

NH

O

COOMe

I

NHBoc

1H NMR (400 MHz, DMSO) δ 8.32 (dd, J = 17.8, 7.6 Hz, 2H), 8.18 (t, J = 5.8 Hz, 1H), 7.91 – 7.79 (m, 
4H), 7.58 (d, J = 7.5 Hz, 2H), 7.23 (d, J = 7.7 Hz, 1H), 7.08 (t, J = 7.8 Hz, 1H), 6.70 (t, J = 5.4 Hz, 1H), 
4.78 (q, J = 7.2 Hz, 1H), 4.49 – 4.39 (m, 1H), 4.17 (dd, J = 12.8, 8.8 Hz, 1H), 3.80 – 3.69 (m, 1H), 3.63 
(dd, J = 10.7, 6.2 Hz, 1H), 3.58 (s, 3H), 2.97 (dd, J = 13.7, 5.8 Hz, 1H), 2.89 (dd, J = 9.2, 4.5 Hz, 1H), 
2.83 (dd, J = 11.9, 5.9 Hz, 2H), 1.57 (td, J = 15.7, 9.1 Hz, 1H), 1.47 (t, J = 7.1 Hz, 3H), 1.41 – 1.33 (m, 
9H), 1.32 – 1.25 (m, 2H), 1.23 (s, 1H), 1.21 – 1.08 (m, 2H). 

13C NMR (100 MHz, DMSO) δ 172.5, 172.1, 169.3, 167.9, 140.3, 138.1, 135.8, 134.8, 132.4, 130.9, 
129.1, 123.4, 95.2, 77.8, 53.9, 53.7, 52.3, 48.3, 42.0, 40.6, 40.4, 40.2, 40.0, 39.8, 39.6, 39.4, 36.6, 31.4, 
29.4, 28.8, 23.1, 15.6.

HRMS (ESI) [M+Na]+ m/z calcd for C34H42IN5O9Na 814.1925, found 814.1977.
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1H NMR (400M Hz, DMSO-d6) (linear peptide 1j)：

13C NMR (400M Hz, DMSO-d6) (linear peptide 1j)：
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HRMS (ESI) (linear peptide 1j)：

Cyclic peptide 2j

N
O

O
O

HN

NH

O

N
H

O

NHBoc

MeOOC

1H NMR (400 MHz, DMSO) δ 8.27 (dd, J = 7.1, 5.2 Hz, 1H), 8.14 (d, J = 6.6 Hz, 1H), 7.95 – 7.86 (m, 
4H), 7.36 (s, 1H), 7.28 – 7.21 (m, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.03 (d, J = 7.6 Hz, 1H), 6.86 – 6.79 (m, 
1H), 6.68 (t, J = 5.4 Hz, 1H), 5.00 (dd, J = 11.8, 2.1 Hz, 1H), 4.64 – 4.47 (m, 1H), 4.02 (dt, J = 9.1, 6.1 
Hz, 1H), 3.87 (dd, J = 16.9, 7.3 Hz, 1H), 3.66 (s, 3H), 3.62 (d, J = 13.2 Hz, 1H), 3.44 (d, J = 4.8 Hz, 1H), 
3.06 (dd, J = 14.0, 3.5 Hz, 1H), 2.93 (dd, J = 14.0, 9.2 Hz, 1H), 2.83 – 2.76 (m, 2H), 2.74 (d, J = 6.8 Hz, 
1H), 1.53 (dt, J = 13.5, 6.4 Hz, 1H), 1.48 – 1.37 (m, 1H), 1.38 – 1.29 (m, 9H), 1.26 – 1.14 (m, 2H), 1.14 
– 0.97 (m, 2H). 

13C NMR (100 MHz, DMSO) δ 172.5, 171.8, 169.7, 167.9, 167.5, 155.9, 139.1, 136.3, 135.0, 132.2, 
130.6, 129.1, 128.2, 126.9, 123.6, 77.8, 54.6 – 54.1, 53.7, 53.4, 52.5, 42.9, 40.6, 40.4, 40.2, 40.0, 39.8, 
39.6, 39.3, 36.8, 35.5, 30.6, 28.7, 23.2.

HRMS (ESI) [M+Na]+ m/z calcd for C34H41N5O9Na 686.2802, found 686.2837.

