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1. General Information and Materials

General information: *H NMR and *C NMR spectra were recorded on Bruker AM400, AM500 or
AMG600 spectrometers and were calibrated using residual undeuterated solvent (CHCIs at 7.26 ppm *H
NMR, 77.00 ppm 3C NMR; DMSO-ds at 2.50 ppm *H NMR, 39.52 ppm *C NMR; CHsOD at 3.31
ppm *H NMR, 49.00 ppm C NMR). *F NMR spectra were recorded on a Bruker AM400, AM500
or AM600 spectrometer (CFCls was used as the external standard, and the low field is positive).
Chemical shifts (6) are reported in ppm, and coupling constants (J) are in Hertz (Hz). The following
abbreviations were used to explain multiplicities: s = singlet, d = doublet, t = triplet, g = quartet, m =
multiplet, br = broad. The NMR yield was determined by **F NMR using fluorobenzene as an internal
standard before working up the reaction. High Resolution Mass spectral data were recorded on Waters
Premier GC-TOF spectrometer in EI mode, JEOL AccuTOF-MS in ESI positive ion mode. IR spectra

were recorded on a Bruker TENSOR 27 FTIR Spectrometer equipped with a Platinum ATR detector.

Materials: Unless otherwise noted, reagents were used as received from commercial sources and used
without further purification. Peptides were customized from GenScript and TACHEM. All solvents
were not superdry. DFASs were prepared according to the literature!. 12 W blue LED strips

(GreeThink 12V-5050-60; 1 mx12.5 mm>4.4 mm) was purchased from Taobao.com.
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2. Optimizations of the Reaction Conditions for the gem-Difluoroallylation of Protected Cysteine

la with DFASs 2

Table S1. Optimization of the Regioselectivity®

R’ R'
SH o F F
\Ronf Na,CO; (1.0 equiv) F,'/K '/&(
BocHN™ ~CO,M S ' s F
oc 2vie DMSO/ H,0 (1:1), rt, 1 h
BocHN CO,Me BocHN CO,Me
1a (1.0 equiv) 2 (1.0 equiv) 3 (y—selectivity) 4 (a-selectivity)
. é ot o F s‘ o
W® P L (%)OTf 1%®\/\©
2a 2c 2d
3and 4
Entry DFAS
3/ 4, yield (%)P vla
1 2a 3a/4a=77/23 3.3:1
2 2b 3b/4b=79/8 10:1
3 2C 3b/4b=92/-- >99:1
4 2d 3a/4a=93/-- >99:1

8Reaction conditions (unless otherwise specified): 1a (0.1 mmol, 1.0 equiv), 2 (0.1 mmol, 1.0 equiv), Na,CO3 (0.1

mmol, 1.0 equiv), H,O (1 mL), DMSO (1 mL), rt, 1h. "Determined by °F NMR using fluorobenzene as an internal

standard.
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Table S2. Screening of the Loading Amount of the Base?®

. Ph Ph
SH Ph | ®OTf ] F;,/& ’/S/F
/[ ) FYK/(%\/\Ph Na,COj; (x equiv) s . s E
BocHN™ "CO,Me F DMSO/ H,0 (1:1), rt, 1 h
DFAS BocHN CO,Me BocHN CO,Me
1a (1.0 equiv) 2c (1.0 equiv) 3b (y-selectivity) 4b (a—selectivity)
3and 4
Entry X X
3b / 4b, yield (%)° vl
0.2 32/ -- >09:1
05 90/ -- >99:1
1.0 92/ -- >99:1

aReaction conditions (unless otherwise specified): 1a (0.1 mmol, 1.0 equiv), 2¢ (0.1 mmol, 1.0 equiv), Na;CO3 (x

equiv), H20 (1 mL), DMSO (1 mL), rt, 1h. "Determined by °F NMR using fluorobenzene as an internal standard.

Table S3. Screening of the Solvents?

Ph Ph
Ph © F,’_ F
LSH Fﬁ/@s\/oif Na,COs (0.5 equiv) F—A (&(
. ® Ph S + S F
BocHN CO,Me E Solvent/ H,O (1:1), rt, 1 h
DFAS BocHN CO,Me BocHN CO,Me
1a (1.0 equiv) 2c (1.0 equiv) 3b (y-selectivity) 4b (a—selectivity)
3and 4
Entry Solvent
3b / 4b, yield (%)° vl
1 H.O 57/ -- >99:1
2 DMSO 90/ -- >99:1
3 DMF 95/ -- >99:1
4 THF 84/-- >99:1
5 CH3OH 92/-- >99:1
6 CH3CN 89/ -- >99:1

#Reaction conditions (unless otherwise specified): 1a (0.1 mmol, 1.0 equiv), 2¢ (0.1 mmol, 1.0 equiv), NaCOs (0.05
mmol, 0.5 equiv), Solvent (1.0 mL), H20 (1 mL), rt, 1 h. "Determined by °F NMR using fluorobenzene as an internal

standard.
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Table S4. Intermolecular Competition Experiments with Other Amino Acids?

SH Ph | Oor 2 F
) ;RC F%g\/\Ph Na,COj3 (0.5 equiv) F-_ﬁ X SH\FV
BocHN™ ~CO,Me R8HN™ “CO,R' B DMF/ H,0 (1:1), rt, 1 h
DFAS BocHN™ "CO,Me BocHN™ “CO,Me
1a (1.0 equiv) AA (1.0 equiv) 2¢ (1.0 equiv) 3b ()-selectivity) 4b (a-selectivity)
OH HN
OH
<N < NH /[ (1
BocHN™ >CO,Me N~ COaMe
BocHN” >CO,Me BocHN™ "CO,Me ’
BocHN CO,Me
Boc-Tyr-OMe Boc-His-OMe Boc-Trp-OMe Boc-Ser-OMe Pro-OMe
COOH COOH gOooH NH
BocHN” """ Nh, BocHN" > Sx BOCHN/\/\g ’
Boc-Lys Boc-Met Boc-GIn
3and 4
Entry AA
3b / 4b, yield (%)° vlo
1 Boc-Tyr-OMe 99/ -- >99:1
2 Boc-His-OMe 99/ -- >99:1
3 Boc-Trp-OMe 90/ -- >099:1
4 Boc-Ser-OMe 95/ -- >99:1
5 Pro-OMe 96/ -- >99:1
6° Boc-Lys 95/-- >99:1
7° Boc-Met 90/ -- >99:1
8¢ Boc-Gln 99/ -- >99:1

#Reaction conditions (unless otherwise specified): 1a (0.1 mmol, 1.0 equiv), AA (0.1 mmol, 1.0 equiv), Na,CO3 (0.05
mmol, 0.5 equiv), H20 (1 mL), DMF (1 mL), rt, 1 h. ®Determined by °F NMR using fluorobenzene as an internal

standard. nd; not detected. °1.5 equiv Na,CO3 was used.
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Table S5. Examination of the Reaction Time of Reaction of 1a with DFAS 2¢c?

