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1. General considerations

All the involved Fmoc (or Boc) protected amino acids were purchased from G L Biochem
(Shanghai) Ltd. All the chemical reagents and raw materials were purchased and used without further
purification unless otherwise noted and remarked. All experiment procedures were carried out by
standard experiment methods. The rotary evaporator (RE-52AA, Shanghai) and circulating water
multi-purpose vacuum pump (SHB-III, Zhengzhou) were employed to concentrate the samples.
Magnetic stirrers (ST 15 0SA, UK) were used to completed liquid phase stirring reactions. The
four-use UV analyzer (ZF-8, Shanghai ) and silica gel GF2s4 (0.15mm thick, Qingdao) plates were
used for TLC analysis. The melting point (mp) test was implemented with the digital melting-point
apparatus (WRS-1B, Shanghai). *H NMR (400 MHz), *C NMR (100 MHz), and *!P NMR (162
MHz) spectra were recorded on a Bruker NMR spectrometer (Bruker Avance 400 MHz, Germany).
Spectra were obtained in DMSO-ds (o1 2.50 ppm, oc 39.52 ppm) or CDClz (6n 7.26 ppm, dc 77.16
ppm,) or D20 (Jn 4.79 ppm). HRMS data were recorded on a Thermo Scientific LTQ Orbitrap XL
using ESI ionization. HPLC analyses for the ultimate cyclopeptide products were performed with LC
3000 HPLC system with CXTH-3000 work station using analysis columns (Kromasil,
NC-2546-06251151; 250 x<4.6 mm).

2. Abbreviations

AA: Amino acid

BDKO: 4,4’-bis(diphenylphosphinyloxyl) diphenyl ketoxime

DCM: Dichloromethane

DEA: Diethylamine

DIPEA: N, N -diisopropylethylamine

DPBA: 4-diphenyl phospholoxy benzyl alcohol

DMAP: 4-dimethylaminopyridine

DPP-CI Diphenylphosphinic chloride

EA: Ethyl acetate

EDCI: 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
HOBt: 1-hydroxybenzotriazole

MeOH: Methanol

MeCN: Acetonitrile

PE: Petroleum ether

PyBOP: Benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate
TFA: Trifluoroacetic acid

SAP: Support Aid Precipiation

GPS: Greener Peptide Supports.
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3. Synthesis of 4-diphenylphospholoxy benzyl alcohol DPBA supports

0 WV, N,
@\P// - EtN o /OJ BaBH, o /@J
ot P

\ THF, rt, 1h \ R MeOH 0°C,1h
1a, R=H, 99% 3a, R=H, 96%
DPP-CI R=H, OCH3 2a, R= OCHgs, 97% DPBA 4a, R= OCHjz, 95%

p-Hydroxy benzaldehyde (1.22 g, 10 mmol) was added to a solution of EtsN (1.7 mL, 12 mmol)
in THF (50 mL) at 0 <C and stirred for 20 min. The mixture was added with DPP-CI (1.9 mL, 10
mmol) dropwise and stirred for 1 h. The mixture was quenched with 5 mL 0.1 mol/L H.SO4 and
concentrated. The residue was then dissolved in 50 mL ethyl acetate and washed with H>O and dried
with MgSQO4. Concentration to afford 1a. [2a according to the above procedure.]

NaBH. (456 mg, 12 mmol) was added to a solution of 1a (1.29 g, 4 mmol) in CH3OH (25 mL)
at 0 <C and the mixture was sealed and stirred for 1 h. The mixture was quenched by adding 10 mL
saturated NH4Cl and concentrated to remove the CH3OH. The residue was dissolved in 30 mL EA
and washed with H2O, dried with MgSO4. 5 mL EA was added to dissolve the sample after
concentration and 30 mL of petroleum ether (Vea/Vee =1:6) was added dropwise and stirred.
Precipitate appeared and filtered to afford the pure product DPBA, 3a. [4a according to the above
procedure.]

Q 1a, (3.18 g, 99% vyield), white solid, Rf= 0.50, (n-hexane: EA= 4: 1), mp
4 @A 93.1-94.3 T.'H NMR (400MHz, CDCl3), 6 9.92 (s, 1H), 7.94-7.89 (dd,
@ J= 8.0 Hz, 4H), 7.82-7.80 (d, J=8.0 Hz, 2H), 7.60-7.57 (m, 2H), 7.53-7.48
e ' (m, 4H), 7.42-7.40 (d, J= 8.0 Hz, 2H) ppm; 3C NMR (100MHz, CDCls), &
190.8, 155.9, 132.8, 131.8, 131.6, 131.0, 129.6, 128.7, 121.2 ppm; 3P NMR (162MHz, CDCls), ¢
31.72 ppm; HRMS (ESI) m/z calcd for C19H1603P* [M+H]* 323.08316, found 323.08359.

. 2a, (3.42 g, 97% yield), white solid, R¢= 0.30, (n-hexane: EA= 4: 1), mp
@ // "O! 845-87.9 T.'H NMR (400MHz, CDCly), 6 9.85 (s, 1H), 7.97-7.92 (dd,
. J=8.0 Hz, 4H), 7.62-7.60 (d, J= 8.0 Hz, 1H), 7.55-7.32 (m, 8H), 3.87 (s,

1H) ppm; BC NMR (100MHz, CDCls), 5 190.9, 151.4, 145.37, 145.3,
133.6, 132.7, 131.8, 131.3, 129.9, 128.5, 125.3, 122.0, 110.5, 55.9 ppm; 3P NMR (162MHz, CDCl3),
8 32.19 ppm; HRMS (ESI) m/z calcd for CooH1s04P* [M+H]* 353.09372, found 353.09390.

@ o : DPBA, 3a (1.23 g, 96% yield), white solid, Rf= 0.55 (n-hexane: EA=
P//\O/QAOHE 2:5), mp 117.5-120.8 <. *H NMR (400MHz, DMSO-ds), 6 7.93-7.88
| N :(m, 4H), 7.64-7.53 (m, 6H), 7.26-7.21 (t, 4H), 5.16-5.13 (t, 1H),
@ 4.41-4.40 (d, J= 4.0 Hz, 2H) ppm; *C NMR (100MHz, DMSO-dg), ¢
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149.8, 139.4, 133.2, 132.1, 130.6, 129.4, 128.3, 120.7, 62.7 ppm; 3P NMR (162MHz, DMSO-ds), &
28.99 ppm. HRMS (ESI) m/z calcd for C19H1505P* [M+H]* 325.09881, found 325.09894.

T DPBA, 4a (1.35 g, 95% yield), white solid, Re= 0.20, (n-hexane: EA= 1
@ J/ OH! 1), mp 92.9-96.1 <. 'H NMR (400MHz, CDCls), 6 7.93-7.88 (dd, J=
s 0 Len . 8.0 HZ, 4H), 7.49-7.47 (m, 2H), 7.43-7.40 (m, 4H), 7.27-7.25 (d, J= 8.0

< > 3 :

__________________________________ HZ, 1H), 6.88 (s, 1H), 6.71-6.69 (d, J= 8.0 HZ, 1H), 4.53 (s, 2H), 3.72
(s, 3H), 3.03 (s, 1H) ppm; *C NMR (100MHz, CDCls), § 150.6, 138.9, 132.3, 131.9, 131.7, 130.4,
128.5, 121.7, 121.27, 118.9, 111.1, 64.5, 55.7 ppm; *P NMR (162MHz, CDCls), § 31.30 ppm.
HRMS (ESI) m/z calcd for CaoHa004P* [M+H]* 355.10937, found 355.10992.

4. Synthesis of BDKO attached hexapeptide.

Ph /O O\\ Ph C\)\ Ph
~elo o-p~ 0-R~
gRagys O " Ay

/ L Boc (@] TFA o
— Boc--Val-OH TFA/DCM
N A N= H,N N=
EDCI, DMAP HN\:)\O/ (v/v, 1:1) 2 \:)KO/

n () e LT Qe LT Qe
= DCM, r.t,1h N 5 H 0°C,1h N P‘
Ph= R L-Val ~ph L-Val 0P,

(0] (0]
BDK=N-OH Boc-Val-O-N=BDKO  98% NH,--Val-O-N=BDKO

Synthesis of Boc--Val-O-N=BDKO: EDCI (458 mg, 2.4 mmol, 1.2 equiv) and DMAP (32 mg,
0.24 mmol, 0.12 equiv) were added to a solution of Boc--Val-OH (455 mg, 2.1 mmol, 1.05 equiv) in
DCM (30 mL) at 0 <C and stirred for 10 min. The reaction mixture was then added with BDKO
(1.26 g, 2.0 mmol, 1.0 equiv) and stirred at room temperature for 1 h. The mixture was then washed
with saturated NH4Cl and NaHCO3 respectively and dried with anhydrous MgSQOs. 3.0 mL ethyl
acetate was added to dissolve the sample after concentration, and 15 mL of petroleum ether (Vea/Vee
=1:5) was added dropwise and stirred. Precipitate appeared, and the precipitate was filtered and dried
to afford the product Boc--Val-O-N=BDKO (1.62 g, 98% vyield).

remmmeeseeeeenssssesesossooseessoooooo . Boc--Val-O-N=BDKO. 1b-1, white solid, Rt = 0.45 (CH:Cl.:

o MeOH= 60:1). *H NMR (400 MHz, CDCls), 6 7.95-7.86 (m, 8 H),

NI,0 L-Val 7.61-7.41 (m, 14 H), 7.31-7.29 (m, 2 H), 7.22-7.16 (m, 4 H),

o o\ ) 5.01-4.98 (d, 1 H), 4.16-4.12 (m, 1 H), 1.92-1.88 (m, 1 H), 1.43 (s,
QP/Q ©P© 9 H), 0.85-0.83 (d, 3 H), 0.76-0.75 (d, 3 H) ppm; *P NMR (162
~ g W U . MHz, CDCls), § 30.77 ppm; 3C NMR (100 MHz, CDCls), §

169.8, 164.1, 155.5, 153.3, 152.0, 132.8, 131.8, 131.2, 130.7, 129.8, 128.8, 128.2, 120.7, 79.9, 57.7,
31.2, 28.3, 18.8, 17.6 ppm; HRMS (ESI) m/z calcd for Ca7HazN2OgP2* (M+H)* 829.28022, found
829.28052.
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de-Boc general procedure: The dry Boc--Val-O-N=BDKO (1.62 g, 1.95 mmol) was added to a
dry rounded bottom flask with 3 mL dry DCM, and the solution was stirred at 0 <C for 10 min. Then
3 mL of dry TFA (99.9% purity) was added to the above solution and stirred for 1 h at 0 <C. Then
removed most of the TFA by reduced pressure concentration at room temperature, and DCM was
continuously added 3 times and concentrated to remove all the residual TFA to afford the de-Boc
product: TFA‘NH2--Val-O-N=BDKO for next use.

o) o}
O’\I\D,Ph o—\P’Ph
L-Phe
- Ak
o Boc--Phe-OH o
EDCI, HOBt, DIEA H
TFA HN I N= > B°°\HN N\_)J\O/N—
: O oh DCM, 0°C, 1 h o i O Ph
Lval 7 o-p. /\LV | o-p.
4P 92% va JPn
NH,--Val-O-N=BDKO Boc--Phe-tVal-O-N=BDKO

Synthesis of Boc--Phe--Val-O-N=BDKO: EDCI (460 mg, 2.4 mmol, 1.2 equiv), HOBt (285 mg,
2.1 mmol, 1.05 equiv) were added to a solution of Boc--Phe-OH (555 mg, 2.1 mmol, 1.05 equiv) in
DCM (30 mL) at 0 <C and stirred for 0.5 h. Then TFA'NH--Phe-O-N=BDK (2.0 mmol, 1.0 equiv)
was added to the mixture at 0 <C and stirred for 10 min. DIPEA (690 mL, 4.2 mmol, 2.1 equiv) was
also added to the mixture subsequently and stirred for 1 h. The mixture was then washed with
saturation NaHCOs, dried with anhydrous MgSOa4. 7.0 mL ethyl acetate was added to dissolve the
sample after concentration, and 50 mL of petroleum ether (Vea/Vee =1:7) was added dropwise and
stirred. Precipitate appeared, and the precipitate was filtered and dried to afford the product
Boc--Phe--Val-O-N=BDKO (1.8 g, 92% yield).

e Boc-"Phe-1Val-O-N=BDKO. 1b-2, white solid, Ri= 0.35 (CHzCl.:
‘ NH-Boc | MeOH= 60:1). *H NMR (400 MHz, CDCls), 6 7.94-7.86 (m, 8 H),

o o | 7.58-7.42 (m, 14 H), 7.31-7.20 (m, 9 H), 7.16-7.14 (m, 2 H),
e 6.51-6.49 (m, 1 H), 5.22-520 (m, 1 H), 4.40-4.30 (m, 2 H),
) 3.11-3.00 (M, 2 H), 1.95-1.88 (m, 1 H), 1.40 (s, 9 H), 0.78-0.76 (d,
0 %2 1 3H),0.71-0.69 (d, 3 H) ppm; 3P NMR (162 MHz, CDCl3), § 30.93

@ @ @ @ ~ ppm; 3C NMR (100 MHz, CDCls), 5 171.2, 168.7, 164.2, 155.4,

’’’’’’’’’’’’’’’’’’’’’’’’’’’ 153.4, 152.0, 136.7, 132.7, 131.7, 131.2, 130.5, 129.8, 129.4, 80.1,
56.4, 55.8, 37.9, 31.1, 20.3, 18.7, 17.7 ppm; HRMS (ESI) m/z calcd for CssHssNaOgP2™ (M+H)*
976.34863, found 976.34833.