1H NMR (400M Hz, DMSO-d6) (cyclic peptide 2j)：
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13C NMR (100M Hz, DMSO-d6) (cyclic peptide 2j)：
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HSQC (cyclic peptide 2j)：

HRMS (ESI) (cyclic peptide 2j)：
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Linear peptide 1k
Phth-Ala-Asp(OMe)-Gly-m-I-Phe-OMe

N

O

O

NH

O
NH

O

NH

O

COOMe

I

COOMe

1H NMR (400 MHz, DMSO) δ 8.47 (d, J = 7.9 Hz, 1H), 8.24 (d, J = 7.7 Hz, 1H), 8.08 (t, J = 5.9 Hz, 
1H), 7.90 – 7.82 (m, 4H), 7.58 (dd, J = 6.2, 1.2 Hz, 2H), 7.22 (d, J = 7.8 Hz, 1H), 7.09 (dd, J = 9.2, 6.8 
Hz, 1H), 4.81 (d, J = 7.2 Hz, 1H), 4.64 (d, J = 6.4 Hz, 1H), 4.48 – 4.38 (m, 1H), 3.67 (t, J = 5.8 Hz, 1H), 
3.65 – 3.60 (m, 1H), 3.58 (s, 3H), 3.56 (s, 3H), 2.97 (dd, J = 13.8, 5.9 Hz, 1H), 2.86 (dd, J = 13.7, 8.9 
Hz, 1H), 2.72 (dd, J = 16.0, 6.2 Hz, 1H), 2.44 (dd, J = 16.0, 7.9 Hz, 1H), 1.45 (d, J = 7.2 Hz, 3H).

 13C NMR (100 MHz, DMSO) δ 172.0, 171.0, 170.8, 169.4, 169.1, 167.7, 140.2, 138.14 135.9, 134.8, 
132.4, 130.9, 129.4 – 129.3, 123.5, 95.2, 53.9, 52.4, 51.9, 50.3, 48.1, 42.2, 40.6, 40.4, 40.2, 40.0, 39.7, 
39.6, 39.4, 36.6, 36.3, 15.4.

HRMS (ESI) [M+Na]+ m/z calcd for C28H29IN4O9Na 715.0877, found 715.0943.

1H NMR (400M Hz, DMSO-d6) (linear peptide 1k)：



S52

13C NMR (100M Hz, DMSO-d6) (linear peptide 1k)：

HRMS (ESI) (linear peptide 1k)：
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Cyclic peptide 2k

N
O

O

O
HN

NH O

HN

O

COOMe
MeOOC

1H NMR (400 MHz, DMSO) δ 8.40 (d, J = 7.0 Hz, 1H), 8.16 (t, J = 6.1 Hz, 1H), 7.90 (tdd, J = 6.1, 3.8, 
2.5 Hz, 4H), 7.38 (d, J = 5.7 Hz, 1H), 7.23 (t, J = 7.6 Hz, 1H), 7.12 – 7.00 (m, 3H), 5.05 (dd, J = 11.3, 
1.9 Hz, 1H), 4.54 (td, J = 9.0, 3.9 Hz, 1H), 4.48 (dd, J = 14.2, 7.2 Hz, 1H), 3.82 (dd, J = 16.6, 6.7 Hz, 
1H), 3.67 (s, 3H), 3.62 (dt, J = 11.9, 4.2 Hz, 2H), 3.59 – 3.56 (m, 1H), 3.46 (s, 4H), 3.06 (dd, J = 13.9, 
3.6 Hz, 1H), 2.89 (d, J = 13.0 Hz, 1H), 2.70 (dd, J = 16.2, 5.8 Hz, 1H), 2.46 (d, J = 8.4 Hz, 1H). 

13C NMR (100 MHz, DMSO) δ 171.7 , 170.8, 169.5, 168.0, 167.4, 138.9, 136.59, 135.0, 132.1, 130.6, 
129.1, 128.3, 127.1, 123.6, 53.7, 53.3, 52.5, 51.9, 51.1, 43.1, 40.6, 40.4, 40.2, 40.0, 39.8, 39.5, 39.3, 37.9, 
36.7, 35.6, 35.2, 35.0, 21.9.

HRMS (ESI) [M+H]+ m/z calcd for C28H29N4O9 565.1934, found 565.1951.

1H NMR (400M Hz, DMSO-d6) (cyclic peptide 2k)：
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13C NMR (100M Hz, DMSO-d6) (cyclic peptide 2k)：

HSQC(cyclic peptide 2k)：
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HRMS (ESI) (cyclic peptide 2k)：

Linear peptide 1l

N

O

O
NHO

N
H

O H
N

O
N
H

O

I

COOH

1H NMR (400 MHz, CD3OD) δ 7.89 – 7.84 (m, 2H), 7.84 – 7.78 (m, 2H), 7.61 (d, J = 1.4 Hz, 1H), 7.53 
(d, J = 7.9 Hz, 1H), 7.24 (d, J = 7.8 Hz, 1H), 7.02 (t, J = 7.8 Hz, 1H), 5.02 (t, J = 7.2 Hz, 1H), 4.59 (dd, 
J = 9.9, 4.8 Hz, 1H), 3.92 (s, 3H), 3.86 – 3.77 (m, 3H), 3.09 (dd, J = 14.1, 4.8 Hz, 1H), 2.86 – 2.80 (m, 
1H), 1.65 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CD3OD) δ 173.5, 172.9, 172.6, 172.5, 171.5, 169.3, 141.2, 139.2, 136.9, 135.5, 
133.3, 131.2, 129.6, 124.4, 94.9, 56.0, 44.4, 43.5, 41.8, 37.8, 15.3.