Ph
F/f
SH Ph | Sory F"(&
/[ NG 8\/\% Na,COs5 (0.5 equiv) S
BocHN™ "CO,Me DMF/ H,0 (1:1), rt, t (min) BocHN” “CO,Me
1a, (1.0 equiv) 2c, (1.0 equiv) 3b
Entry t (min) 3b yield (%)°
1 05 16
2 1 50
3 2 68
4 3 85
5 4 99
6 5 99
7 10 99
8 20 99
9 30 99
10 60 99

8Reaction conditions (unless otherwise specified): 1a (0.05 mmol, 1.0 equiv), 2¢ (1.0 equiv), Na;COs3 (0.5 equiv),

H20 (1 mL), DMF (1 mL), rt, 1 h. ®Determined by °F NMR using fluorobenzene as an internal standard.
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Table S6. Examination of the Reaction Time of Reaction of 1a with DFAS 2c¢'?

© i
/[SH . /Ph é\o/ﬂ\ph Na,COj4 (0.5 equiv) H_b
BocHN™ "CO.Me H DMF/ H,0 (1:1), 1t, t (min) BocHN” “CO,Me
1a, (1.0 equiv) 2¢', (1.0 equiv) 3b’
Entry t (min) 3b' yield (%)°
1 0.5 nd
2 1 nd
3 2 6
4 3 11
5 4 14
6 5 28
7 10 36
8 20 64
9 30 78
10 60 73

8Reaction conditions (unless otherwise specified): 1a (0.05 mmol, 1.0 equiv), 2¢’ (1.0 equiv), Na,COsz (0.5 equiv),

H,0 (1 mL), DMF (1 mL), rt, 1 h. °Determined by *H NMR using CH2Br; as an internal standard.

Ph
%
e .
SH Ph | "oty X
/[ . X~ (%\/\Ph Na,CO3 (0.5 equiv) S
BocHN™ "CO,Me DMF/ H,0 (1:1), rt, t (min) BocHN” “CO,Me
1a 2c,X=F;2c',X=H _ vy =
(1.0 equiv) (1.0 equiv) 3b, X =F, 3b", X=H
100 .99 3b
% 85
80 7
68 '
70 .
g 60 50
T 50 °
e -
= 40
30 1?5'..'
20 11 14
o 6 3b’
10
0 |l 1l T T T T T T 1
05 1 15 2 25 3 35 4 45
t/min

Figure S1 Kinetic studies of the reaction of 1a with 2c and 2¢’
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Table S7. The Investigation of Concentrations of the Reaction?

M
o “ HOT(\H%NT(\/\WOH
HOY\N%HMOH o S\ PBS buffer/DMF (1:1) © s ° ©
o H o 0 @®V\© TCEP HCI (5 mM) F,;'
HS F oTf . 1h
GSH, 1.0 equiv 2¢, 5mM 30
Entry Concentration Absorption (area) 30, yield (%)°
1 2mM 1040157.71 99
2 1mM 345263.38 90
3 0.5mM 123519.53 64
4 0.1mM 25926.08 64
5 0.05mM 13112.99 62

8Reaction conditions (unless otherwise specified): GSH (1.0 equiv), 5mM 2c (10 mg), 5mM TCEP HCI (1.4 mg),

0.2M PBS buffer (pH = 7.9, 2 mL), DMF (2 mL), rt, 1h. "Determined by LC-MS.

800000
y = 383420x + 1215.3

700000 R2 = 0.9996 s

600000 :
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Figure S2 Calibration curve of 30
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3. Preparation of Dipeptides 1
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Figure S3 Structures of Dipeptides 1

Note: Dipeptides 1c-d,? 1e,® and 1f-n? are prepared according to the literature.
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4. Preparation of 3,3-Difluoroallyl Sulfonium Salts (DFASSs) 2

| \
F. S \ \ F S
W* Fo S FaANS D
F ~OTf - F oTf
OTf “OTf

F

2a 2b 2c 2d

T™MS

N
OMe CO,Et Il 3
| F” S‘ ‘ ‘
F s §\/\© +\/\© Fu s S Fr §\/\©
F  OTf F oTf E ’OT?/\© F "OTf

2i 2j
Figure S4 Structures of DFASs 2

Note: DFASs 2a,! 2b,> 2¢-f,* 2i-j* are prepared according to the literature.

4.1 Preparation of DFAS 2d.

SH Br K,CO3, DMF F S
O™ ey sme Sty
FF F

s-2d s-2d-1 s-2d-2
Step 1: To a 250 mL round bottom bottle equipped with a magnetic stir bar were added K>COs (2.0
equiv), s-2d-1 (20 mmol, 1.0 equiv), and DMF (50 mL). The resulting reaction mixture was stirred at
room temperature for 12 hours. The reaction mixture was quenched with saturated aqueous NH4Cl
solution and diluted with ethyl acetate. The organic layer was separated. The aqueous layer was
extracted with ethyl acetate twice. The combined organic layers were washed with brine, dried over
anhydrous sodium sulfate, filtered and concentrated. The residue was purified with silica gel
chromatography (Petroleum ether) to afford the product s-2d-2 (3.7g, 86% vyield) as a yellow oil. *H

NMR (400 MHz, Chloroform-d) 3 7.29 — 7.23 (m, 2H), 7.21-7.13 (m, 3H), 4.28 (dtd, J = 24.2, 8.4, 1.6
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Hz, 1H), 3.12-3.06 (m, 2H), 2.88 — 2.80 (m, 2H), 2.75-2.68 (m, 2H). *F NMR (376 MHz, Chloroform-
de) 5 -86.79 (d, J = 42.5 Hz), -89.82 (dd, J = 41.4, 24.1 Hz). *C NMR (101 MHz, Chloroform-d) &
157.3 (t, J = 290.3 Hz), 140.3, 128.5, 128.5, 126.4, 76.8 (dd, J = 23.6, 18.9 Hz), 36.0, 32.7, 24.6 (d, J
= 5.8 Hz).