Extension of BDKO attached peptide chains: According to the above synthesis procedures,
and using the above coupling reagent system EDCI/HOBt/DIPEA (2.0 equiv) and the above de-Boc
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reagent system 50% TFA/DCM to extend the BDKO attached peptide chain. Therefore the

intermediate  peptide  products were obtained as follows: [The intermediates of

Boc--Val-Phe-Val-O-N=BDKO and Boc--Phe--Val--Phe-"Val-O-N=BDKO were precipitated by

using the EA/PE solvent system with adjustable ratio, The intermediate peptides of

Boc-Val--Phe-"Val--Phe-Val-O-N=BDKO and Boc--Phe--Val-'Phe--Val--Phe--Val-O-N=BDKO
were precipitated by using the EA/MeCN solvent system].

__________________________________________________ Boc--Val-tPhe--Val-O-N=BDKO. 1b-3, 1.93 g, 90%

Lo %NH P | vield, white solid, Ry = 0.42 (CH:Cl:: MeOH= 40:1). *H

0. ™o . NMR (400 MHz, CDCl3), ¢ 7.95-7.87 (m, 8 H), 7.62-7.42

j)/ﬁ/LVal Bvel ol (m, 14 H), 7.29-7.20 (m, 9 H), 7.18-7.15 (m, 2 H),

“ 6.86-6.84 (m, 1 H), 6.37-6.35 (m, 1 H), 5.08-5.06 (m, 1 H),

o o O O 00 4.59-4.54 (m, 1 H), 4.35-4.32 (m, 1 H), 3.96-3.94 (m, 1 H),

@ @ @ @ 3.10-2.98 (m, 2 H), 2.14-2.06 (m, 1 H), 1.99-1.91 (m, 1 H),

T 144 (s, 9 H), 0.90-0.88 (d, 3 H), 0.78-0.77 (d, 3 H) ppm;

3P NMR (162 MHz, CDCls3), ¢ 30.99 ppm; *C NMR (100 MHz, CDCls), ¢ 171.9, 170.7, 168.7,

164.1, 155.8, 153.3, 151.9, 136.5, 132.7, 131.8, 131.3, 130.7, 129.8, 129.3, 128.7, 128.2, 127.0,

120.6, 79.8, 60.0, 56.6, 54.7, 37.8, 30.8, 20.3, 19.3, 18.8, 17.7, 17.5 ppm; HRMS (ESI) m/z calcd for
Ce1HesN4O10P2" (M+H)* 1075.41704, found 1075.41736.

e Boc-tPhe-"Val-"Phe-'Val-O-N=BDKO. 1b-4, 2.14
| L-Phe @}NH P q o /Bocé g, 88% vyield, white solid, Ry = 0.40 (CH:Cl2:
AN NH 1 MeOH= 40:1). *H NMR (400 MHz, CDCls), ¢

] | 7.95-7.87 (m, 8 H), 7.61-7.41 (m, 14 H), 7.30-7.15

’)\‘ L-Phe (m, 16 H), 6.91-6.83 (m, 2 H), 6.66 (m, 1 H),
% o O 0,0 | 518516 (m, 1 H), 4.68-4.66 (m, 1 H), 4.42-4.34
@ @ @ @ (m, 2 H), 4.28-4.24 (m, 1 H), 3.10-2.91 (m, 4 H),
T 2113-2.08 (M, 1 H), 1.98-1.93 (m, 1 H), 1.39 (s, 9 H),
0.84-0.71 (m, 12 H) ppm; 3P NMR (162 MHz, CDCls), 6 30.75 ppm; 3C NMR (100 MHz, CDCls),
o 171.6, 171.0, 170.7, 168.7, 164.1, 153.4, 152.0, 136.6, 132.7, 131.8, 131.2, 130.8, 129.8, 129.3,

128.6, 128.2, 126.9, 120.7, 80.3, 58.7, 56.7, 54.5, 37.6, 30.7, 29.7, 28.3, 19.2, 18.8, 17.8, 17.5 ppm;
HRMS (ESI) m/z calcd for C7oH7aNsO11P." (M+H)* 1222.48546, found 1222.48596.
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0.45 (CH2Cly: MeOH= 20:1). 'H NMR (400

T T T Boe-al-LPhe-Val-Phe-LVal-O-N=BDK
L'Phe©} ﬁ NH B°°: 0. 1b-5, 1.11 g, 84% yield, white solid, Rf =
% L-Val E

' MHz, DMSO-ds), 6 8.33-8.27 (m, 2 H),

L-Phe | 8.06-8.04 (m, 1 H), 7.94-7.87 (m, 8 H),
2 o 0.0 5

: | 7.857.83 (m, 1 H), 7.66-7.54 (m, 12 H),
@ @ @ @ | 7.37-7.36 (m, 5 H), 7.27-7.14 (m, 13 H),
e | 6.63-6.60 (m, 1 H), 4.69-460 (m, 2 H),
4.18-4.14 (m, 1 H), 4.06-4.02 (m, 1 H), 3.72-3.61 (m, 1 H), 2.93-2.88 (m, 2 H), 2.76-2.69 (m, 2 H),
1.92-1.87 (m, 1 H), 1.82-1.76 (m, 2 H), 1.36 (5, 9 H), 0.76-0.64 (m, 18 H) ppm; *P NMR (162 MHz,
DMSO-dg), 5 31.03 ppm; 3C NMR (100 MHz, DMSO-ds), 3 172.0, 1715, 171.2, 171.0, 168.8,
164.1, 155.6, 153.4, 152.1, 138.1, 133.4, 132.0, 131.6, 130.8, 130.2, 129.5, 129.4, 128.4, 126.6,
121.3, 121.0, 79.7, 78.5, 60.4, 57.8, 57.0, 53.8, 31.3, 31.0, 30.1, 28.6, 19.6, 19.1, 18.5, 18.3 ppm;
HRMS (ESI) m/z calcd for CrsHsaNsO12P2* (M+H)* 132155387, found 1321.55359.

Boc--Phe--Val--Phe--Val--Phe--Val-
L-Phe 71 O-N=BDKO. 1b-6, 1.27 g, 87% yield,

o . white solid, Ri = 0.40 (CHCl:

Lva' Lva' =/ MeOH= 20:1). 'H NMR (400 MHz,

: L-Phe | DMSO-de), & 832:826 (m, 2 H),
. %0 00 . 8.15-8.05 (M, 2 H), 7.94-7.89 (m, 8 H),
@ @ @ @ | 7.81-7.78 (m, 1 H), 7.65-7.56 (m, 12
e ' H), 7.37-7.36 (M, 5 H), 7.26-7.15 (m,
18 H), 7.02-6.99 (m, 1 H), 4.67-4.58 (M, 2 H), 4.23-4.15 (m, 3 H), 4.05-4.02 (M, 1 H), 2.94-2.89 (m,
3 H), 2.78-2.67 (m, 3 H), 1.96-1.87 (m, 2 H), 1.82-1.77 (m, 1 H), 1.28 (s, 9 H), 0.79-0.66 (m, 18 H)
ppm; *P NMR (162 MHz, DMSO-ds), 6 31.12 ppm: *C NMR (100 MHz, DMSO-de), & 172.0,
171.8, 171.1, 171.0, 168.8, 164.1, 155.7, 153.4, 152.1, 138.8, 138.1, 133.4, 132.0, 131.6, 130.8,
130.2, 129.5, 128.4, 126.6, 121.3, 121.0, 79.7, 78,5, 57.5, 57.0, 56.2, 55.4, 54.0, 37.8, 37.7, 316,

31.4, 30.1, 28.6, 19.6, 19.5, 19.1, 18.5, 18.4, 18.2 ppm; HRMS (ESI) m/z calcd for CasHeaN7O13P2"
(M+H)* 1468.62229, found 1468.62256.

5. Synthesis of BDKO attached heptapeptides.

According to the above synthesis procedures, and using the above coupling reagent system such
as EDCI/DMAP, EDCI/HOBt/DIPEA (2.0 equiv), and the above de-Boc reagent system (50%
TFA/DCM) to extend the BDKO attached heptapeptide chains. The intermediates of
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Boc-PPhe-O-N=BDKO and Boc--Phe-PPhe-O-N=BDKO were precipitated by using the EA/PE
solvent system with an adjustable ratio. The intermediates of Boc-PVal--Phe-PPhe-O-N=BDKO to
intermediates heptapeptides Fmoc-PVal-“Leu-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO, Fmoc-PVal
-LPhe-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO,  Fmoc-PVal-t1le-PVal-PVal-PVal--Phe-PPhe-O-N=
BDKO, Fmoc-PVal--Vval-PVal-PVal-Pval--Phe-PPhe-O-N=BDKO, Fmoc-PVal--Pro-PVal-Pval-Pval
--Phe-PPhe-O-N=BDKO were precipitated by using the EA/MeCN solvent system]

_______________________________________ Boc-PPhe-O-N=BDKO. 2b-1, 4.38 g, 99% yield, white solid,
D-Phe \ Rr = 042 (CHzCl2: MeOH= 60:1). 'H NMR (400 MHz,
o . CDCls), ¢ 7.93-7.85 (m, 8H), 7.56-7.45 (m, 12H), 7.39-7.37

/ NH—Boc
(d, J= 8.0 Hz, ZH), 7.22-7.18 (m, 7H), 7.04-7.01 (m, 2H),

N o |
' 6.95-6.93 (d, J= 8.0 Hz, 2H), 4.99-4.97 (d, J= 8.0 Hz, 1H),
o, 0 O o

b O 4.49-4.46 (t, J= 12.0 Hz, 1H), 2.97-2.85 (m, 2H), 1.38 (s, 9H)
@ @ @ @ ppm; 3P NMR (162 MHz, CDCls), 6 30.74 ppm; *C NMR
TR * (100 MHz, CDCl3), 9 169.5, 163.9, 154.9, 153.3, 152.0, 135.5,
132.7, 131.7, 131.2, 130.8, 129.8, 129.3, 128.8, 127.8, 127.1, 120.5, 80.0, 53.7, 38.6, 28.3 ppm;
HRMS (ESI) m/z calcd for CsiHazN20gP;* (M+H)* 877.28022, found 877.28094.

s Bog-LPhe-OPhe-O-N=BDKO. 2b-2, 4.65 g, 95% yield,
’ p-Phe % o . white solid, Rs = 0.40 (CH,Cl>: MeOH= 60:1). 'H NMR (400
N\/o I HJ\%B“; MHz, CDCls), 5 7.94-7.84 (m, 8H), 7.56-7.43 (m, 12H),

| 7.37-7.35 (d, J= 80 Hz, 2H), 7.24-7.11 (m, 12H), 7.02-6.89

0,0 OL0 Lphe! (M, 4H), 6.71(m, 1H),5.25-5.21 (m, 1H), 4.73-4.70 (m, 1H),

@ @ @ @ 4.35 (m, 1H), 3.08-3.00 (m, 2H), 2.91-2.82 (m, 2H), 1.35 (s,

"""""""""""""""""""""""" 9H) ppm; 3P NMR (162 MHz, CDCls), 6 30.49 ppm; C
NMR (100 MHz, CDClIs), ¢ 171.1, 168.8, 163.9, 153.4, 151.9, 136.7, 135.3, 132.8, 131.7, 130.8,
129.3, 128.7, 127.9, 127.2, 126.9, 120.8, 120.7, 120.6, 80.1, 52.5, 38.1, 28.3 ppm; HRMS (ESI) m/z
calcd for CeoHssN3OgP2" (M+H)* 1024.34863, found 1024.34961.