HRMS (ESI) [M+Na]+ m/z calcd for C26H26IN5NaO8 686.0724, found 686.0720

1H NMR (400 MHz, CD3OD) (linear peptide 1l):
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13C NMR (100 MHz, CD3OD) (linear peptide 1l):
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HRMS (ESI) (linear peptide 1l):

6x10
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Cyclic peptide 2l

N

O

O
HN

O

H
N

O

NH

O

HN

O

COOH

1H NMR (400 MHz, DMSO) δ 8.50 (t, J = 5.8 Hz, 1H), 8.14 (t, J = 5.6 Hz, 1H), 7.99 – 7.92 (m, 1H), 
7.89 (tdd, J = 6.2, 3.8, 2.4 Hz, 2H), 7.46 (s, 1H), 7.41 – 7.29 (m, 3H), 7.20 (t, J = 7.6 Hz, 1H), 7.08 (dd, 
J = 15.2, 7.6 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 5.32 (t, J = 4.7 Hz, 1H), 5.19 – 5.05 (m, 2H), 4.55 – 4.42 
(m, 1H), 4.10 – 3.99 (m, 1H), 3.95 (dd, J = 15.8, 5.9 Hz, 1H), 3.74 (dd, J = 16.4, 5.3 Hz, 1H), 3.62 – 3.55 
(m, 1H), 3.55 – 3.41 (m, 2H), 3.03 – 2.93 (m, 1H), 2.93 – 2.83 (m, 1H).

13C NMR (100 MHz, DMSO) δ 174.8, 172.0, 169.6, 168.4, 167.6.136.4, 135.0, 132.1, 130.1, 128.9, 
128.6, 128.4 – 128.3, 123.7, 70.2, 67.3 – 66.5, 66.4, 35.7, 31.8, 29.6, 29.3, 29.1, 27.0, 26.2 – 24.6, 22.6.

HRMS (ESI) [M+Na]+ m/z calcd for C26H26N5O8 536.1781 Da, found 536.1789 Da.

1H NMR (400 MHz, DMSO-d6) (cyclic peptide 2l):
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13C NMR (100 MHz, DMSO-d6) (cyclic peptide 2l):
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HRMS (ESI) (cyclic peptide 2l):

Linear peptide 1m

N

O

O

O

N
H

N

O
HN O

COOMe

I

1H NMR (400 MHz, CDCl3) δ 7.84 (dd, J = 5.4, 3.1 Hz, 2H), 7.72 (dd, J = 5.5, 3.0 Hz, 2H), 7.54 (d, J = 
7.9 Hz, 1H), 7.49 (d, J = 9.5 Hz, 1H), 7.18 (d, J = 7.9 Hz, 1H), 7.08 (d, J = 7.7 Hz, 1H), 7.00 (dd, J = 
16.8, 9.0 Hz, 2H), 5.01 (q, J = 7.3 Hz, 1H), 4.78 (td, J = 7.6, 5.5 Hz, 1H), 4.54 – 4.46 (m, 1H), 4.07 (dd, 
J = 16.5, 3.4 Hz, 1H), 3.93 (dd, J = 17.5, 3.8 Hz, 1H), 3.73 (s, 3H), 3.56 – 3.42 (m, 1H), 3.37 (dd, J = 
17.2, 8.6 Hz, 1H), 3.10 (dd, J = 14.0, 5.4 Hz, 1H), 2.95 – 2.86 (m, 1H), 2.29 (dd, J = 11.7, 6.0 Hz, 1H), 
2.01 – 1.92 (m, 2H), 1.92 – 1.81 (m, 1H), 1.76 (d, J = 7.3 Hz, 3H).

13C NMR (100 MHz, CDCl3) δ 171.5, 170.4, 169.2, 168.1, 167.8, 138.7, 138.1, 136.0, 134.2, 131.9, 
130.1, 128.6, 123.5, 94.3, 77.4, 77.1, 76.8, 60.4, 60.1, 53.1, 52.9, 52.5, 49.0, 46.5, 42.3, 37.2, 27.5, 24.7, 
15.4.

HRMS (ESI) [M+Na]+ m/z calcd for C28H29IN4O7Na 683.0979, found 683.1142.