FWS\/\Q MeOTf (1.0 equiv.) FW’\/@%V\Q
F rt, overnight F OTf

s-2d-2 2d
Step 2: To a 100 mL round bottom flask equipped with a magnetic stir bar were added s-2d-2 (16
mmol, 1.0 equiv) and CH.Cl, (10 mL). MeOTf (1.0 equiv) was then added dropwise at room
temperature. The reaction mixture was stirred at room temperature overnight. Part of the solvent was
removed. Ethyl ether was added to the mixture until a large amount of oil was precipitated. The oil
was washed with ethyl ether three times to afford the final product 2d as a brown oil. *H NMR (400
MHz, Chloroform-d) & 7.35 — 7.20 (m, 5H), 4.56 (dt, J = 23.2, 8.8 Hz, 1H), 3.95 (d, J = 8.8 Hz, 2H),
3.57 (d, J = 7.6 Hz, 2H), 2.73 (s, 3H). 1°F NMR (376 MHz, Chloroform-d) & -75.46 (d, J = 15.8 Hz,
1F), -78.53 — -78.63 (m, 4F). 3C NMR (101 MHz, Chloroform-d) & 159.3 (t, J = 298.0 Hz), 135.9,
129.4,128.7,128.0, 120.5 (g, J = 320.9 Hz, 1F), 68.3 (dd, J = 31.5, 8.0 Hz), 42.7, 36.1 (d, J = 8.0 Hz),
36.6, 21.8. MS (ESI): m/z (%) 229 (M-OTf)*. HRMS (ESI): Calcd. for C12H1504F2S: 229.0857 (M-
OTf)*; Found: 229.0856 (M-OTf)*. IR: 3026, 1740, 1604, 1499, 1457.

4.2 Preparation of DFAS 2h.

TBSO. HO

Pd(PPh3),Cl, (5 mol%
Br (PPh3),Cl; ( o) CAS

‘BuDavephos (10 mol%) CH,Cl,/MeOH

ZnBr
V©/ + F%/S
TBSO £ \/\© rt, overnight AN S 0°C, 1h F A S
T T \/\@

s-2h s-2h-1 s-2h-2 s-2h-3

Step 1: To a 100 mL Schlenk tube equipped with a magnetic stir bar were added Pd(PPh3).Cl. (5
mol%) and ‘BuDavephos (10 mol%). The tube was evacuated and backfilled with Ar (3 times). Aryl
zinc reagent s-2h (1.5 equiv in THF), s-2h-1 (11 mmol, 1.0 equiv), and CH3CN (20 mL) were added.
The resulting reaction mixture was stirred at room temperature for 12 hours. The reaction mixture was
quenched with saturated aqueous NH4Cl solution. The organic layer was separated. The aqueous layer

was extracted with ethyl acetate twice. The combined organic layers were washed with brine, dried
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over anhydrous sodium sulfate, filtered and concentrated. The residue was purified by flash column
chromatography to afford product s-2h-2 and used directly in the next step. Note: Aryl zinc reagent s-
2h are prepared according to the literature.®

Step 2: To a 100 mL round bottom bottle equipped with a magnetic stir bar were added the product s-
2h-2 (6 mmol, 1.0 equiv), solvent (CH2Cl>/MeOH =1:1, 20 mL) and (1S) - (+)-Camphor-10-sulphonic
acid (CAS, 0.5 equiv). The reaction was stirred under ice water bath condition for 1 hour. The reaction
mixture was quenched with EtsN, concentrated and purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 5: 1) to afford the product s-2h-3 (1.7g, 48% vyield, two step overall yield) as a
yellow oil. *H NMR (400 MHz, Chloroform-d) & 7.31 — 7.25 (m, 4H), 7.24 — 7.18 (m, 2H), 7.17 - 7.12
(m, 1H), 7.10 — 7.04 (m, 2H), 4.58 (s, 2H), 3.45 (s, 2H), 2.78 (m, 2H), 2.64 (M, 2H). °F NMR (376
MHz, Chloroform-d) 5 -88.58 (d, J = 37.2 Hz, 1F), -88.81 (d, J = 37.2 Hz, 1F). 3C NMR (101 MHz,
Chloroform-d) & 154.4 (dd, J = 294.8, 290.8 Hz), 140.3 (d, J = 17.3 Hz), 131.6 (t, J = 3.2 Hz), 128.5,
128.5, 128.4, 128.4, 127.0, 126.4, 90.2 (dd, J = 20.0, 14.6 Hz), 64.8, 35.9, 32.9, 29.8. MS (EIl): m/z
(%) 320 (M)*, 142. HRMS (EI): Calcd. for C1sH1s0F,S: 320.1041 (M)*; Found: 320.1046 (M)*. IR:
3346, 1726, 1605, 1583, 1513.