T e A ova T Boc-PVal--Phe-PPhe-O-N=BDKO. 2b-3, 4.69 g, 82% yield,

1 o :

O HWXNF.' . white solid, Ri= 0.42 (CHClz: MeOH= 30:1). HRMS (ESI) m/z
O

Boc |

| O ‘
‘ . caled for CesHesNsO10P2Na™ (M+Na)® 1145.39899, found
3 O\\ /o o\ ,/O e 3
@"@ ©P® - 114539978,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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D-Phe D Val D-Val E
Q H !

N '

N NH |

O Boc |

°  LPhe i

Boc-PVal-PVal-PVal--Phe-PPhe-O-N=B
DKO. 2b-5, 83% yield, white solid, R¢=
0.40 (CH:Cl: MeOH= 20:1). *H NMR
(400 MHz, CDCls), § 9.21 (m, 1H),
7.90-7.85 (m, 8H), 7.54-7.36 (m, 12H),
7.28-7.06 (m, 18H), 5.14-4.12 (m, 5H),
2.96 (M, 4H), 2.03-1.94 (m, 2H), 1.44 (s,

9H), 0.90-0.70 (dd, J= 8.0 Hz, 18H) ppm: 3P NMR (162 MHz, CDCls), 5 30.47 ppm;

D-Phe D-Val D-val
Q H Qo
[e) N N N—Boc
N N H N
| O (o] (o]
O, O O\P”O L-Ph L-Phe

.........................................................................

Boc-Phe-PVal-PVal-PVal-Phe-PPhe-O-
N=BDKO. 2b-6, 4.90 g, vield
87%, white yield, R= 0.35 (CH:Cl::
MeOH= 20:1). *H NMR (400 MHz,
CDCls), § 9.33 (m, 3H), 7.92-7.79 (m,
8H), 7.56-7.40 (m, 12H), 7.22-6.95 (m,

23H), 5.34-4.21 (m, 6H), 3.45-2.85 (m, 6H), 2.29-1.94 (m, 3H), 1.26 (s, 9H), 0.90-0.68 (dd, J= 8.0
Hz, 18H) ppm; 3P NMR (162 MHz, CDCls), ¢ 30.39 ppm;

\
o ’\F—Z _Ph
D-Val L-Phe h Boc-AA-OH
o] 1) 1) EDCI, HOBt, DIEA AA=L-Leu
H H _
TFA H,N N N N— CHClj, r.t., 1h AA= [-Phe
2 \_/U\NX( \E)J\N \E)j\o/ A DOM (v 1 AA= L-lle
AP o AP o = Ph oocos(:\V’ N1 | Aa= Lval
D-Val D-Val D-Phe\© 0—5\ T AA= L-Pro
11 >Ph
NH,-D-Val-D-Val-D-Val-L-Phe-D-Phe-O-N=BDKO Fmoc-DVaI-OH
EDCI, HOBt, DIEA
Fmoc-PVal-OH for Last Amino Acid CHCly, rt., 1 h
- : >_\ & N @ Q _ph
o-R~
D-Val L-Phe Q E
\/U\ N N JL SAP
Fmoc/N \/U\ \)J\ \)J\ EA/MeCN
" O
D-Val AN o AL \@ e
D Val D-Val D-Ph _p
© éID\Ph

Fmoc-D-Val-AA-D-Val-D-Val-D-Val-L-Phe-D-Phe-O-N=

BDKO

The use of 7" Fmoc protected Fmoc-PVal-OH as the last amino acid residue to terminate peptide
chain extension. The BDKO support attached heptapeptide intermediates:
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Fmoc-PVal-Leu-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO, with 42% total coupling yield.
Fmoc-PVal-Phe-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO, with 41% total coupling yield.
Fmoc-PVal-1le-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO, with 40% total coupling yield.
Fmoc-PVal-Val-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO, with 43% total coupling yield.
Fmoc-PVal-Pro-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO, with 41% total coupling yield.

The heptapeptide products were precipitated by using the EA/MeCN solvent system with an

adjustable ratio.

D-Val D-Val i

- D-Val
D-Phe (6] H O H O H 3
P H H H NH-Boc :

N 0 o o |

Fmoc-PVal-Phe-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO. 2b-7, 1.45 g, 85% yield, white solid, Ri=
0.45 (CH2Clz: MeOH= 10:1). *H NMR (400 MHz, DMSO-ds), & 8.65-8.60 (m, 1H), 8.26-8.24 (m,
6H), 7.93-7.83 (m, 11H), 7.73-7.53 (m, 15H), 7.43-7.04 (m, 25H), 4.60-3.91 (m, 10H), 3.01-2.76 (m,
6H), 1.94-1.89 (m, 3H), 1.75-1.72 (m, 1H), 0.82-0.75 (dd, J= 8.0 Hz, 18H), 0.53-0.51 (m, 6H) ppm;
31p NMR (162 MHz, CDCls), 5 30.00 ppm; HRMS (ESI) m/z calcd for CogH10sNgO14P2" (M+H)*
1689.70635, found 1689.70520.

D-Val D-Val :

Dval |

D-Phe o o o :
0 N N N ;

N N N N NH-Boc !

0 0 o 3

Fmoc-PVal-Leu-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO. 2b-8, 1.46 g, 87% yield, white solid, R=
0.42 (CH2Clz: MeOH=10:1). *H NMR (400 MHz, DMSO-ds), § 9.16-8.59 (m, 4H), 8.32-7.07 (m,
46H), 4.59-3.89 (m, 10H), 3.20-2.76 (m, 4H), 2.11-1.45 (m, 10H), 0.81-0.74 (dd, J= 8.0 Hz, 24H),
0.53-0.50 (m, 6H) ppm; 3P NMR (162 MHz, CDCls), 6 30.03 ppm;HRMS (ESI) m/z calcd for
CosH104NgO14P2Na* (M+Na)* 1677.70394, found 1677.70410.
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D-Val D- Val
D-Phe 0 H D-Val 1
N/O N N )?/\ NH-Boc
| O O i
D-Val
o o o L-lle

Fmoc-PVal-1le-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO. 2b-9, 730 mg, 84% yield, white solid, Ri=
0.42 (CH2Cly: MeOH= 10:1). HRMS (ESI) m/z calcd for CosH10sNsO1sP2Na* (M+Na)* 1677.70394,
found 1677.70581.

D-Val D-Val '

D-Phe D-Val !
/O NH—Boc !

N :

Fmoc-PVal--Val-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO. 2b-10, 548 mg, 88% yield, white solid,
Ri= 0.40 (CH:Cl;: MeOH= 10:1). HRMS (ESI) m/z calcd for CgsHi02NsO14P2Na®™ (M+Na)*
1663.68829, found 1663.68982.

Fmoc-PVal--Pro-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO. 2b-11, 710 mg, 86% yield, white solid,
Ri= 0.50 (CH2Cl2: MeOH= 10:1). HRMS (ESI) m/z calcd for CosHi00NsO14P2Naz?* (M+2Na)?
831.33996, found 831.33923.

[Remarked: The oxime ester formed by BDKO and peptide was partly hydrolyzed when the TFA
contains water. Therefore, we should pay attention to several points when coupling and removing the
Boc protection: (1) The process of removing the Boc protected group needs to be operated in a strict
dry and anhydrous environment, the reaction solvent DCM or chloroform should be the newly
opened, and the purity of trifluoroacetic acid should be controlled to 99.9%; (2) After the removal of

Boc protection, when removed the DCM and TFA solvents by vacuum concentration, a
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low-temperature environment should be maintained. The free TFA residue can be removed by
vacuum drying. (3) In the coupling process, the addition order and amount of coupling reagents are
also critical. First, Boc-AA-OH and the coupling reagent (EDCI/HOBLt) form the activated ester at
0 <C. Then added the BDKO attached peptide products. The last step to add the base DIPEA.]

The coupling procedure of ketone oxime with amino acids can also refer to the methods in the

reference.[t]

6. On-BDKO cyclization/ self-cleavage synthesis of cyclic heptapeptide.

Fmoc-PVal-LtAA-PVal-Pval-Pval-tPhe-PPhe-O-N=BDKO

i Q—\x‘ e e o e

_ D-Val L-Phe O Bh
moc o R 0 0 o
{ H H H
HN\:/U\N/k”/N\:/U\N N\:)J\N N\:)J\O/N‘
A~ 1 o A_H . 1o

PN &) e
! D-Val ! _p
D-Val D-Val ©/ Oé/\Ph

C A3 N AMOs A ' D-Phe
110" M, 10% DEA
MeCN, rt., 2~3 h | de-Fmoc Process

: o ; Dval —/ O . R (AA)
: \ _Ph % | H
| o-P ! HN - N O
%h D-Phe (@) D-Val AA'=L-Phe
O 5 7/ NH AA'= L-Leu
+ HN Cyclic | ' AA'= [-lle
HO N= o heptapeptide <O AA'= [-Val
O Ph | o NH AA'= L-Pro
_P: E . /('/
© /> Ph | 07? NS //
___________________ ° . L-Phe -\ D-Val
D-Val

BDKO Support for Recycle

General procedure for the head-to-tail cyclization /self-cleavage synthesis of cyclic
heptapeptide: The linear Fmoc-heptapeptide-BDKO product Fmoc-PVal--Phe-PVal-Pval-PVal--Phe
-PPhe-O-N=BDKO (170 mg, 0.1 mmol) was added to a solution of 10% DEA/MeCM (55.5 mL,
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Vpea/Vmecn= 1:9) and stirred at room temperature for 2 h. The solution was then concentrated under
reduced pressure to afford the residue, Then cold diethyl ether was added to the above residue and
assisted with ultrasonic treatment and grinding processing. Repeat the above operation 3 times to
afford the white precipitate of crude cyclic heptapeptide: Cyclo (PVal-‘Phe-PVal-
Pval-PVal-Phe-PPhe). Then HPLC analysis was performed to test the cyclic heptapeptide. The
diethyl ether phase was collected and concentrated under reduced pressure to afford the recyclable
BDKO support with a 90% yield.