1H NMR (400M Hz, CDCl3-d) (linear peptide 1m)：
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13C NMR (100M Hz, CDCl3-d) (linear peptide 1m):
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HRMS (ESI) (linear peptide 1m)：

Cyclic peptide 2m

N OO

O

H
N

NO

NH

O

MeOOC

1H NMR (400 MHz, CDCl3) δ 8.17 (d, J = 5.4 Hz, 1H), 7.91 (dt, J = 7.0, 3.5 Hz, 2H), 7.79 (td, J = 5.2, 
2.1 Hz, 2H), 7.62 (dd, J = 7.7, 2.5 Hz, 1H), 7.35 (dd, J = 3.9, 1.5 Hz, 2H), 7.20 (dd, J = 5.7, 2.5 Hz, 1H), 
5.32 (dd, J = 13.2, 4.8 Hz, 1H), 4.73 (d, J = 7.4 Hz, 1H), 4.40 – 4.32 (m, 1H), 4.32 – 4.24 (m, 1H), 4.12 
(q, J = 7.1 Hz, 1H), 3.93 – 3.83 (m, 1H), 3.80 (s, 3H), 3.59 – 3.47 (m, 1H), 3.45 (dd, J = 16.0, 3.0 Hz, 
1H), 3.28 (dd, J = 9.5, 7.6 Hz, 1H), 3.24 – 3.18 (m, 1H), 3.12 (dd, J = 14.1, 4.7 Hz, 1H), 2.56 (dd, J = 
12.3, 4.8 Hz, 1H), 2.00 – 1.86 (m, 2H), 1.72 (ddd, J = 12.0, 9.9, 6.0 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 172.3, 170.5, 169.0, 168.0, 167.8, 137.1, 135.5, 134.5, 132.0, 131.6, 
129.4, 127.8, 127.1, 123.8, 77.4, 77.1, 76.7, 60.4, 59.4, 56.1, 55.8, 52.5, 47.0, 41.2, 37.5, 36.1, 25.7, 24.6, 
21.1, 14.2.

HRMS (ESI) [M+H]+ m/z calcd for C28H29N4O7 533.2036, found 533.2036; [M+Na]+ m/z calcd for 
C28H28N4O7Na 555.1856, found 555.1917.

1H NMR (400M Hz, CDCl3-d) (cyclic peptide 2m)：
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13C NMR (100M Hz, CDCl3-d) (cyclic peptide 2m)：
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HRMS (ESI) (cyclic peptide 2m)：

Linear peptide 1n

N

CH3
NH

O

O

N

HN
O
H
N

O

COOMe

O

O

I

1H NMR (400 MHz, CDCl3) δ 7.84 (dt, J = 6.9, 3.5 Hz, 2H), 7.77 – 7.70 (m, 2H), 7.55 (d, J = 7.8 Hz, 
1H), 7.48 (s, 1H), 7.11 (d, J = 7.6 Hz, 1H), 7.01 (dd, J = 9.0, 6.4 Hz, 3H), 6.83 (d, J = 7.5 Hz, 1H), 4.98 
(q, J = 7.3 Hz, 1H), 4.75 (dd, J = 13.6, 6.3 Hz, 1H), 4.53 – 4.43 (m, 1H), 4.34 (dd, J = 14.3, 7.2 Hz, 1H), 
4.06 (d, J = 4.0 Hz, 2H), 3.71 (s, 3H), 3.62 (dd, J = 12.1, 5.6 Hz, 1H), 3.45 (d, J = 8.6 Hz, 1H), 3.09 (dd, 
J = 13.9, 5.9 Hz, 1H), 3.04 – 2.94 (m, 1H), 2.27 – 2.17 (m, 1H), 2.15 – 2.06 (m, 1H), 2.05 – 1.96 (m, 
2H), 1.73 (d, J = 7.3 Hz, 3H), 1.28 (d, J = 7.1 Hz, 3H).

13C NMR (100 MHz, CDCl3) δ 171.8, 171.6, 170.9, 169.4, 168.3, 167.8, 138.6, 138.3, 136.1, 134.3, 
131.9, 130.3, 128.6, 123.6, 94.3, 77.4, 77.0, 76.7, 60.5, 53.3, 52.5, 49.3, 49.0, 46.7, 42.6, 37.2, 28.1, 24.9, 
17.2, 15.4.

HRMS (ESI) [M+Na]+ m/z calcd for C31H34IN5O8Na 754.1350, found 754.1431.