HO N3

DPPA (1.2 equiv.)
- s

NZ S DBU (1.2 equiv.) Fe = S
i \/\@ T \/\©

s-2h-3 s-2h-4

Step 3: To a 100 mL Schlenk tube equipped with a magnetic stir bar was evacuated and backfilled
with Ar (3 times). s-2h-3 (5 mmol, 1.0 equiv), DPPA (1.2 equiv) and DBU (1.2 equiv) were added.
The resulting reaction mixture was stirred at room temperature for 0.5 hour. The reaction mixture was
quenched with 1M HCI. The organic layer was separated. The aqueous layer was extracted with ethyl
acetate twice. The combined organic layers were washed with brine, dried over anhydrous sodium
sulfate, filtered and concentrated. The residue was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 50: 1) to afford the product s-2h-4 (656 mg, 38% yield) as a colorless oil. *H
NMR (400 MHz, CDCl3) § 7.40 (d, J = 8.4 Hz, 2H), 7.32-7.28 (m, 4H), 7.24-7.21 (m, 1H), 7.20-7.15
(m, 2H), 4.35 (s, 2H), 3.54 (t, J = 2.0 Hz, 2H), 2.89 — 2.85 (m, 2H), 2.76 — 2.72 (m, 2H). °F NMR
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(376 MHz, CDCls) & -88.1 (d, J = 35.7 Hz, 1F), -88.2 (d, J = 43.6 Hz, 1F). 3C NMR (101 MHz,
Chloroform-d) & 154.5 (dd, J = 295.2, 291.7 Hz), 140.2, 135.0, 132.4 (t, J = 3.1 Hz), 128.7 (t, J = 2.7
Hz), 128.5, 128.4, 128.2, 90.1 (dd, J = 19.8, 14.9 Hz), 54.4, 36.0, 33.0, 30.0. MS (EI): m/z (%) 317
(M-N2)*, 180 (100). HRMS (EI): Calcd. for C1gH17NF2S: 317.1044 (M)*; Found: 317.1048 (M)*. IR:
2926, 2099, 1721, 1604, 1515.
N Ny
MeOTF (1.0 equiv.) ‘
s2h4 2n

Step 4: To a 100 mL round bottom flask equipped with a magnetic stir bar were added s-2h-4 (1.9
mmol, 1.0 equiv) and CH2Cl, (2 mL). MeOTf (1.0 equiv) was added dropwise at room temperature.
The reaction mixture was stirred at room temperature overnight. Part of the solvent was removed. Ethyl
ether was added to the mixture until a large amount of oil was precipitated. The oil was washed with
ethyl ether three times to afford product 2h (880 mg, 91% yield) as a brown oil. *H NMR (400 MHz,
CDCls) & 7.37 (s, 3H), 7.34-7.25 (m, 4H), 7.19-7.16 (m, 2H), 4.65 (d, J = 13.2 Hz, 1H), 4.44 (d, J =
14.4 Hz, 1H), 4.36 (s, 2H), 3.76 (t, J = 7.6 Hz, 2H), 3.15 — 3.05 (m, 2H), 2.74 (s, 3H). 1°F NMR (376
MHz, CDCls) 6 -78.5 (s, 3F), -78.9 (d, J = 16.1 Hz, 1F), -79.2 (d, J = 15.0 Hz, 1F). 13C NMR (101
MHz, Chloroform-d) 6 156.1 (t, J = 300.2 Hz), 136.7, 135.7, 129.2, 128.9, 128.6, 128.6, 127.8, 120.4
(t, J = 321.0 Hz), 84.0 (dd, J = 21.0, 19.2 Hz), 54.0, 43.4, 41.0 (d, J = 4.1 Hz), 30.5, 22.4. MS (ESI):
m/z (%) 360 (M-OTf)*. HRMS (ESI): Calcd. for C19H20N3sF2S: 360.1341 (M-OTf)*; Found: 360.1431
(M-OTf)". IR: 3028, 2102, 1724, 1604, 1517.
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5. General Procedures for the S-gem-Difluoroallylation of Cysteine-Containing Peptides 1 and 5

with DFASs 2

£
RN e

SH l® ) F—,)V : :

r Fo s sv\© Na,COj3 (0.5 equiv) s : “H.BrL A |

+ €] ! !

BocHN—  (© —CO,Me F oTf DMF/H,0 (1:1), 1t, 1h ; :
BocHN— @ —CO,Me : ;

DFAS 4
1, 1.0 equiv 2, 1.0 equiv 3

Procedure 1: To a 25 mL of vial equipped with a stirring bar were added peptide 1 (0.2 mmol, 1.0
equiv), DFAS 2 (1.0 equiv), and Na,COs3 (0.5 equiv) under air. DMF (2 mL) and H20 (2 mL) were
added subsequently. After the reaction mixture stirred at room temperature for 1 h, fluorobenzene (2.0
equiv) was added. The yield was determined by °F NMR before working up. The reaction mixture
was then diluted with ethyl acetate and H>O. The resulting mixture was extracted with ethyl acetate,
the combined organic layers were washed with brine, dried over Na>SOg, filtered through a pad of
Celite®, and concentrated. The residue was purified with silica gel chromatography to provide the

desired product 3.

SH

r F%Sb DMF/H,0 (1:1) )
+ o r
HoN— @ —CO,H F m Na,COg, rt, 1 h = Ph, CgH4CH,N;

DFAS
5, 1.0 equiv 2, 1.0 equiv

Procedure 2: To a 25 mL of vial equipped with a stirring bar were added oligopeptide 5 (0.02 mmol,
1.0 equiv), DFAS 2 (0.02 mmol, 1.0 equiv), and Na2COs (1.5 equiv) under air. DMF (1 mL) and H>O
(1 mL) were added subsequently. After the reaction stirred at room temperature for 1 h, the yield was
determined by '°F NMR before working up. The reaction was acidified with 1M HCI to pH 3-4. The
reaction mixture was purified with Spherical C18, 20-45um, 100A directly to provide the desired

product 6.

A

S

_ |
rs sw F 2 TCEP, DMF/H,0 (1:1) r
N GV\© HN— ¢ () )c/ —CoH =H,Ph
oTf J

HN— € () —coH F Na,COs, tt, 1 h

DFAS S

5, 1.0 equiv 2, 2.0 equiv THTF
F

6

Procedure 3: To a 25 mL of vial equipped with a stirring bar were added cyclopeptide 5 (0.02 mmol,
1.0 equiv), TCEP-HCI (0.03 mmol, 1.5 equiv), and Na,COs (3.0 equiv) under air. DMF (1 mL) and

H20 (1 mL) were added subsequently. The reaction stirred at room temperature for 1 h, DFAS 2 (0.04
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mmol, 2.0 equiv) was then added. After the reaction was stirred at room temperature for another 1 h,
the yield was determined by °F NMR before working up. The reaction was acidified with 1M HCI to
pH 3-4. The reaction mixture was purified with Spherical C18, 20-45um, 100 A directly to provide

desired product 6.
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6. Characterization Data for Compounds 3, 4a, and 6.