According to the above cyclization procedures, the corresponding cyclic heptapeptides were obtained
as follows:

Cyclo(PVal-tLeu-PVal-Pval-PVval-Phe-PPhe) with 92% cyclization yield;
Cyclo(PVal--Phe-PVal-PVal-PVal-Phe-PPhe) with 91% cyclization yield;
Cyclo(PVal-t1le-Pval-PVal-PVal-Phe-PPhe) with 89% cyclization yield;
Cyclo(PVal--Val-PVval-Pval-PVal-Phe-PPhe) with 85% cyclization yield;
Cyclo(PVal--Pro-PVal-Pval-PVval-Phe-PPhe) with 92% cyclization yield;

HPLC and HRMS (ESI) tests of the heptapeptide

T (min) Flow Rate Elution uv
(mL/min) H,O (0.1% TFA) CHs3OH A (nm)
0.0 1.0 90 10
5.0 1.0 90 10
40.0 1.0 10 90 220
45.0 1.0 90 10

o “eapasazs
D-val—/ O |, Lo 826.48425

o D-Phe HN’—' N o)

™ 7/ D-Val

0

o NH
0 /(* D-Val
g/x NS T

300

82748730

L-Phe TN Dval

m
Ca4HesN707

13 Exact Mass: 803.4945 22472 min

628 48822
a0
1 B —H— "t -} ' bt

H 10 1l an ik 30 3 L L] mn 5= miz oz

Cyclo (PVal-Leu-PVal-Pval-PVval-Phe-PPhe). Retention time t= 22.472 min, HRMS (ESI) m/z
calcd for CasHesN7O7Na*™ (M+Na)* 826.48377, found 826.48425.
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]
W L-Phe
a p-val—/ O,
> N
0 D-Phe o HN O
i} 7’ NH  D-Val
HN ..... |<
1 O (0]
NH
450 HN /\(
“— D-Val
JINST
L-Phe .
m D-val 27.122 min
12 C47H63N7O7
Exact Mass: 837.4789 K
o

L L L L n L n
5 1 15 20 a5 30 35 L]

L3

838.48602
838.48602
839 48901
84049420
83754053 | 84149200
1 ——t
moog36 938 ad0 842

Cyclo (PVal-Phe-PVval-Pval-PVval-Phe-PPhe). Retention time t= 27.122 min, HRMS (ESI) m/z

calcd for C47HesN7O7" (M+H)* 838.48617, found 838.48602.

|

T

it D-Val J,‘ (0]
i D-Phe 5 HN

gl 21.279 min
0

L-Phe D-Val
1in

C44HegsN707
Exact Mass: 803.4945
1l
, ek e
- L L L L L L L L L L
4 2 12 1i n E 18 31 30 H mn

82648535
826.48535
83589185
. i,
828 8270
miz

Cyclo (PVal-lle-Pval-Pval-Pval-Phe-PPhe). Retention time t= 21.279 min, HRMS (ESI) m/z

calcd for CasHesN7O7Na*™ (M+Na)* 826.48377, found 826.48535.

|
m p-val—/ O LVal
W D-Phe o HN” o
" 7’ Ny, D-val
HN O e
0 o o)
i HN NH
NN/\&'/ D-vVal
350 O :H O ’/ .
L-Phe D-Val 20.623 min
3
Cy3He3N7O7
m Exact Mass: 789.47890
140
n
u 1 1 1 1 1 1 1 1 1 1 1 1
] a 11 15 12 a1 i 7 30 33 3 39 mn

g

81230969

1246765

812.46765

8125
mz

Cyclo (PVal-Val-PVal-PVal-PVal-Phe-PPhe). Retention time t= 20.623 min, HRMS (ESI) m/z

calcd for Ca3HeaN70O7Na* (M+Na)* 812.46812, found 812.46765
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HN

NH
n )\( D-val
—N a

N T

O =

26.758 min

L-Phe D-Val

Cu3Hg1N7O7
Exact Mass: 787.46325

. 81045270

810.45270

811.45593

81098337
I

I

12 15 12 N M 7 3n 33 30 30 +

45

| e
m 310

T
a1

8

Cyclo (PVal-Pro-Pval-Pval-Pval-Phe-PPhe). Retention time t= 26.758 min, HRMS (ESI) m/z

calcd for Cs3Hs1N7O7Na*™ (M+Na)* 810.45247, found 810.45270.

NMR and HRMS (ESI) Data of Cyclic heptapeptide

D Va/J,i o | Leu Cyclo(PVal--Leu-PVal-PVval-PVval--Phe-PPhe). 2b-12, (253
D-Phe o HN~ o mg, 92% vield), white solid. *H NMR (400 MHz, DMSO-ds), &
,, D-Val
©/ Hva N.'j,,< 8.14-7.55 (m, 7H), 7.21-7.07 (m, 10H), 4.57-3.68 (m, 7H),
0 e 2.88-2.50 (m, 4H), 2.15-1.92 (m, 4H), 1.71-1.44 (m, 3H),
NH
HN%N/(’”’ D.Val 0.86-0.44 (dd, J= 8.0 Hz, 30H) ppm; HRMS (ESI) m/z calcd for
© /\H ol Ca4HesN707Na* (M+Na)* 826.48377, found 826.48425.

L-Phe D-Val
p-val —/ O L-Phe  Cyclo(PVal--Phe-PVal-PVal-PVal--Phe-PPhe). 2b-13, (190 mg,
D-Phe o HNT N~ 0 91%), white solid. *H NMR (400 MHz, DMSO-ds), 6 8.70-7.65
@ " NH <D'Va’ (m, 4H), 7.24-7.13 (m, 15H), 4.99-4.12 (m, 4H), 3.58-2.70 (m,
0 0 10H), 1.93-1.72 (m, 4H), 1.09 (s, 1H), 0.79-0.44 (dd, J= 8.0 Hz,
N, M e 24H) ppm; C NMR (100 MHz, DMSO-dg), & 173.2, 1713,

(e -

O iH O r 170.7, 168.0, 138.3, 138.0, 137.8, 129.8, 129.6, 128.6, 128.3,

L-Phe D-Val

126.9, 126.6, 58.6, 57.9, 57.6, 54.1, 53.9, 31.5, 31.0, 30.3, 30.1,

19.7, 19.4, 19.0, 18.7, 18.2, 17.9, 16.9 ppm; HRMS (ESI) m/z calcd for CarHeaN7O7* (M+H)*

838.48617, found 838.48602.
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Y, Lile Cyclo(®Val--11e-PVal-PVal-PVal--Phe-PPhe). 2b-14, (178 mg,
D-Val o) -
? /U_H\Z;O/ 89%), white solid. 'H NMR (400 MHz, DMSO-ds), o

D-Phe & HN
©/, - i ,D-val 8.64-808 (m, 1H), 7.93-7.53 (m, 5H), 7.43-7.39 (m, 1H),
HN O< 7.34-7.08 (m, 10H), 4.94-3.98 (m, 7H), 3.08-2.67 (m, 4H),
0
N 2.15-1.92 (m, 4H), 1.94-1.68 (m, 5H), 1.36-1.27 (m, 2H),
HN ,
O)xNﬂ(,/ D-Val 1.17-0.50 (m, 30H) ppm; HRMS (ESI) m/z calcd for
i H O
L-Phe N CasHesN70O7Na*™ (M+Na)* 826.48377, found 826.48535.
D-Val
p-val —/ O L-Val
D-Phe o HN” N-{ 0 Cyclo (PVal-tVal-PVal-PVal-PVal--Phe-PPhe). 2b-15, (170 mg,
D-Val _ _ .
©/HN?/ NH< * 85% yield), white solid. HRMS (ESI) m/z calcd for
o ):o Ca3HesaN7O7Na*™ (M+Na)* 812.46812, found 812.46765.
NH
HN
D-Val
OWxﬁ o [ 0 °
L-Phe T N L
p-val—/ O L-Pro Cyclo (PVal--Pro-PVal-PVal-PVal--Phe-PPhe). 2b-16, (240 mg,
= LN
D-Phe o HN O ooy 92% vield), white solid. *H NMR (400 MHz, DMSO-ds), 9
", NH -
@ P < 8.18-7.53 (m, 3H), 7.20-7.14 (m, 10H), 4.56-4.13 (m, 7H),
0 NHO 3.10-2.86 (m, 6H), 1.95-1.70 (m, 10H), 0.87-0.47 (dd, J= 8.0
HNOW¥N (V p.val  Hz, 24H) ppm; HRMS (ESI) m/z calcd for CasHeiN;O7Na*
iH O

(M+Na)* 810.45247, found 810.45270.
L-Phe

On-BDKO cyclization/ self-cleavage of hexapeptide H--Phe--Val--Phe--Val--Phe--Val-
O-N=BDKO

The linear hexapeptide product H--Phe--Val-'Phe-tVal-"Phe-Val-O-N=BDKO (0.1 mmol) was
added to a solution of 10% DEA/MeCM (55.5 mL, Vpea/Vmecn= 1:9) and stirred at room temperature
for 5 h. The mixture was concentrated under reduced pressure to afford the residue. There was no
target cyclic hexapeptide product detected in the residue, only the mixtures containing the linear
hexapeptide H--Phe--Val--Phe-tVal-"-Phe--Val-OH, uncleaved original product, and uncertain
byproducts were detected.
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7. Synthesis of DPBA-attached linear gramicidin S chain.

on O Boc NH,
o) o) ° @J J\?\/
@ ,,,,, s /@2 Boc-LLeu-OH @ ,,,,, g /©/\o /LKR/ TFA/DCM @ ---- P\O
o EDCI, DMAP o 99% (v/v, 1:1) @
@ DPBA  DCM,rt,1h G Boc-LLeu-O-DPBA 0 °C-rt, 1h TFA NH,-"Leu-O-DPBA

Synthesis of Boc-Leu-O-DPBA. EDCI (1.38 g, 7.2 mmol, 1.2 equiv) and DMAP (87.8 mg, 0.72
mmol, 0.12 equiv) were added to a solution of Boc--Leu-OH (1.46 g, 6.3 mmol, 1.05 equiv) in DCM
(30 mL) at 0 <C and stirred for 10 min. The reaction mixture was added with DPBA, 3a (1.95 g, 6.0
mmol, 1.0 equiv) and stirred at room temperature for 1 h. The mixture was then washed with
saturated NH4Cl and NaHCOs respectively and dried with MgSOas. 5.0 mL ethyl acetate was added to
dissolve the sample after concentration, and 40 mL of petroleum ether (Vea/Vpe =1:8) was added
dropwise and stirred. Precipitate appeared, the precipitate was filtered, dried to afford the
Boc-Leu-O-DPBA (3.3 g, 99% yield).

de-Boc procedure: The Boc-Leu-O-DPBA was added to a dry flask with 4 mL dry DCM, and
stirred at 0 <C for 15 min. Then 4 mL of TFA (99.9% purity) was added to the above solution and
stirred for 1 h at r.t. Then removed the TFA by vacuum concentration at 25<C, and DCM was
continuously added for 3 times and concentrated to remove TFA residue. The product was dissolved
in DCM and washed with 0.1 M NaHCOg, then concentrated to obtain the de-Boc product
H-Leu-O-DPBA.

[T o H-Leu-O-DPBA. 3a-1, 2.58 g, 99% vyield, white solid. Ri=
@ 0 /©/\O /\NP/NHZE 0.45 (CH:Cl,: MeOH= 50:1). 'H NMR (400 MHz, CDCl),
g Po | 57.92-7.87 (M, 4H), 7.55-7.74 (m, 6H), 7.25-7.19 (m, 4H),
f @ | 5.04 (s, 2H), 350-345 (m, 1H), 1.78-168 (m, 3H)
e i 1.57-1.50 (m, 1H), 1.44-1.37 (m, 1H), 0.91-0.87 (dd, J=
8.0 Hz, 6H) ppm; P NMR (162 MHz, CDCls), 8 30.78 ppm; 23C NMR (100 MHz, CDCls), 5 176.3,

150.9, 132.6, 132.1, 131.8, 131.5, 130.1, 129.8, 128.7, 120.9, 65.9, 52.9, 43.9, 24.7, 22.9, 21.8 ppm;
HRMS (ESI) m/z calcd for C2sH20NO4P™ (M+H)* 438.18287, found 438.18219.