1H NMR (400M Hz, CDCl3-d) (linear peptide 1n):
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13C NMR (100M Hz, CDCl3-d) (linear peptide 1n):
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HRMS (ESI) (linear peptide 1n):

Cyclic peptide 2n

N

NHO
O

N
N
H

O
HN

O

MeOOC

O

O

1H NMR (400 MHz, CDCl3) δ 7.83 (dt, J = 7.0, 3.5 Hz, 2H), 7.78 – 7.68 (m, 2H), 7.65 (d, J = 3.6 Hz, 
1H), 7.35 (s, 1H), 7.25 – 7.15 (m, 2H), 7.11 (dd, J = 11.1, 7.9 Hz, 2H), 6.69 (d, J = 7.5 Hz, 1H), 4.98 – 
4.86 (m, 2H), 4.49 (dd, J = 8.7, 2.9 Hz, 1H), 4.20 (t, J = 7.4 Hz, 1H), 4.10 – 3.95 (m, 1H), 3.86 (d, J = 
13.6 Hz, 1H), 3.83 – 3.72 (m, 2H), 3.68 (d, J = 4.8 Hz, 3H), 3.42 (dd, J = 16.5, 9.2 Hz, 1H), 3.27 (dd, J 
= 14.2, 4.1 Hz, 1H), 2.90 (ddd, J = 14.1, 11.0, 8.0 Hz, 2H), 2.19 (ddd, J = 12.8, 6.4, 3.2 Hz, 1H), 2.15 – 
2.03 (m, 1H), 1.87 (ddd, J = 29.0, 12.6, 6.1 Hz, 2H), 1.00 (d, J = 7.4 Hz, 3H).

13C NMR (100 MHz, CDCl3)  δ 173.1, 172.1 170.2, 169.4, 168.5, 167.9, 137.8, 135.5, 134.7, 131.5, 
131.2, 129.5, 127.4, 127.0, 123.8, 78.8 – 75.0, 61.4, 56.5, 52.4, 50.2, 48.0, 43.2, 37.1, 36.7, 29.3, 24.4, 
16.8.

HRMS (ESI) [M+H]+ m/z calcd for C31H34N5O8 604.2407, found 604.2410.

1H NMR (400M Hz, CDCl3 -d) (cyclic peptide 2n):
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13C NMR (100M Hz, CDCl3 -d) (cyclic peptide 2n):
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HRMS (ESI) (cyclic peptide 2n):

Linear peptide 1o

N

CH3
NH

O

O

N

HN
O
H
N

O

COOMe

O

O

I

1H NMR (400 MHz, CDCl3) δ 7.85 (dt, J = 7.8, 3.9 Hz, 2H), 7.75 – 7.70 (m, 2H), 7.57 (t, J = 6.9 Hz, 
2H), 7.11 – 7.04 (m, 2H), 6.88 (q, J = 5.4 Hz, 3H), 4.99 (q, J = 7.3 Hz, 1H), 4.75 (dd, J = 13.7, 6.2 Hz, 
1H), 4.43 – 4.41 (m, 1H), 4.34 – 4.30 (m, 1H), 4.04 (t, J = 4.2 Hz, 2H), 3.70 (s, 3H), 3.58 (d, J = 3.6 Hz, 
1H), 3.45 (dd, J = 16.8, 7.7 Hz, 1H), 3.08 (dt, J = 11.4, 5.7 Hz, 1H), 3.04 – 2.96 (m, 1H), 2.17 (ddd, J = 
9.0, 6.5, 3.3 Hz, 1H), 2.08 (dd, J = 8.2, 2.5 Hz, 1H), 2.02 – 1.94 (m, 2H), 1.73 (d, J = 7.3 Hz, 3H), 1.24 
(d, J = 7.1 Hz, 3H).

13C NMR (100 MHz, CDCl3) δ 171.8, 171.6, 170.9, 169.4, 168.1, 167.8, 137.5, 135.7, 134.2, 131.9, 
131.4, 123.5, 92.5, 77.4, 77.1, 76.8, 60.3, 53.1, 52.4, 49.2, 49.0, 46.7, 42.6, 37.2, 28.2, 24.9, 17.2, 15.4.

HRMS (ESI) [M+Na]+ m/z calcd for C31H34IN5O8Na 754.1350, found 754.1412.