6.1 Characterization Data of Compounds 3
Ph

% Methyl N-(tert-butoxycarbonyl)-S-(1,1-difluoro-2-phenylallyl)-L-cysteinate (3b).

F 5 Compound 3b (71.5 mg, 92% vyield) as a yellow oil was purified with silica gel
BocHN™ COMe  chromatography (Petroleum ether: Ethyl acetate = 5: 1). 'H NMR (400 MHz,
Chloroform-d) & 7.44 (s, 2H), 7.33 (s, 3H), 5.79 (s, 1H), 5.56 (s, 1H), 5.35 (s, 1H), 4.60 (s, 1H), 3.72
(s, 3H), 3.37 (dd, J = 37.2 Hz, 11.2 Hz, 2H), 1.42 (s, 9H). *°F NMR (376 MHz, Chloroform-d) & -70.68
(d, J=206.8 Hz, 1F), -71.25 (d, J = 202.7 Hz, 1F).3C NMR (101 MHz, Chloroform-d) 5 170.7, 154.9,
143.8 (t, J = 22.7 Hz), 135.3, 128.5, 128.2, 128.1, 127.5 (t, J = 280.5 Hz), 119.6 (t, J = 6.9 Hz), 80.1,
53.0, 52.6, 31.3, 28.2. MS (ESI): m/z (%) 410 (M+Na)*. HRMS (ESI): Calcd. for C1sH230sNF>SNa:

410.1208 (M+Na)*; Found: 410.1208 (M+Na)". IR: 1748, 1717, 1586, 1497, 1414.

OH i Methyl N-((tert-butoxycarbonyl)-L-tyrosyl)-S-(1,1-difluoro-2-phenylallyl)-L-
F—l,/K
S
o}

N”coMe  with silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1).'"H NMR

NHBoc

cysteinate (3c). Compound 3c (97.8 mg, 89% vyield) as a colorless oil was purified

(500 MHz, Chloroform-d) & 7.44-7.42 (m, 2H), 7.37 — 7.30 (m, 3H), 7.12 (s, 1H),
6.98 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 7.0 Hz, 1H), 6.71 (d, J = 8.5 Hz, 2H), 5.79 (s, 1H), 5.57 (s, 1H),
5.17 — 5.03 (m, 1H), 4.80 (s, 1H), 4.38 — 4.26 (m, 1H), 3.70 (s, 3H), 3.36 (dd, J = 14.5, 5.5 Hz, 1H),
3.26 (dd, J = 14.0, 4.5 Hz, 1H), 3.00 (dd, J = 13.5, 6.5 Hz, 1H), 2.90 (dd, J = 10.5, 6.0 Hz, 1H), 1.40
(s, 9H). °F NMR (471 MHz, Chloroform-d) & -70.30 (d, J = 217.0 Hz), -71.13 (d, J = 217.0 Hz). :3C
NMR (126 MHz, Chloroform-d) 6 171.5, 169.9, 155.5, 155.2, 143.6 (t, J = 22.8 Hz), 135.3, 130.3,
128.6, 128.2, 128.2, 127.5 (t, J = 280.1 Hz), 119.9 (t, J = 6.5 Hz), 115.6, 80.5, 55.8, 52.8, 52.0, 37.4,
30.7, 28.2. MS (ESI): m/z (%) 551 (M+H)*. HRMS (ESI): Calcd. for C»7H320sN2F2SNa; 573.1841
(M+Na)*; Found: 573.1837 (M+Na)*. IR: 1748, 1666, 1615, 1596, 1417, 1440.

Pho - Methyl N-((tert-butoxycarbonyl)-L-seryl)-S-(1,1-difluoro-2-phenylallyl)-L-

e

o s cysteinate (3d). Compound 3d (78.3 mg, 83% yield) as a white solid was purified

HBom)kH coMe  with silica gel chromatography (Petroleum ether: Ethyl acetate = 2: 1). *H NMR

(400 MHz, Chloroform-d) 6 7.48 — 7.40 (m, 2H), 7.39 — 7.30 (m, 3H), 5.81 (s,
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1H), 5.58 (s, 1H), 5.52 (d, J = 6.4 Hz, 1H), 4.85 (q, J = 6.8 Hz, 1H), 4.22 (s, 1H), 4.03 (d, J = 9.2 Hz,
1H), 3.75 (s, 3H), 3.65 (s, 1H), 3.44 (dd, J = 14.4, 4.8 Hz, 1H), 3.29 (dd, J = 14.0, 5.6 Hz, 1H), 3.07
(s, 1H), 1.41 (s, 9H). °F NMR (376 MHz, Chloroform-d) & -70.32 (d, J = 203.4 Hz), -71.34 (d, J =
203.8 Hz). °C NMR (101 MHz, Chloroform-d) & 171.2, 170.2, 155.9, 143.7 (t, J = 22.8 Hz), 135.2,
128.6, 128.2, 128.1, 127.5 (t, J = 280.7 Hz), 119.8 (t, J = 7.0 Hz),80.4, 62.7, 55.1, 52.8, 52.1, 30.5,
28.2. MS (ESI): m/z (%) 475 (M+H)*. HRMS (ESI): Calcd. for Ca1Hzs06N2F2SNa: 497.1528 (M+Na)*;
Found: 497.1528 (M+Na)*. IR: 1762, 1692, 1666, 1522, 1498, 1448.

¢ P Methyl N-((tert-butoxycarbonyl)-L-histidyl)-S-(1,1-difluoro-2-phenylallyl)-

HN/:/N o F;s(& L-cysteinate (3e). Compound 3e (63 mg, 60% yield) as a yellow oil was purified
o] N~ co.Me with silica gel chromatography (Dichloromethane: Methanol = 10: 1). *H NMR
(400 MHz, Chloroform-d) & 7.46-7.42 (m, 2H), 7.40 (s, 1H), 7.39 — 7.34 (m, 3H),