NH2 TFA
o TFA @ r!/
0o o NH, Boc- Lorn(Fmoc)-oH  TFA/DCM O"’ o
@ ---- B EDCI, HOBY, DIEA (v/v, 1:1)
© > Fmoc
DCM, rt. 1 h
@ NH,-LLeu-O-DPBA cM. . 0°C-rt,1h NH,-LOrn(Fmoc)-tLeu-O-DPBA 95%

Synthesis of Boc--*Orn(NHFmoc)--Leu-O-DPBA. EDCI (1.15 g, 6 mmol, 1.2 equiv) and HOBt

(810 mg, 6 mmol, 1.2 equiv) were added to a solution of Boc--Orn(NHFmoc)-OH (2.38 g, 5.25
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mmol, 1.05 equiv) in DCM (35 mL) at 0 <C and stirred for 0.5 h. H-Leu-O-DPBA (2.2 g, 5 mmol,
1.0 equiv) and DIEA (0.87 mL, 5.25 mmol, 1.05 equiv) were then added and stirred for 1 h. The
mixture was then washed with H»O, dried with MgSQOs. 7.0 mL ethyl acetate was added to dissolve
the sample after concentration, and 55 mL of petroleum ether (Vea/Vee =1:8) was added dropwise
and stirred. Precipitate appeared, and the precipitate was filtered and dried to afford the product
Boc--Orn(NHFmoc)--Leu-O-DPBA.

reasess s Boe LOPN(NHFmoc)-LLeu-O-DPBA. 3a-2, 4.15 g,
| 95% yield, white solid. R= 0.45 (CHCly: MeOH=
. 0 H}L /B 40:1). 'H NMR (400 MHz, CDCly), & 7.91-7.86 (m,
§©"'~-P”\O/©A °¢f I"ONHDEAR), 7.74-7.72 (d, J= 8.0 Hz, 2H), 7.60-7.33 (m, 10H),
@ . 7.27-7.13 (m, 6H), 5.85-5.82 (m, 1H), 5.39-5.37 (m,
e 1) 2.98:4.90 (m, 2H), 4.59-4.15 (m, 5H), 3.41-3.39
(m, 1H), 3.09-3.04 (m, 1H), 2.55 (s, 1H), 1.70-1.47 (m, 7H), 1.42 (s, 9 H), 0.86-0.85 (dd, J= 8.0, 6H)
ppm; 3P NMR (162 MHz, CDCls), § 31.15 ppm; **C NMR (100 MHz, CDCls), § 172.6, 172.5,
157.4, 155.8, 150.8, 144.0, 141.3, 132.7, 131.8, 131.4, 130.0, 128.6, 127.7, 127.1, 125.2, 120.9,
120.0, 79.6, 66.7, 66.3, 50.9, 47.2, 40.7, 30.3, 28.4, 26.0, 24.7, 22.9, 21.7 ppm; HRMS (ESI) m/z
calcd for CsoHssN3OgPNa* (M+Na)* 896.36464, found 896.36548.

Extension of DPBA attached peptide chains: According to the above synthesis procedures, and
using the above coupling reagent system such as EDCI/DMAP, EDCI/HOBt/DIPEA (2.0 equiv), and
the above de-Boc reagent system (50% TFA/DCM) to extend the DBA-OH attached gramicidin S
chain.

{777 I T snnnnneonnnnnes s . Boc-“Val--Orn(NHFmoc)--Leu-O-DPBA. 3a-3,
' HN | 3.65 g, 94% yield, white solid. R= 0.40 (CHCl2:
:[b\NH

© P By j:(n\ MeOH= 40:1). 'H NMR (400 MHz, CDCl3),
| /o o | 7.91-7.86 (m, 4H), 7.75-7.73 (d, J= 8.0 Hz, 2H),

7.61-7.34 (m, 10H), 7.28-7.09 (m, 6H), 6.82-6.80

(m, 1H), 5.85-5.83 (m, 1H), 5.23-5.21 (m, 1H),
4.98-4.91 (m, 2H), 4.70-4.38 (m, 3H), 4.20-3.96 (M, 3H), 3.47-3.44 (m, 1H), 3.08-3.03 (m, 1H),
2.11-2.07 (m, 1H), 1.66-1.50 (m, 7H), 1.43 (s, 9 H), 0.94-0.83 (dd, J= 8.0, 12H) ppm; 3P NMR (162
MHz, CDCl3), 6 31.22 ppm; 3C NMR (100 MHz, CDCls), § 172.3, 171.9, 171.8, 157.6, 155.9, 150.8,
150.7, 144.0, 143.9, 141.3, 132.7, 131.8, 131.5, 130.1, 128.8, 127.7, 127.1, 125.1, 120.9, 120.0, 79.8,
66.8, 66.3, 59.9, 51.0, 47.2, 40.6, 39.0, 31.1, 30.2, 28.3, 26.1, 24.7, 22.8, 21.6, 19.3, 17.8 ppm;
HRMS (ESI) m/z calcd for CssHesN2O10PNa™ (M+Na)* 995.43305, found 995.43433.

..............................................................
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Boc--Pro--Val--Orn(NHFmoc)--Leu-O-DPB

A. 3a-4, 3.89 g, 91% vyield, white solid. Ri= 0.42
(CH:Cl: MeOH= 30:1). 'H NMR (400 MHz,
CDCls), § 7.91-7.86 (m, 4H), 7.75-7.73 (d, J=
8.0 Hz, 2H), 7.61-7.35 (m, 10H), 7.24-7.11 (m,

6H), 6.86 (m, 1H), 5.95-5.78 (M, 1H), 5.01-4.94
(m, 2H), 4.65-4.50 (m, 2H), 4.40-4.17 (m, 5H), 3.44-3.08 (m, 4H), 2.56 (m, 1H), 2.30-1.82 (M, 6H),
1.70-1.58 (m, 7H), 1.43 (s, 9 H), 0.93-0.84 (dd, J= 8.0, 12H) ppm; 3P NMR (162 MHz, CDCls), J
31.00 ppm; 13C NMR (100 MHz, CDCls), 6 172.7, 172.3, 171.8, 171.1, 157.2, 155.8, 150.7, 144.1,
141.2, 132.6, 131.8, 131.7, 131.5129.9, 128.6, 127.7, 127.1, 125.2, 120.8, 120.7, 119.9, 80.7, 66.8,
66.2, 60.4, 58.9, 51.6, 51.0, 47.2, 40.6, 30.0, 29.6, 28.6, 28.4, 26.1, 24.7, 22.9, 21.7, 19.4, 17.4 ppm:
HRMS (ESI) m/z calcd for CeoH72NsO1:PNa* (M+Na)* 1092.48582, found 1092.48767.

Boc-PPhe--Pro--Val--Orn(NHFmoc)--Leu-O
-DPBA. 3a-5, 4.08 g, 96% vyield, white solid.
. R= 0.35 (CH:Cl: MeOH= 30:1). ‘*H NMR
" o (400 MHz, CDCl3), 6 7.90-7.86 (m, 4H),

| 774772 (d, J= 8.0 Hz, 2H), 7.61-7.34 (m,
10H), 7.25-7.08 (m, 11H), 6.94-6.92 (m, 1H),
6.75-6.74 (m, 1H), 6.28 (m, 1H), 6.04-6.00 (m, 1H), 5.07-4.98 (m, 2H), 4.59-4.15 (m, 8H), 3.73-3.64
(m, 1H), 3.45-2.92 (m, 5H), 2.57-2.26 (m, 2H), 2.04-1.93 (m, 2H), 1.78-1.49 (m, 8H), 1.41-1.34 (m,
10 H), 0.98-0.88 (dd, J= 8.0, 12H) ppm; 3P NMR (162 MHz, CDCls), ¢ 30.80 ppm; 3C NMR (100
MHz, CDCl3), § 173.4, 173.0, 172.3, 172.0, 171.2, 157.5, 157.1, 155.8, 150.6, 143.9, 141.2, 135.8,
132.7, 131.4, 130.1, 129.7, 129.3, 128.7, 128.6, 127.7, 127.3, 127.1, 125.2, 120.7, 120.0, 80.1, 67.3,
66.8, 66.0, 61.6, 61.1, 59.3, 54.4, 53.5, 53.1, 51.0, 47.2, 40.5, 38.3, 29.1, 28.9, 28.7, 28.4, 26.9, 26.6,
25.0, 24.8, 24.5, 23.0, 21.7, 19.7, 18.7, 18.5 ppm; HRMS (ESI) m/z calcd for CeoHs1NsO1,PNa*
(M+Na)* 1239.55423, found 1239.55530.

........................................................................

. Boc-LLeu-DPhe-LPro-LVaI-LOrn(NHFmoc)-LL
AN . eu-O-DPBA. 3a-6, 4.42 g, 95% yield, white
solid. Ri= 0.30 (CH:Cl;: MeOH= 30:1). !

NMR (400 MHz, CDCl3), 6 7.90-7.71 (m, 6H),
761-731 (m, 10H), 7.27-7.00 (m, 11H),
6.93-6.89 (m, 1H), 6.72 (m, 1H), 6.20-5.80 (m,
1H), 5.34-5.31 (m, 1H), 5.10-5.00 (m, 2H), 4.57-4.01 (m, 9H), 3.83-3.46 (M, 2H), 3.27-2.88 (m, 4H),
2.64-1.98 (m, 3H), 1.85-1.20 (m, 23H), 1.01-0.85 (dd, J= 8.0, 18H) ppm; 3P NMR (162 MHz,
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CDCls), 5 30.87 ppm; C NMR (100 MHz, CDCls), § 174.9, 173.8, 172.3, 172.3, 171.3, 170.7,
158.1, 156.0, 155.3, 150.6, 144.0, 141.2, 135.6, 132.6, 132.0, 131.8, 131.7, 131.5, 130.1, 129.8,
129.2, 128.6, 127.7, 127.1, 125.2, 120.7, 119.9, 79.9, 67.4, 66.9, 66.0, 61.4, 61.2, 59.9, 54.7, 54.0,
53.5, 52.9, 52.4, 51.0, 47.2, 43.0, 41.5, 41.2, 40.6, 40.3, 37.3, 36.9, 29.4, 29.0, 28.7, 28.4, 25.9, 24.8,
24.2,24.0,23.0, 21.9, 21.7, 21.5, 19.8, 19.6, 18.9 ppm; HRMS (ESI) m/z calcd for C7sHe2N7O1sPNa*
(M+Na)* 1352.63829, found 1352.63940.

LS RTEE LR . Boc--Orn(NHFmoc)--Leu-PPhe--Pro-
| \ | Lval--Orn(NHFmoc)--Leu-O-DPBA.
| 3a-7, 4.70 g, 94% vield, white solid. Ri=

~ i }L La L)
: N N !
g@"""F{LO/@A 0)\/5( T NH)‘/VK ¥ W | 035 (CH:Cle: MeOH= 20:1). *H NMR

. /S0 i (400 MHz, CDCl3), § 8.56-8.54 (m, 1H),
Boc’HNw{KHN:S\ | 8.24-8.05 (m, 1H), 7.93-7.88 (m, 4H),
. 7.76-7.56 (m, 10H), 7.51-7.32 (m, 10H),
e D 707,744 (m, 11H), 6.97 (M, 1H),
6.35-6.27 (M, 1H), 5.94-5.38 (m, 1H), 5.10-4.95 (m, 2H), 4.84-4.03 (m, 14H), 3.44-3.39 (m, 1H),
3.22-3.01 (m, 6H), 2.36-2.06 (M, 3H), 1.90-1.36 (m, 28H), 0.96-0.85 (m, 18H) ppm; 3P NMR (162
MHz, CDCls), 9 30.98 ppm; 3C NMR (100 MHz, CDCls), 6 172.7, 172.3, 172.1, 171.9, 171.8, 171.1,
170.9, 157.1, 156.9, 155.8, 150.8, 144.8, 144.2, 144.1, 143.9, 141.2, 1355, 132.6, 132.0, 131.8,
131.4, 130.4, 130.0, 129.7, 129.2, 128.6, 127.6, 127.0, 125.2, 120.8, 119.9, 79.9, 67.1, 66.6, 66.1,
60.5, 59.5, 54.6, 53.5, 53.3, 52.7, 50.8, 50.3, 47.1, 46.5, 41.6, 41.1, 40.4, 39.8, 36.7, 32.3, 29.9, 29.3,
20.1, 28.4, 26.9, 25.9, 25.1, 24.8, 23.6, 23.1, 22.9, 22.8, 22.5, 21.2, 19.2 ppm; HRMS (ESI) m/z
calcd for CosH112N9O16PNa* (M+Na)* 1688.78569, found 1688.78735.