1H NMR (400M Hz, CDCl3) (linear peptide 1o) (further purified)：
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13C NMR (100M Hz, CDCl3) (linear peptide 1o) (further purified)：

HRMS (ESI) (linear peptide 1o)：
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Cyclic peptide 2o

N

NHO
O

N
N
H

OHN

O

MeOOC O

O

1H NMR (400 MHz, CDCl3) δ 7.82 (dd, J = 5.4, 3.0 Hz, 2H), 7.68 (dd, J = 5.4, 3.0 Hz, 2H), 7.33 (d, J = 
7.9 Hz, 2H), 7.07 (dd, J = 17.3, 8.2 Hz, 3H), 6.66 (s, 1H), 6.24 (d, J = 7.5 Hz, 1H), 5.31 (dd, J = 12.8, 
3.3 Hz, 1H), 4.89 (dt, J = 8.5, 5.2 Hz, 1H), 4.44 – 4.28 (m, 2H), 4.22 (dd, J = 13.2, 6.5 Hz, 1H), 4.10 – 
4.00 (m, 1H), 3.78 (d, J = 3.3 Hz, 1H), 3.73 (d, J = 12.2 Hz, 3H), 3.53 – 3.43 (m, 1H), 3.27 (dd, J = 17.2, 
7.9 Hz, 1H), 3.17 – 3.08 (m, 2H), 3.03 (dd, J = 13.9, 5.1 Hz, 1H), 2.11 (ddd, J = 11.2, 8.1, 3.7 Hz, 2H), 
1.88 – 1.79 (m, 2H), 1.28 (d, J = 7.2 Hz, 3H).

13C NMR (100 MHz, CDCl3) δ 170.8, 170.6, 169.2, 167.1, 166.9, 166.7, 134.9, 133.3, 130.9, 129.9, 
129.5, 127.8, 122.6, 77.6 – 75.0, 64.5, 60.9, 51.7, 51.5, 51.4, 48.9, 45.9, 42.1, 36.4, 34.33 (s), 29.5, 27.9, 
23.6, 18.2, 17.3, 12.7.

HRMS (ESI) [M+Na]+ m/z calcd for C31H33N5O8Na 626.2227, found 626.2283.

1H NMR (400M Hz, CDCl3-d) (cyclic peptide 2o):
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13C NMR (100M Hz, CDCl3-d) (cyclic peptide 2o):
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HRMS (ESI) (cyclic peptide 2o):

Linear peptide 1p

N
O

O

HN
O

HN

O

NH
O

HN
PbfHN

NH MeOOC HN

O
COOMe

I

1H NMR (400 MHz, CDCl3) δ 7.86 (s, 1H), 7.76 (dd, J = 5.3, 3.0 Hz, 2H), 7.64 (dd, J = 5.3, 3.0 Hz, 2H), 
7.57 (d, J = 8.8 Hz, 1H), 7.54 – 7.46 (m, 3H), 7.38 (d, J = 8.1 Hz, 1H), 7.10 (d, J = 7.7 Hz, 1H), 6.99 
(dd, J = 10.0, 5.9 Hz, 1H), 6.35 (s, 2H), 6.13 (s, 1H), 4.97 (q, J = 7.0 Hz, 1H), 4.82 (dd, J = 13.4, 5.7 Hz, 
1H), 4.65 (dd, J = 14.1, 7.2 Hz, 1H), 4.45 (s, 1H), 3.99 – 3.82 (m, 2H), 3.63 – 3.59 (m, 3H), 3.56 (d, J = 
10.9 Hz, 3H), 3.20 (s, 2H), 2.97 – 2.90 (m, 4H), 2.85 (d, J = 5.7 Hz, 1H), 2.72 (dd, J = 17.0, 5.8 Hz, 1H), 
2.46 (d, J = 22.2 Hz, 5H), 2.05 (d, J = 7.9 Hz, 4H), 1.89 (dd, J = 15.4, 6.7 Hz, 1H), 1.72 (d, J = 8.5 Hz, 
1H), 1.60 (d, J = 7.2 Hz, 3H), 1.56 (s, 2H), 1.45 (s, 6H).

13C NMR (100 MHz, CDCl3) δ 172.8, 171.8, 171.2, 170.5, 170.3, 167.8, 162.6, 158.8, 156.4, 138.9, 
138.2, 135.9, 134.2, 132.2, 131.9, 130.2, 128.6, 124.7, 123.4, 117.6, 94.4, 86.5, 78.2 – 76.1, 60.4, 53.6 , 
52.3, 52.1, 49.6, 48.7, 43.5, 43.2, 37.0, 36.5, 35.3, 28.6, 21.1, 19.3, 18.0, 15.3, 14.2, 12.5.

HRMS (ESI) [M+H]+ m/z calcd C47H58IN8O13S for 1101.2810, found 1101.2875.