6.74 (s, 1H), 5.96 (s, 1H), 5.79 (s, 1H), 5.57 (s, 1H), 4.77 (dd, J = 12.4, 5.6 Hz, 1H), 4.42 (d, J = 5.2
Hz, 1H), 3.73 (s, 3H), 3.36 (dd, J = 14.0, 5.2 Hz, 1H), 3.23 (dd, J = 14.0, 5.6 Hz, 1H), 3.13 (d, J = 14.4
Hz, 1H), 2.98 (dd, J = 14.8, 6.0 Hz, 1H), 1.43 (s, 9H). 1°F NMR (376 MHz, Chloroform-d) & -70.46 (d,
J =206.4 Hz), -71.81 (dd, J = 203.4, 12.8 Hz). *C NMR (126 MHz, Chloroform-d) & 171.8, 170.1,
155.7, 1435 (t, J = 22.4 Hz), 135.5, 135.1, 128.7, 128.3, 127.6 (t, J = 279.7 Hz), 119.8 (t, J = 6.8 Hz),
80.3, 54.1, 52.8, 52.1, 30.5, 28.8, 28.3. MS (ESI): m/z (%) 525 (M+H)*. HRMS (ESI): Calcd. for

C24H3105N4F2S: 525.1978 (M+H)*; Found: 525.1970 (M+H)*. IR: 1685, 1661, 1599, 1516, 1436.

Ph Methyl N-((tert-butoxycarbonyl)-L-tryptophyl)-S-(1,1-difluoro-2-

E/
NH F=

y s phenylallyl)-L-cysteinate (3f). Compound 3f (105.5 mg, 92% vyield) as a

(0]
oot N™ "coMe yellow oil was purified with silica gel chromatography (Dichloromethane:
Methonal = 100: 1). 'H NMR (400 MHz, Chloroform-d) & 8.17 (s, 1H), 7.61 (d,
J = 7.6 Hz, 1H), 7.45-7.38 (m, 2H), 7.37-7.33 (m, 3H), 7.31 (d, J = 8.0 Hz, 1H), 7.18 (t, J = 7.2 Hz,
1H), 7.11 (t, J = 7.2 Hz, 1H), 7.00 (s, 1H), 5.75 (s, 1H), 5.55 (s, 1H), 5.14 (s, 1H), 4.75 (d, J = 4.2 Hz,
1H), 4.48 (d, J = 5.2 Hz, 1H), 3.66 (s, 3H), 3.36-3.25 (M, 2H), 3.25-3.14 (m, 2H), 1.42 (s, 9H). *°F

NMR (376 MHz, Chloroform-d) & -70.45 (d, J = 203.8 Hz), -71.36 (d, J = 203.8 Hz). 3C NMR (126
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MHz, Chloroform-d)  171.6, 169.8, 155.4, 143.5 (t, J = 22.6 Hz), 136.1, 135.3, 128.6, 128.2, 128.2,
127.5 (t, J = 280.1 Hz), 123.2, 122.1, 119.8 (t, J = 6.8 Hz), 119.6, 118.5, 111.2, 110.0, 80.1, 55.2, 52.7,
51.9, 30.7, 28.2, 28.0. MS (ESI): m/z (%) 574 (M+H)*. HRMS (ESI): Calcd. for C2oHa30sN3F2SNa:
596.2001 (M+Na)*; Found: 596.1995 (M+Na)*. IR: 1747, 1670, 1497, 1457, 1437.

Ph Methyl N-((tert-butoxycarbonyl)-L-glutaminyl)-S-(1,1-difluoro-2-

=0

o o s phenylallyl)-L-cysteinate (3g). Compound 3g (73.1 mg, 71% vyield) as a

H2N NHB(E Co.Me yellow oil was purified with silica gel chromatography (Dichloromethane:

Methanol = 10: 1). *H NMR (500 MHz, Chloroform-d) § 7.89 (d, J = 7.5 Hz,
1H), 7.44-7.42 (m, 2H), 7.35-7.32 (m, 3H), 6.46 (s, 1H), 6.05 (s, 1H), 5.80 (s, 1H), 5.67 (d, J = 7.5 Hz,
1H), 5.57 (s, 1H), 4.82 (g, J = 6.0 Hz, 1H), 4.22 (m, 1H), 3.72 (s, 3H), 3.40 (dd, J = 14.0, 5.0 Hz, 1H),
3.26 (dd, J = 14.0, 6.5 Hz, 1H), 2.35-2.29 (m, 2H), 2.20-2.01 (m, 1H), 1.97-1.91 (m, 1H), 1.41 (s, 9H).
19F NMR (471 MHz, Chloroform-d) & -70.82 (d, J = 204.4 Hz), -71.38 (d, J = 204.4 Hz). 3C NMR
(126 MHz, Chloroform-d) 6 175.5, 171.8, 170.6, 155.8, 143.6 (t, J = 22.9 Hz) 135.2, 128.6, 128.2,
128.1,127.6 (t,J=279.5Hz),119.8 (t, J =6.8 Hz), 119.7, 80.0, 53.4, 52.7,52.2, 31.7, 30.4, 29.0, 28.2.
MS (ESI): m/z (%) 516 (M+H)*. HRMS (ESI): Calcd. for C23HaiOsNaF2SNa: 538.1794 (M+Na)*;

Found: 538.1785 (M+Na)®. IR: 1757, 1741, 1663, 1541, 1497, 1439.

£ ™" Methyl  N-(N6-((benzyloxy)carbonyl)-N2-(tert-butoxycarbonyl)-L-

o F-js/K lysyl)-S-(1,1-difluoro-2-phenylallyl)-L-cysteinate (3h). Compound 3h
CbZHN\/\/\j::LCOzMe (122.1 mg, 94% vyield) as a colorless oil was purified with silica gel
chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400

MHz, Chloroform-d) § 7.45-7.41 (m, 2H), 7.38-7.22 (m, 8H), 7.01 (d, J = 6.4 Hz, 1H), 5.78 (s, 1H),
5.55 (s, 1H), 5.21 (d, J = 7.6 Hz, 1H), 5.06 (s, 3H), 4.82 (dd, J = 12.0, 5.2 Hz, 1H), 4.18-4.04 (m, 1H),
3.68 (s, 3H), 3.39 (dd, J = 14.4, 4.8 Hz, 1H), 3.28 (dd, J = 14.0, 5.2 Hz, 1H), 3.19 — 3.12 (m, 2H), 1.89
—1.72 (m, 1H), 1.66-1.55 (m, 1H), 1.54 — 1.27 (m, 13H). °F NMR (376 MHz, Chloroform-d) & -70.23
(d, J = 204.2 Hz), -71.21 (d, J = 203.8 Hz). 3C NMR (101 MHz, Chloroform-d) & 171.9, 170.1, 156.5,

155.5, 136.5, 135.2, 128.5, 128.4, 128.2, 128.1, 128.0, 127.9, 127.5 (t, J = 280.3 Hz), 119.8 (1, J = 6.8
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Hz), 80.0, 66.5, 54.1, 52.7, 51.8, 40.2, 31.7, 30.6, 29.3, 28.2, 22.2. MS (ESI): m/z (%) 650 (M+H)".
HRMS (ESI): Calcd. for Ca2Ha107N3F2SNa: 672.2526 (M+Na)*; Found: 672.2517 (M+Na)*. IR: 1701,
1522, 1456, 1438, 1392.