- . H-“Val--Orn(NHFmoc)--Leu-PPhe--P

! N . ro-Val-“Orn(NHFmoc)--Leu-O-DPB
. o H:{b\ 0 H\n/(> i A. 3a-8, 3.06 g, 92% vyield, white solid.
H N N '
§©“'~-P’/\o/©/\ 0#( T NH)t( I | Re= 035 (CHCl: MeOH= 10:1). ™H
5 @ /=0 | NMR (400 MHz, CDC),  8.60-8.15
i o 1
HZN?((““ HNJS\ . (M, 2H), 7.92-7.88 (m, 4H), 7.79-7.28
© L (m, 20H), 7.20-7.13 (M, 11H), 7.02-6.88
NH—Fmoc

e T () 0H), 6.26-5.98 (M, 1H), 5.11-3.98
(m, 14H), 3.73-3.67 (m, 1H), 3.20-3.06 (m, 7H), 2.35-1.54 (m, 23H), 0.97-0.84 (dd, J= 8.0 Hz, 24H);
1P NMR (162 MHz, CDCls), ¢ 30.58 ppm; HRMS (ESI) m/z calcd for CosH113N10O1sPNa* (M+Na)*
1687.80167, found 1687.80200.

S21



g S 5 Boc--Pro--Val--Orn(NHFmoc)--Leu-PPhe--P
; ; ro--Val--Orn(NHFmoc)--Leu-O-DPBA. 3a-9,
@ ,,,,,, V4 @AO;OKJJ;EL )‘I 1.67 g, 90% vyield, white solid. Ri= 0.40 (CH2Cl.:
@ © MeOH= 10:1). *H NMR (400 MHz, CDCls), ¢
: UKX'( IT %\% 7.89-7.81 (m, 4H), 7.73-7.52 (m, 11H),
| | 744731 (m, 9H), 7.24-7.06 (m, 12H),
P g4 408 (m, 6H), 4.48-402 (m, 10H),
3.71-3.06 (M, 10H), 2.37-1.64 (m, 26H), 1.49-1.42 (m, 18H), 0.98-0.86 (dd, J= 8.0 Hz, 24H); 3P

NMR (162 MHz, CDCls), 6 31.62 ppm; HRMS (ESI) m/z calcd for CiosH12sN1101sPNa* (M+Na)*
1884.90686, found 1884.90894.

P Fmog T e . Fmoc-PPhe--Pro--Val--Orn(NHFmoc)--Leu-P
H \ E

5 ™ : Phe-tPro--Val--Orn(NHFmoc)--Leu-O-DPB

f o 4 o ! . . |
@ ,,,,, Vi OJ\P/N#NH&N@ . A. 3a-10, 968 mg, 90% vyield, white solid. R=
. ~o (0] !

HON o i 0.30 (CHCl2: MeOH= 10:1). 'H NMR (400
dz\ﬁji(ﬁjl | MHz, CDCl), 5 7.93-7.88 (m, 4H), 7.79-7.69
| ° . (m, 6H), 7.65-7.59 (m, 6H), 7.49-7.31 (m, 16H),
e g 962,00 (m, 16H), 6.90-6.83 (m, 2H), 6.20 (m,
1H), 5.79-5.70 (m, 1H), 5.12-5.05 (m, 2H), 4.65-3.92 (m, 19H), 3.77-3.54 (m, 4H), 3.35-3.04 (m,
8H), 2.71-2.39 (m, 3H), 2.04-1.46 (m, 16H), 1.31-1.25 (m, 1H), 1.08-0.79 (dd, J= 8.0 Hz, 24H); 3'P
NMR (162 MHz, CDCls), 6 30.67 ppm; 3C NMR (100 MHz, CDCls), 6 174.2, 173.6, 173.4, 172.9,
172.3, 1715, 158.0, 157.3, 157.1, 155.6, 150.6, 150.5, 144.3, 144.0, 143.8, 143.5, 143.3, 141.4,
141.2, 136.6, 135.7, 132.6, 132.4, 131.9, 131.5, 130.1, 129.7, 129.5, 129.2, 128.7, 128.6, 128.4,
127.9, 127.7,127.1, 127.0, 126.9, 125.5, 125.2, 125.1, 125.0, 124.8, 124.6, 120.7, 119.9, 67.4, 67.1,
66.7, 65.9, 61.8, 61.5, 60.3, 56.0, 55.3, 54.5, 54.1, 53.5, 53.4, 52.3, 51.0, 47.6, 47.2, 47.0, 46.7, 41.1,
40.9, 40.6, 40.3, 39.7, 37.2, 36.6, 29.4, 29.2, 29.0, 28.7, 27.3, 25.8, 25.3, 24.8, 24.4, 23.3, 23.0, 21.8,
21.2, 20.8, 19.7, 19.5, 19.4, 19.2; HRMS (ESI) m/z calcd for CizsHi3sN12019PNa* (M+Na)*
2153.99093, found 2153.99512.

8. Head-to-tail cyclization synthesis of linear gramicidin S.

Method 1: General procedure for cyclization/ self-cleavage synthesis of cyclopeptide.

The linear product Fmoc-PPhe--Pro--Val--:Orn(NHFmoc)--Leu-PPhe--Pro--Val--Orn(NHFmoc)
-LLeu-O-DPBA was added to a solution of 25% DEA/MeCM (Vbea/Vmecn= 1:3) and stirred at 35<C
for 5 h and intermittently assisted with ultrasound treatment. The solution was then concentrated
under reduced pressure to afford the residue. The results of TLC, HRMS (ESI), and NMR analysis
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confirmed that the decapeptide Fmoc-PPhe-tPro--Val--Orn(Fmoc)-tLeu-PPhe--Pro-tVal--Orn
(Fmoc)--Leu-O-DPBA only completed the removal of the Fmoc protected group, and there was no
head-to-tail cyclization/ self-cleavage product. Only the de-Fmoc product H-PPhe-‘Pro-tVal
--Orn(NHz)--Leu-PPhe--Pro--Val--Orn(NH,)--Leu-O-DPBA was obtained in this way.

Method 2: Conventional general procedure for synthesis of gramicidin S

H-PPhe-LPro--Val--Orn(NH2)--Leu-PPhe-LPro--Val--Orn(NH)--Leu-O-DPBA (145 mg, 0.1
mmol) was added to a solution of LiIOH/THF/H.O (LiOH 3 equiv, v/v=10:1) cleavage reagent system
and stirred for 3 h at room temperature. Then remove THF to derive the residue with water. The
residue was neutralized with 0.1 M HCI and obtained the appeared precipitates. The precipitates were
added with cold diethyl ether and assisted with grinding and ultrasonic treatment, the decapeptide
precipitate was then obtained by centrifugation. Continue to add the diethyl ether and repeat the
above operation 3 times to get the purified decapeptide precipitate product 95 mg in 82% yield.

PyBOP (35 mg, 0.06 mmol, 1.2 equiv) and DIPEA (17 xL, 0.1 mmol, 2.0 equiv) were added to a
solution of linear gramicidin S (60 mg, 0.05 mmol, 1.0 equiv) in CHCIls (40 mL, 10° M). The
mixture was stirred for 16 h at room temperature. The mixture was washed with saturated NaHCO3 2
times and concentrated to obtain the crude product residue. RP-HPLC was then performed to obtain
the gramicidin S.

Cyclo [PPhe--Pro-tVal--Orn(NH2)--Leu-PPhe-tPro--Val--Orn(NHy)-"Leu], HRMS (ESI) m/z
calcd for CeoHosN12010" (M+H)* 1141.71321, found 1141.71301.

9. On-DPBA support cyclization/ self-cleavage synthesis of
cyclodipeptide

Extension of DPB-OH attached peptide chains: According to the above synthesis procedures,
and using the above coupling reagent system such as EDCI/DMAP, EDCI/HOBt/DIEA (2.0 equiv),
and the above de-Boc reagent system (50% TFA/DCM) to extend the DBA-OH attached dipeptide
Fmoc--Phe--Pro-O-DPBA.

------------------------------------ Fmoc--Phe--Pro-O-DPBA. 3a-11, 390 mg, 84% total yield.
m L-Pro 1 14 NMR (400MHz, CDCls), & 7.92-7.87 (m, 5H), 7.75-7.74

@ Q NH (d, 2H), 7.57-7.36 (m, 12H), 7.28-7.16 (m, 9H), 5.14-4.99
! mP—0 :

v (m, 2H), 4.77-4.71 (m, 1H), 4.55-4.52 (t, 2H), 4.37-4.32 (m,
L-Phe i 1H), 4.26-4.22 (m, 1H), 3.64-3.58 (m, 1H), 3.23-3.08 (m,

""""""""""""""""""" " 2H), 2.99-2.93 (m, 1H), 2.12-2.09 (m, 1H), 1.87 (s, 3H) ppm;
3C NMR (100MHz, CDCls), § 171.54, 171.15, 170.47, 155.83, 150.91, 150.83, 143.86, 141.25,

136.22, 131.83, 131.73, 131.45, 128.75, 128.45, 127.70, 126.92, 125.27, 125.19, 120.87,
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119.96,67.04, 66.11, 60.40, 59.08, 53.84, 47.09, 46.93, 38.86, 28.87, 24.88, 21.06 ppm; HRMS (ESI)
m/z calcd for CagHasN207P* [M+H]" 791.28806, found 791.28796.

General procedure for on-DPBA cyclization/ self-cleavage synthesis of cyclodipeptide

The linear product Fmoc--Phe--Pro-O-DPBA (390mg, 0.5 mmol) was added to a solution of
25% DEA/MeCM (100 mL, vpea/Vmecn= 1:3) and stirred at r.t for 2 h and intermittently assisted with
ultrasound treatment. The solution was then concentrated under reduced pressure to afford the
residue. Then petroleum ether was added to the above residue and assisted with ultrasonic treatment
and grinding processing. Repeat the above operation 3 times to afford the white precipitate of
DBA-OH and cyclic dipeptide. Then preparative TLC was performed to obtain the cyclodipeptide
cyclo( ~Phe--Pro).