1H NMR (400M Hz, CDCl3) (linear peptide 1p):
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13C NMR (100M Hz, CDCl3) (linear peptide 1p):

HRMS (ESI) (linear peptide 1p):
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Linear peptide 2p

N OO

NH

O

NH

O

N
H O

N
H

NHPbf

NH

HN

O

MeOOC

MeOOC

1H NMR (400 MHz, DMSO) δ 8.20 (d, J = 7.8 Hz, 1H), 8.19 – 8.09 (m, 1H), 8.03 (d, J = 7.8 Hz, 1H), 
7.94 – 7.81 (m, 3H), 7.76 – 7.64 (m, 3H), 7.34 (d, J = 15.0 Hz, 1H), 7.19 (s, 1H), 7.08 (t, J = 7.6 Hz, 
1H), 6.92 (d, J = 6.3 Hz, 1H), 6.65 (s, 1H), 6.32 (d, J = 32.6 Hz, 1H), 5.32 (t, J = 4.7 Hz, 1H), 5.05 (dd, 
J = 8.6, 5.7 Hz, 1H), 4.68 – 4.53 (m, 2H), 4.15 – 4.06 (m, 1H), 3.77 (dd, J = 16.7, 5.2 Hz, 1H), 3.74 – 
3.64 (m, 3H), 3.63 – 3.49 (m, 3H), 3.48 – 3.33 (m, 1H), 3.25 – 3.13 (m, 2H), 3.10 (dd, J = 14.0, 3.0 Hz, 
1H), 2.96 – 2.85 (m, 4H), 2.44 (s, 3H), 2.39 (s, 2H), 1.98 (s, 3H), 1.63 (dd, J = 14.7, 6.8 Hz, 3H), 1.53 
(d, J = 6.6 Hz, 3H), 1.39 (d, J = 5.9 Hz, 6H).

13C NMR (100 MHz, DMSO) δ 174.8, 170.8, 169.2 – 168.9, 168.1, 167.4, 132.2, 132.0, 130.1 129.1, 
125.3 – 124.6, 123.6, 86.8, 65.5, 40.0, 35.6, 31.8, 30.5, 29.6, 29.5, 29.3, 29.1, 28.8, 27.0, 25.6, 22.6, 19.1, 
14.4, 14.0, 12.7.

HRMS (ESI) [M+H]+ m/z calcd for C47H57N8O13S 973.3766, found 973.3761； [M+Na]+ m/z calcd for 
C47H56N8O13SNa 995.3585, found 995.3586.

1H NMR (400M Hz, DMSO-d6) (cyclic peptide 2p):
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13C NMR (100M Hz, DMSO-d6) (cyclic peptide 2p):
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HRMS (ESI) (cyclic peptide 2p):

Linear peptide 1q

N

O

O NH

O

NH

O ONH

COOtBu

N

I
Ts

1H NMR (400 MHz, CDCl3) δ 8.27 (d, J = 1.2 Hz, 1H), 7.76 (td, J = 5.2, 2.0 Hz, 2H), 7.71 (d, J = 8.4 
Hz, 2H), 7.67 (td, J = 5.2, 2.0 Hz, 2H), 7.51 (dd, J = 8.3, 1.4 Hz, 1H), 7.30 (s, 1H), 7.25 – 7.21 (m, 3H), 
6.82 (d, J = 7.7 Hz, 1H), 6.71 (dd, J = 9.8, 8.2 Hz, 2H), 4.94 (dd, J = 11.3, 4.9 Hz, 1H), 4.63 (q, J = 6.0 
Hz, 1H), 4.53 – 4.40 (m, 1H), 4.17 (dd, J = 8.2, 6.8 Hz, 1H), 3.04 (d, J = 6.3 Hz, 2H), 2.35 (s, 3H), 2.33 
– 2.27 (m, 1H), 2.14 (dd, J = 13.5, 6.8 Hz, 1H), 1.90 – 1.81 (m, 1H), 1.63 (dd, J = 7.2, 5.5 Hz, 3H), 1.49 
– 1.38 (m, 1H), 1.27 – 1.22 (m, 9H), 1.02 – 0.80 (m, 18H). 

13C NMR (100 MHz, CDCl3) δ 172.1, 170.6, 169.9, 169.8, 168.2, 145.3, 135.7, 134.9, 134.3, 132.2, 
131.6, 130.2, 130.1, 126.9, 124.6, 123.6, 122.4, 121.3 , 117.3, 89.1, 82.7, 77.4, 77.1, 76.7, 58.9, 52.9, 
52.7, 52.5, 40.4, 37.5, 30.2, 27.8, 27.3, 25.2, 24.8, 23.2, 23.0, 21.8, 21.6, 21.3, 19.3 , 18.0.

HRMS (ESI) [M+Na]+ m/z calcd for C47H58IN5O9SNa 1018.2898, found 1018.2886.