Ph Methyl (S)-4-((tert-butoxycarbonyl)amino)-5-(((R)-3-((1,1-difluoro-2-

=X

o ° s phenylallyl)thio)-1-methoxy-1-oxopropan-2-yl)amino)-5-oxopentanoate

S NHBOE CoMe  (3i). Compound 3i (93.9 mg, 89% yield) as a colorless oil was purified with

silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H NMR
(400 MHz, Chloroform-d) & 7.47-7.38 (m, 2H), 7.37-7.30 (m, 3H), 7.13 (s, 1H), 7.17-7.04 (m, 1H),
5.80 (s, 1H), 5.57 (s, 1H), 5.38-5.25 (m, 1H), 4.83 (dd, J = 11.6, 5.6 Hz, 1H), 4.25-4.15 (m, 1H), 3.72
(s, 3H), 3.65 (s, 3H), 3.41 (dd, J = 14.4, 4.8 Hz, 1H), 3.29 (dd, J = 14.0, 5.6 Hz, 1H), 2.52-2.34 (m,
2H), 2.25 — 2.06 (m, 1H), 1.96-1.84 (m, 1H), 1.41 (s, 9H). 9F NMR (376 MHz, Chloroform-d) & -
70.32 (d, J = 205.2 Hz), -71.29 (d, J = 203.8 Hz). 13C NMR (101 MHz, Chloroform-d) § 173.7, 171.3,
170.0, 155.5, 143.7 (t, J = 22.7 Hz), 135.2, 128.5, 128.2, 128.1, 127.5 (t, J = 280.6 Hz), 119.8 (t, J =
7.0 Hz), 80.0, 53.6, 52.7, 51.9, 51.7, 30.7, 30.1, 28.2, 27.7. MS (ESI): m/z (%) 531 (M+H)*. HRMS
(ESI): Calcd. for C24H3207N2F2SNa: 553.1790 (M+Na)*; Found: 553.1808 (M+Na)*. IR: 1740, 1521,

1438, 1392.

Ph Tert-butyl (R)-2-(((R)-3-((1,1-difluoro-2-phenylallyl)thio)-1-methoxy-1-

o s oxopropan-2-yl)carbamoyl)pyrrolidine-1-carboxylate (3j). Compound 3j (89
ONjiNLCOZMe mg, 92% vyield) as a colorless oil was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (600 MHz, DMSO-d6) & 8.07 (d,

J=7.2 Hz, 1H), 7.47-7.42 (m, 2H), 7.40-7.35 (m, 3H), 5.80 (s, 1H), 5.70 (s, 1H), 4.57 (td, J = 7.8, 6.0
Hz, 1H), 4.13 (dd, J = 8.4, 3.0 Hz, 1H), 3.65 (s, 3H), 3.40-3.34 (m, 1H), 3.34 — 3.27 (m, 2H), 3.19 (dd,
J =13.8, 7.8 Hz, 1H), 2.16-2.01 (m, 1H), 1.91 — 1.68 (m, 3H), 1.36 (s, 9H). °F NMR (565 MHz,
DMSO-ds) § -70.16. *3C NMR (151 MHz, DMSO-ds) & 173.0, 170.7, 154.1, 143.8 (t, J = 23.2 Hz),
135.4, 129.0, 128.7, 128.6 (t, J = 277.4 Hz), 128.4, 120.5 (t, J = 6.8 Hz), 79.2, 60.3, 52.6, 52.5, 47.0,
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30.9, 30.5, 28.5, 23.6. MS (ESI): m/z (%) 485 (M+H)". HRMS (ESI): Calcd. for C23HsoOsN2F2SNa:
507.1736 (M+Na)*: Found: 507.1727 (M+Na)*. IR: 1748, 1698, 1519, 1479, 1437.

Ph Methyl N-((tert-butoxycarbonyl)-L-methionyl)-S-(1,1-difluoro-2-
s phenylallyl)-L-cysteinate (3k). Compound 3k (97 mg, 94% yield) as a yellow
N "co.Me ojl was purified with silica gel chromatography (Petroleum ether: Ethyl acetate

=3:1). 'H NMR (400 MHz, Chloroform-d) & 7.50 — 7.40 (m, 2H), 7.42 — 7.30

(m, 3H), 7.04 (s, 1H), 5.82 (s, 1H), 5.59 (s, 1H), 4.86 (d, J = 6.8 Hz, 1H), 4.32 (s, 1H), 4.22 (s, 1H),
3.75 (s, 3H), 3.44 (dd, J = 14.0, 4.8 Hz, 1H), 3.33 (dd, J = 14.4, 5.2 Hz, 1H), 2.57 (t, J = 7.2 Hz, 2H),
2.09 (s, 4H), 1.96-1.80 (m, 1H) 1.44 (s, 9H). *F NMR (376 MHz, Chloroform-d) § -70.22 (d, J = 203.8
Hz), -71.18 (d, J = 203.4 Hz). 23C NMR (101 MHz, Chloroform-d) & 171.3, 170.0, 155.3, 143.7 (t, J =
22.6 Hz), 135.2, 128.6, 128.2, 128.2, 127.5 (t, J = 280.8 Hz), 119.8 (t, J = 6.9 Hz), 80.2, 53.3, 52.8,
51.8, 31.4, 30.7, 30.0, 28.2, 15.1. MS (ESI): m/z (%) 519 (M+H)*. HRMS (ESI): Calcd. for
C23H3205N2F2SoNa: 541.1613 (M+Na)*; Found: 541.1608 (M+Na)*. IR: 1748, 1667, 1518, 1438, 1392.