T o T cyclo( “Phe-LPro). 3a-12, 205 mg, 84% yield, *H NMR (400MHz, CDCls),
- ' 0739-7.24 (m, 5H), 5.70 (5, 1H), 4.31-4.28 (d, 1H), 4.11-4.08 (t, 1H),
m 3.70-3.55 (m, 3H), 2.84-2.77 (d, 1H), 2.38-2.32 (m, 3H), 2.08-1.91 (m, 3H),
5 | 175 (s, 1H) ppm®C NMR (100MHz, CDCl3), § 169.40, 165.07,
| 135.95,129.28, 129.13, 127.56, 59.14, 56.19, 45.46, 36.79, 28.36, 22.55;
HRMS (ESI) m/z calcd for C14H17N202" [M+H]* 245.12845, found 245.12816.
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NMR Spectra and HRMS (ESI) Spectra
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DPBA, 4a *C NMR (160 MHz, CDCls)

49#12 RT:0.16 AV:1 NL: 3.46E8
T: FTMS + p ESI Full ms [100.00-1000.00]

100

90
B O
7 [:::1\\ // /J:;::r/\\c)H

355.10992

b 356.11313

] 353.17618 857.11557 360.47769
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T T
350 352 354 356 358 360 362 364
m/z

DPBA, 4a HRMS (ESI) m/z calcd for C20H2004P* [M+H]* 355.10937, found 355.10992.
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348 #20 RT: 0.29 AV:1 NL:543E7
T: FTMS + p ESI Full ms [150.00-2000.00]

100 829.28052

90

830.28387

831.28613

832.28839
1
L

[
832

828.36218

L UL

837.01526 838.79510 840.77203

| N N N I B N N NN BN BN B B B N N R

836 838 840 842

O T T T T T T T T T T | L T
820 822 824 826 828 830 834

m/z

Boc--Val-O-N=BDKO HRMS (ESI) m/z calcd for C47H47N20gP2* (M+H)* 829.28022, found
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Boc--Phe--Val-O-N=BDKO H NMR (400 MHz, CDCls)
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Boc--Phe--Val-O-N=BDKO *C NMR (100 MHz, CDCls)

349 #14 RT: 0.19 AV:1 NL: 8.78E7
T: FTMS + p ESI Full ms [150.00-2000.00]

100 976.34833

90

A 977.35126

20 978.35400

1111

979.35498
975.90576 [l 980.35645

0= LIS L L L I B e I B B B
972 973 974 975 976 977 978 979 980 981 982 983 984
m/z

Boc--Phe--Val-O-N=BDKO HRMS (ESI) m/z calcd for CsgHssN3OgP2" (M+H)* 976.34863, found
976.34833.
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350#14 RT:0.19 AV:1 NL:6.23E7
T: FTMS + p ESI Full ms [150.00-2000.00]
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Boc--Val--Phe--Val-O-N=BDKO HRMS (ESI) m/z calcd for Ce1HssN4O10P2" (M+H)* 1075.41704,
found 1075.41736.
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Boc--Phe--Val--Phe--Val-O-N=BDKO *C NMR (100 MHz, CDCls)

351#50 RT:0.74 AV:1 NL: 2.46E6
T: FTMS + p ESI Full ms [150.00-2000.00]

100-, 1222.48596

90

] 1223.48975

30 1224.49146

1225.49329
1216.53613 1218.54944 J | 1226.49817 1231.91516

I
O—+rr T T T T T ™ T T LRARE AR |

T T T T T T
1224 1226 1228 1230 1232

m/z

T T T T
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Boc--Phe--Val--Phe--Val-O-N=BDKO HRMS (ESI) m/z calcd for C7oH74aN5011P2" (M+H)*
1222.48546, found 1222.48596.
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352#13 RT: 0.17 AV:1 NL: 5.98E6
T: FTMS + p ESI Full ms [150.00-2000.00]

100+ 1321.55359
90
80 132255615
70
60
50
40
30 132355933
20
103 132456091

. n 132555713 1333.59229
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1315 1320 1325 1330 1335
m/z

Boc--Val--Phe--Val--Phe--Val-O-N=BDKO HRMS (ESI) m/z calcd for C75HgsNsO12P2* (M+H)*
1321.55387, found 1321.55359.
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Boc--Phe--Val--Phe--Val--Phe--Val-O-N=BDKO H NMR (400 MHz, DMSO-ds)
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Boc--Phe--Val--Phe--Val--Phe--Val-O-N=BDKO **C NMR (100 MHz, DMSO-ds)

353#18 RT: 0.25 AV:1 NL: 2.29E6
T: FTMS + p ESI Full ms [150.00-2000.00]

100 1468.62256

90

70 1469.62610

40 1470.62671

1 1471.62598

1463.63501 1472.63159 1478.62280

Gxwxywxw[xwxywxwywxwyxwxywxhywxwywxwywxwywx

1460 1462 1464 1466 1468 1470 1472 1474 1476 1478
m/z

1111

L
1480

Boc--Phe--Val-tPhe-Val--Phe--Val-O-N=BDKO HRMS (ESI) m/z calcd for CgsHg2N7013
P2"(M+H)* 1468.62229, found 1468.62256.
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3-1#41 RT:0.24 AV:1 NL:4.17E5
T: FTMS + p ESI Fulllock ms [150.0000-2250.000C

877.28094
100+
90
80
704
60
] 878.28418
50
40
30
207 879.28693
104 888.27374
] 880.29047 891.94977
Oxyxxxyxxx[xwxyxwxyxwx[wxwywxwyﬁxwyxwx[wxwywxx[wxwywxw'{xwx
866 868 870 872 874 876 878 880 882 884 886 888 890 892
m/z

Boc-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for Cs1Ha7N2OgP2* (M+H)* 877.28022, found
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Boc--Phe-PPhe-O-N=BDKO 'H NMR (400 Hz, CDCls)
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Boc--Phe-PPhe-O-N=BDKO *C NMR (100 Hz, CDCls)

3-2#17 RT:0.12 AV:1 NL: 8.20E6
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

100 1024.34961

90

B 1025.35266
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] 1035.84204
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1018.80084 102231744 1028.36279 1033.36450
T T T 17T T T T T T T

]
T L L L T T T T 1T LI

T T T
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miz

1037./34680
| / 1038.35156
LI N B |

0=

Boc--Phe-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for CeoHssN3OgP2" (M+H)* 1024.34863,
found 1024.34961.

S42



3-3#9 RT: 0.07 AV:1 NL:3.12E5
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

100
90
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60
50
40

30

113527136
P -

114448132

1145.39978

1146.40479

1147.40686

1148.41284
|

T T T T
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T
1144

Madd et T haadd sy
1146 1148 1150
m/z

T
1152

T
1154

T ™
1156 1158

Boc-PVal--Phe-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for CesHsaN1O10P2Na* (M+Na)*
1145.39899, found 1145.39978.
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Boc-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO 'H NMR (400 Hz, CDCls)
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3-4#44 RT. 032 AV:1 NL: 2.25E4
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

100 1678.70898

3 1677.70410

] 1679.71118

1 1680.71228

I

T T T T T T T T T T T T T T T T T T T
1674 1676 1678 1680

m/z

Fmoc-PVal--Leu-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for
Co6H104NsO14P2Na*™ (M+Na)* 1677.70394, found 1677.70410.
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Fmoc-PVal--Phe-PVal-PVal-PVal-Phe-PPhe-O-N=BDKO *H NMR (400 Hz, DMSO-ds)
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00314#21 RT: 0.28 AV:1 NL: 1.95E5
T: FTMS + p ESI Full ms [150.00-2000.00]

100+

1689.70520

90

1690.71790

80

70 1691.70105

] 1685.86609
. 1692.71021 1695.50244
20] 1686.45923

T LRARAN

I T
1684 1692

m/z

Fmoc-PVal--Phe-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for
CooH103Ng014P2" (M+H)* 1689.70635, found 1689.70520.
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Fmoc-PVal-“Leu-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO H NMR (400 Hz, DMSO-ds)
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1-8#8 RT.0.06 AV:1 NL: 6.56E4
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

100 1677.70581
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1679.71130
70
60
50
40
30
1680.71729
20
1670.94763 1681.71570
10 h }»
0+ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1672 1674 1676 1678 1680 1682 1684 1686 1688
m/z

Fmoc-PVal-t1le-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for
Co6H104NsO14P2Na*™ (M+Na)* 1677.70394, found 1677.70581.

1-7#23 RT:0.16 AV:1 NL: 2.46E5
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

100

1664.69336

90 1663.68982

80

7 1665.69617

] 1666.70081

1667.69812

T T T T LARAAL RRAAS AL ARAAE RARA) RARAS RARA! RARRI RARS! RARM RESRI RAMM RAARE RAARE LAMRE RAAME RARAL NAAAS MAAME ARAMS RARM RARAN |
1666 1668 1670 1672 1674 1676

m/z

T T T T T T T
1656 1658 1660 1662 1664

Fmoc-PVal--Val-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for
CosH102NgO14P2Na* (M+Na)* 1663.68829, found 1663.68982.
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1-31#21 RT:0.12 AV:1 NL: 1.67E5
T: FTMS + p ESI Full lock ms [80.0000-1200.00C
100 831.33923

90
80
831.83966
70
60

50

832.43640

20 832.84424

O———— rr+rrnrn~ g+~ n. .+~ + .. ..+~~~ .11 1 1 1171
830.0 830.5 831.0 831.5 832.0 8325 833.0 833.5 834.0 8345
m/z

Fmoc-PVal--Pro-PVal-PVal-PVal--Phe-PPhe-O-N=BDKO HRMS (ESI) m/z calcd for
CosH100NsO14P2Naz%* (M+2Na)?* 831.33996, found 831.33923.

2
1
1
1
1
1
o
o
o
o

C44HesN7O7
Exact Mass: 803.49455

T T T T T T T T T T T T T T T T T T T T
3.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0 -
f1 (ppm)

Cyclo(PVal--Leu-PVal-PVal-PVal--Phe-PPhe) *H NMR (400 Hz, DMSO-ds)
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3-5#10 RT: 0.08 AV:1 NL: 4.33E5
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

100 826.48425 / e}

907 o HN O
- Ill
1 ’ ?/ NH
80 HN ann
70 O o
] O NH
e
50 O/E\ H O
] 827.48730
20 CuaHesN7O7
] Exact Mass: 803.49455
30
] 82451855
20
] 828.48822
104
. 825.51733 829.49438
0 T T T ™1 T T T T T T T T 1 T T ™1 T T T T T T T LBEaS| T T T T T
824 825 826 827 828 829 830 831
m/z

Cyclo(PVal-tLeu-PVal-PVal-PVal--Phe-PPhe) HRMS (ESI) m/z calcd for CasHesN7O7Na*
(M+Na)* 826.48377, found 826.48425.

O ¥ VM N O BT NM O 0O N N O® O MO T O Mm AN N DM
LI R BN oYM inocoEOnNh OO NORVGS
@ O ® O N NNNNN T T T T TN ANNN - v = v O 0 OO
—=SNN\C I e T e PN N
_/o0
1
- O
o HN
NH
HN .|||II<
(e} (0]
NH
HN /(
N %,
O :H O ,/
C47HesN707
Exact Mass: 839.49455
—

T 3 T * T T 3
N -] =3 Ll =3 o ]
m - "! ° e ° <
- - < - < - ~N
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
2.0 11.5 11.0 10.5 10.0 9.5 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 1.5 10 05 0.0 -0.5 -1.0 -1.5
f1 (ppm)

Cyclo(PVal--Phe-PVal-PVal-PVal--Phe-PPhe) *H NMR (400 Hz, DMSO-ds)
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00315 #26 RT: 0.35 AV:1 NL: 9.58E5
T: FTMS + p ESIFull ms [150.00-2000.00]

100+ 838.48602
90 J$ (e} H
] I e
80 )
- un
3 " NH
70 HN o
] 0 0
60 NH
] 839.48901 HN /(
50 ) T~N '/
] O :H O
407 N
] C47Hg5N707
] Exact Mass: 839.49455
30+
204
10 840.49420 85217358
] 849.21307 852.173
] 827.90643 ] 83000812 83345850 837,5,4;{53| [ 841.49200 845.318843 n [ l
0 ! ywxwywxw%xwx{xwlxylxxxy T 11 T yrxxl[ xwlxlyxxx[xxlx ywxwywx”w‘y

T
826 828 830 832 834 836 838 840 842 844 846 848 850 852
m/z

Cyclo(PVal--Phe-PVal-PVal-PVal--Phe-PPhe) HRMS (ESI) m/z calcd for Ca7HesN7O7* (M+H)*
838.48617, found 838.48602.
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C44Hs5N707

Exact Mass: 803.49455

L T T T T T
1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5
f1 (ppm)

Cyclo(PVal-t11e-PVal-PVal-PVal--Phe-PPhe) *H NMR (400 Hz, DMSO-ds)
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1-10#13 RT: 0.10 AV:1 NL: 6.28E4
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

826.48535
100
/o
90 g (o)
OHN
y,,
80 NH
HN o
70 % ©
NH
60 HN N/\(
O :H O ’/
50
C44HesN707
40 Exact Mass: 803.49455
826.89185
30
827.50879
20
10 827.96387
0 T T T T T T T T T T T T T T T T T T T T T T T T T T (\[ T T T
8255 826.0 826.5 827.0 8275 828.0
m/z

Cyclo(PVal-t11e-PVal-PVal-PVal--Phe-PPhe) HRMS (ESI) m/z calcd for CasHesN7O7Na* (M+Na)*
826.48377, found 826.48535.
1-29 #15-33 RT: 0.09-0.18 AV: 19 NL: 8.02E4