1H NMR (400M Hz, CDCl3 -d) (linear peptide 1q):
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13C NMR (100M Hz, CDCl3-d) (linear peptide 1q):
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HRMS (ESI) (linear peptide 1q):

Cyclic peptide 2q

N

O

O
NH

O
NH

O O NH

N
Ts

COOtBu

1H NMR (600 MHz, CDCl3) δ 7.96 (s, 1H), 7.78 (dd, J = 5.4, 3.0 Hz, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.68 
(d, J = 8.1 Hz, 1H), 7.67 – 7.62 (m, 3H), 7.38 (t, J = 7.6 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.27 (d, J = 
7.7 Hz, 2H), 6.78 (d, J = 7.5 Hz, 1H), 6.68 (d, J = 8.5 Hz, 1H), 6.62 (d, J = 7.1 Hz, 1H), 4.96 (dd, J = 
11.3, 4.9 Hz, 1H), 4.76 (dt, J = 9.8, 6.8 Hz, 1H), 4.47 (dd, J = 14.3, 7.4 Hz, 1H), 4.27 (dd, J = 8.4, 6.0 
Hz, 1H), 3.37 (dd, J = 14.3, 5.7 Hz, 1H), 3.15 (dd, J = 14.3, 10.0 Hz, 1H), 2.55 (d, J = 8.4 Hz, 3H), 2.41 
– 2.37 (m, 1H), 2.35 (d, J = 4.3 Hz, 1H), 2.30 (dt, J = 13.2, 6.5 Hz, 1H), 1.77 – 1.72 (m, 1H), 1.62 – 1.56 
(m, 1H), 1.54 – 1.47 (m, 1H), 1.05 (s, 9H), 0.98 (t, J = 6.4 Hz, 9H), 0.93 (dd, J = 12.2, 6.6 Hz, 9H).

13C NMR (150 MHz, CDCl3) δ 171.8, 170.5, 170.1, 169.9, 168.1, 145.7, 135.4, 134.4, 133.4, 132.30 (s), 
131.5, 130.3, 129.7, 127.8, 126.1, 123.8, 123.6, 123.2, 122.3, 120.9, 111.8, 111.8, 82.8, 80.2 – 73.5, 58.6, 
52.9, 52.6, 40.3, 37.6, 29.8, 28.0, 27.4, 25.3, 24.9, 23.2, 22.9, 21.9, 21.3, 19.3, 17.7.

HRMS (ESI) [M+H]+ m/z calcd.for C47H58N5O9S: 890.3775; found: 890.3770.

1H NMR (400M Hz, CDCl3 -d) (cyclic peptide 2q):
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13C NMR (100M Hz, CDCl3 -d) (cyclic peptide 2q):
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HSQC (cyclic peptide 2q):

HMBC (cyclic peptide 2q):
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NOESY (cyclic peptide 2q):

(Note: No correlation between Hα (4.96 ppm) and Hβ (2.37 ppm) of βs-Leu1 was observed, 
indicating the an antiperiplanar arrangement of these two proton)

HRMS (ESI) (cyclic peptide 2q):

Compound 2r (Celogentin C ring A)

NH

O

NH O

N
Ts

HN

O

H
N

O

H
N

O
COOtBu

1H NMR (400 MHz, CD3OD) δ 7.86 (dt, J = 6.9, 3.5 Hz, 2H), 7.80 – 7.73 (m, 2H), 7.31 (t, J = 7.6 Hz, 
1H), 7.27 (s, 1H), 7.68 (d, J = 3.3, 2H), 7.64 (s, 1H), 7.50 (d, J = 8.1 Hz, 1H), 7.35 (s, 1H), 7.23 (d, J = 
8.0, 2H), 7.16 (d, J = 8.2, 1H), 5.30 (dd, J = 9.6, 5.5 Hz, 1H), 4.28 (dd, J = 8.5, 3.6 Hz, 1H), 4.20 (dd, J 
= 10.6, 3.9 1H), 3.62 (d, J = 7.5, 1H), 3.41 (dd, J = 15.8., 6.4 Hz, 1H), 3.21 (dd, J = 12.5, 4.0 Hz, 1H), 
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2.44 (m, 1H), 2.33 (s, 3H), 2.24 (m, 1H), 1.98 (m, 2H), 1.52 (s,9H), 1.46-1.28 (m, 3H), 0.92-0.77 (m, 
18H).

13C NMR (100 MHz, CD3OD) δ 175.5, 173.9, 172.3, 172.2, 172.0, 147.6., 137.7, 135.4, 131.6, 128.5, 
127.0, 124.9, 121.2, 119.9, 118.2, 83.9, 58.3, 54.9, 54.0, 53.3, 51.7, 50.2-49.8, 44.2, 32.8, 31.5, 28.8, 
27.4, 26.6, 24.0, 22.6, 22.0, 21.9, 19.5, 19.4, 18.1.

HRMS (ESI) [M+Na]+ m/z calcd for C44H60N6NaO9S 871.4040, found 871.4043.

1H NMR (400 MHz, CD3OD)

13C NMR (100 MHz, CD3OD)
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HRMS (ESI):
6x10
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