T: FTMS + p ESIFull lock ms [80.0000-1200.00(
100 812.46765 / O

21y
90 0 HN 0o
I,
80 NH
HN annt
70 o e}
60 811.80838 o NH
. 811.30559 7/_¥N ',,/,,/
O : H O
20 /\
C43Hs3N707
30 Exact Mass: 789.47890
20 812.30969 814.48415
10 813.47227
811.50673 /\ 813.83193
G T T T s /\
AR AAAS BRSNS LR RARAY RARAE MARSE RAMAY RARA) RAARS RAMSS RAAMS RAARY AR RAAAN RAMA) RARAD RAMMS RARA! RAAMS RAMMI RARA RAMMS NARAL RASAS RAMM) RARAM RARMS LAASS RALAS RAMM RARAY RARAS LAALE RARMS ARM 1
811.0 8115 812.0 8125 813.0 8135 814.0 8145
m/z

Cyclo(PVal--Val-PVal-PVal-PVal--Phe-°Phe) HRMS (ESI) m/z calcd for CasHesN7O7Na* (M+Na)*
812.46812, found 812.46765.
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Ca3He1N7O7
Exact Mass: 787.46325

|,
@ <+
" ° o °
- e ) <
~” 0 - ~N
T T T T T T T T T T T T T T T T
12 1 10 9 8 7 3 2 1 ° 1 2 3

5 4
f1 (ppm)

Cyclo(PVal--Pro-PVal-PVal-PVal--Phe-PPhe) *H NMR (400 Hz, DMSO-ds)

1-30#19 RT: 0.11 AV:1 NL: 2.20E6
T: FTMS + p ESI Full lock ms [80.0000-1200.00¢

100 810.45270 / 0

90 o HN
80 " NH
HN ...n|<
70 0] (0]
HN NH
60 /\(
s 811.45593 OW:\ H o) l/
/\
40 C43Hs1N7O7

Exact Mass: 787.46325

307 807.48413

20 812.46161
10 808.48608 813.46735
A 808.96771 810.95337
Owyxxxxyxxwxyxw“xx[xw‘xw“yxxwxyxwxx[xwxwyxwxwyxwxwywxwxy
807 808 809 810 811 812 813 814 815 816 817
m/z

Cyclo(PVal--Pro-PVal-PVal-PVal--Phe-PPhe), HRMS (ESI) m/z calcd for CasHeiN7O7Na* (M+Na)*
810.45247, found 810.45270.
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— 30.78

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140

H-LLeu-O-DPBA 3P NMR (163 Hz, CDCls)

2-38#12 RT: 0.09 AV:1 NL:1.42E8
T: FTMS + p ESI Full ms [150.0000-2250.0000]

100 438.18219
90
80
70
60
50
40
30 439.18515

20

10
440.18817
| 441.19077
T

O e o i B A  aa  Aa
425 430 435 440 445 450 455
m/z

H-LLeu-O-DPBA H NMR (400 Hz, CDCls) HRMS (ESI) m/z calcd for CasHaoNO4P* (M+H)*
438.18287, found 438.18219.
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31.15

Fmoc

|
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O\O O

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140

Boc--Orn(Fmoc)--Leu-O-DPBA 3P NMR (163 Hz, CDCls)

1-33#7 RT:0.06 AV:1 NL: 1.46E6
T: FTMS + p ESI Full lock ms [150.0000-2250.0¢

100 896.36548
90
80
70
60 897.36859
50
40
30

20 898.37158

10 89494720
' 899.37451
876.96954 884.94891 891.95245 L 90497345 g0g 95514 912.33893

T

P
T T T T T T T T T T T T T T T T T e e T LAARRE AR AR RAAAY RARM RASAS MAAME MM T T T T

T T
880 885 890 895 900 905 910 915

m/z

Boc--Orn(Fmoc)--Leu-O-DPBA HRMS (ESI) m/z calcd for CsoHssN3sOgPNa* (M+Na)* 896.36464,
found 896.36548.
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31.22

Fmoc

|
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o O H 2
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E ~o o}

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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Boc--Val--Orn(Fmoc)--Leu-O-DPBA 3P NMR (163 Hz, CDCls)

1-34 #15 RT:0.11 AV:1 NL:541E7
T: FTMS + p ESI Full lock ms [150.0000-2250.0¢

100 995.43433
90
80
70

996.43610

60

50

40

30

997.43878

20

10

990.48004 998.44159
,992.48651 994.48804 ] 999.44452 100091156 1004.49280 100649835
0 | il A M | [ARAMd ALY IAMAY RARAS LALA RAMAY LAAR] RAAM AAAM BARA WAA) RAAAY LAAA) AL Ty AL T frrrrrert LhARAL MMM AAAL A

T T T
988 990 992 994 996 998 1006 1008
m/z

T T ™7
1000 1002 1004

Boc-Val--Orn(Fmoc)--Leu-O-DPBA HRMS (ESI) m/z calcd for CssHesN4O10PNa* (M+Na)*
995.43305, found 995.43433.
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Boc--Pro--Val--Orn(Fmoc)--Leu-O-DPBA *H NMR (400 Hz, CDCls)
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Fmoc
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T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20

Boc--Pro--Val--Orn(Fmoc)--Leu-O-DPBA 3P NMR (163Hz, CDCls)

1-35#10 RT:0.08 AV:1 NL:9.30E7
T: FTMS + p ESI Full lock ms [150.0000-2250.0¢

100 1092.48767
El)
80
70 1093.48926
60
50
40

%0 1094.49158

20

10 109150342 1095.49451

0 1078.46643 1087.53479 \ ' 102@-!}9?54 1101.54797 1108.45874
T T

i )
T T T T T T T T T T T T T T T T T T T T T T T T T T T

T
1105 1110

T T T T
1080 1090 1095 1100

m/z

Boc--Pro--Val--Orn(Fmoc)--Leu-O-DPBA HRMS (ESI) m/z calcd for CeoH72NsO11PNa* (M+Na)*
1092.48582, found 1092.48767.
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Boc-PPhe-LPro-tVal--*Orn(Fmoc)--Leu-O-DPBA *'P NMR (163Hz, CDCls)

1-36 #35 RT: 0.22 AV:1 NL:7.22E5
T: FTMS + p ESI Full lock ms [150.0000-2250.0¢

100 1239.55530

90
1240.55823
80 ]
70
60
50
40
1241.56165
30
20

10 1242.56470

1243.56677 1246.2908
4

T T T T T T T T T T T
1240 1245 1250
m/z

Boc-PPhe-LPro--Val--Orn(Fmoc)--Leu-O-DPBA. HRMS (ESI) m/z calcd for CegHs1NsO12PNa*
(M+Na)* 1239.55423, found 1239.55530.
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Boc--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA *C NMR (100Hz, CDCls)
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Boc-‘Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA 3P NMR (163 Hz, CDCls)

2-39#7 RT:0.06 AV:1 NL:1.26E4
T. FTMS + p ESI Full lock ms [150.0000-2250.000C

100 1352.63940

1353.64136
9

80
70
60
50
40 1354.64380

30

20 1355.64929
1348.89319 B

1345.76331

Boc-tLeu-PPhe-LPro--Val--*Orn(Fmoc)--Leu-O-DPBA HRMS (ESI) m/z calcd for
C75Hgo2N7013PNa* (M+Na)* 1352.63829, found 1352.63940.
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Boc--Orn(Fmoc)--Leu-PPhe-LPro--Val--Orn(Fmoc)--Leu-O-DPBA P NMR (163 Hz, CDCls)

2-40 #45 RT: 0.34 AV:1 NL: 6.80E4
T: FTMS + p ESI Full lock ms [150.0000-2250.000C
1688.78735
100 1689.79150
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Boc--Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)-tLeu-O-DPBA HRMS (ESI) m/z calcd for
CosH112N9O16PNa* (M+Na)* 1688.78569, found 1688.78735.
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H-LVal--Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA *H NMR (400 Hz,
CDCls)

2-41#18 RT:0.13 AV:1 NL: 1.02E7
T: FTMS + p ESI Full lock ms [150.0000-2250.000C
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1688.80469
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H-%Val--*Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA HRMS (ESI) m/z calcd
for CosH113N1001sPNa* (M+Na)* 1687.80167, found 1687.80200.

S67



LIS
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 Sf(: [prirr:] 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Boc--Pro--Val--Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA 'H NMR (400 Hz,
CDCls)
7
Fmoc
HN
N N
u.,,,// O
. oM o
OCN o] X'(HN i
HN HN
NH—Fmoc

T T T T T T T T T T T
10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140
)

80 70 60 50 40 30 20 10 O -
f1 (ppm

T T
140 130 120 110 100 90

Boc--Pro--Val--Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA 3P NMR (163 Hz,
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2-42 #14 RT: 0.10 AV:1 NL:9.37E6
T: FTMS + p ESI Full lock ms [150.0000-2250.000C

100 1885.91187

90

80 1884.90894

70
1886.91455
60 i
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80 1887.91797
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Boc--Pro--Val--Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA HRMS (ESI) m/z
calcd for C10sH128N11018PNa* (M+Na)* 1884.90686, found 1884.90894.
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Fmoc-PPhe--Pro--Val--Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA 'H NMR
(400 Hz, CDCls)
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2-43 #56 RT: 0.32 AV:1 NL:4.48E5
T: FTMS + p ESI Full lock ms [266.7000-4000.000C
1004 2154.99805

90

80 2156.00073

20 2153.99512

60
50
40 2157.00220

30

20

2158.00635

10 2152.03687
2150.03711

07 T T T y"x\ S na e i Biatanaansnancy)

2145 2150 2155

2159.01294

A

T T T T T
2160
m/z

Fmoc-PPhe--Pro--Val--Orn(Fmoc)--Leu-PPhe--Pro--Val--Orn(Fmoc)--Leu-O-DPBA HRMS
(ESI) m/z calcd for C124H133N12019PNa* (M+Na)* 2153.99093, found 2153.99512.

6-CYCLO-1#20 RT: 0.11 AV:1 NL:1.27E7
T: FTMS + p ESI Full lock ms [80.0000-1200.0000]

1141.71301
100 30
90
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] 1143.71802
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20
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: 1146.64636 115170337 ~ 115570325 1160.68213
Ox[wxxx[xxxw[xxxxylx‘xxx[xlxxx[nxxﬂxhx[‘xx

1130 1135 1140 1145 1150 1155 1160
m/z

Gramicidin S Cyclo[PPhe-tPro--Val--*Orn(NH:)--Leu-PPhe--Pro--Val--Orn(NH2)--Leu] HRMS
(ESI) m/z calcd for CeoHeaN12010" (M+H)* 1141.71321, found 1141.71301.
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000153_190606182845 #47 RT: 0.70 AV:1 NL: 1.01E8
T: FTMS + p ESI Full ms [150.00-2000.00]

100+

791.28796

90

80

J 792.29095

10 793.29401

] 780.66693 78503748 78836572 794.29565 79764661 80231238 oo o/%

0 T T T T T T 1 T T T T T T T T T T T T T T T T T T T
780 785 790 795 800
m/z

|
805

Fmoc--Phe--Pro-O-DPBA HRMS (ESI) m/z calcd for CagHasN207P* [M+H]* 791.28806, found

791.28796.
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Cyclo (-Phe--Pro) *C NMR (100MHz, CDCls)

00098 #51 RT: 0.79 AV:1 NL: 1.43E7
T: FTMS + p ESI Full ms [100.00-1000.00]

100~

245.12816

90

80

30 24552448

246.13124

124031999 242.09795 243.11400 248.25476
0 rrrrr g1 rrrrrrrrrrrrrryrrrrrrrrr 1T 111 I T T T

240 241 242 243 244 245 246 247 248 249
m/z

Cyclo (*Phe--Pro) HRMS (ESI) m/z calcd for C14H17N202" [M+H]* 245.12845, found 245.12816.
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