Ph Methyl N-((tert-butoxycarbonyl)-L-valyl)-S-(1,1-difluoro-2-phenylallyl)-L-

Ea

o s cysteinate (31). Compound 3l (84.2 mg, 87% vyield) as a colorless oil was purified

NHBO% coMe with silica gel chromatography (Petroleum ether: Ethyl acetate = 3: 1).!H NMR
(400 MHz, Chloroform-d) 6 7.42 (s, 2H), 7.34 (s, 3H), 6.84 (d, J = 6.4 Hz, 1H),

5.80 (s, 1H), 5.57 (s, 1H), 5.08 (d, J = 8.0 Hz, 1H), 4.85 (q, J = 4.8 Hz, 1H), 4.00 (s, 1H), 3.72 (s, 3H),
3.36 (dd, J = 14.0, 4.4 Hz, 2H), 3.31 (dd, J = 14.1, 4.9 Hz, 1H), 2.24 — 2.06 (m, 1H), 1.42 (s, 9H), 0.95
(d, J=6.4 Hz, 3H), 0.88 (d, J = 6.4 Hz, 3H). °F NMR (376 MHz, Chloroform-d) & -70.33 (d, J = 203.8
Hz), -71.23 (d, J = 204.9 Hz). 3C NMR (101 MHz, Chloroform-d) & 171.4, 170.1, 155.6, 143.7 (t,J =
22.7 Hz), 135.2, 128.5, 128.2, 128.1, 127.5 (t, J = 280.2 Hz), 119.7 (t, J = 7.1 Hz), 79.8, 59.7, 52.7,
51.7, 30.7, 28.2, 19.1, 17.4. MS (ESI): m/z (%) 487 (M+H)*. HRMS (ESI): Calcd. for
C23H3205N2F2SNa: 509.1892 (M+Na)™; Found: 509.1890 (M+Na)*. IR: 1759, 1686, 1655, 1519, 1463,

1410.
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Ph Methyl N-((tert-butoxycarbonyl)-L-phenylalanyl)-S-(1,1-difluoro-2-
s phenylallyl)-L-cysteinate (3m). Compound 3m (92.2 mg, 86% yield) as a white
Phﬁ)kN CoMe golid (m.p. 114.4-115.4 °C) was purified with silica gel chromatography

(Petroleum ether: Ethyl acetate = 3: 1). *H NMR (400 MHz, Chloroform-d) § 7.47
—7.38(m, 2H), 7.36 — 7.28 (m, 3H), 7.27-7.08 (m, 5H), 6.81 (d, J = 7.2 Hz, 1H), 5.78 (s, 1H), 5.56 (s,
1H), 4.96 (s, 1H), 4.80 (d, J = 4.8 Hz, 1H), 4.40 (s, 1H), 3.70 (s, 3H), 3.38 (dd, J = 14.4, 5.2 Hz, 1H),
3.26 (dd, J = 14.0, 4.8 Hz, 1H), 3.10 (dd, J = 14.0, 6.4 Hz, 1H), 3.04-2.85 (m, 1H), 1.38 (s, 9H). *°F
NMR (376 MHz, Chloroform-d) & -70.28 (d, J = 204.2 Hz), -71.26 (d, J = 203.8 Hz). 3C NMR (101
MHz, Chloroform-d) 6 171.1, 169.9, 155.2, 143.7 (t, J = 22.9 Hz), 136.3, 135.2, 129.2, 128.6, 128.6,
128.2, 128.1, 127.5 (t, J = 280.4 Hz), 126.8, 119.7 (t, J = 6.8 Hz), 80.2, 55.5, 52.7, 51.9, 38.1, 30.7,
28.1. MS (ESI): m/z (%) 535 (M+H)*. HRMS (ESI): Calcd. for C27Ha:0sN2F2SNa; 557.1892 (M+Na)*;
Found: 557.1892 (M+Na)*. IR: 1753, 1682, 1655, 1509, 1437.

Ph Methyl N-((tert-butoxycarbonyl)glycyl)-S-(1,1-difluoro-2-phenylallyl)-L-

F
o

o s cysteinate (3n). Compound 3n (81.3 mg, 91% vyield) as a yellow oil was

BocHN NHBOZ Co.Me  purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1).

'H NMR (400 MHz, Chloroform-d) § 7.46 — 7.38 (m, 2H), 7.37 — 7.29 (m, 3H),
7.01 (d, J = 7.2 Hz, 1H), 5.80 (s, 1H), 5.57 (s, 1H), 5.24 (t, J = 4.8 Hz, 1H), 4.88 (dt, J = 7.6, 5.0 Hz,
1H), 3.81 (s, 2H), 3.73 (s, 3H), 3.41 (dd, J = 14.0, 4.8 Hz, 1H), 3.31 (dd, J = 14.4, 5.2 Hz, 1H), 1.43
(s, 9H). 1%F NMR (376 MHz, Chloroform-d) & -70.07 (d, J = 203.8 Hz), -71.22 (d, J = 203.8 Hz). 13C
NMR (101 MHz, Chloroform-d) & 170.1, 169.4, 155.9, 143.7 (t, J = 22.7 Hz), 135.2, 128.6, 128.2,
128.1, 127.5 (t, J = 280.2 Hz), 119.8 (t, J = 7.1 Hz), 52.7, 51.7, 44.1, 30.8, 28.2. MS (ESI): m/z (%)
467 (M+Na)*. HRMS (ESI): Calcd. for CaoH260sN2F2SNa: 467.1423 (M+Na)*; Found: 467.1417

(M+Na)*. IR: 1748, 1682, 1522, 1438, 1413, 1392.
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e N5-((R)-1-((carboxymethyl)amino)-3-((1,1-difluoro-2-

o phenylallyl)thio)-1-oxopropan-2-yl)-L-glutamine (30). Compound 30
(61.2 mg, 62% yield) as a yellow oil was purified with Spherical C18,

20-45um, 100A. *H NMR (400 MHz, DMSO-ds) & 8.73 (t, J = 5.6 Hz,
1H), 8.62 (d, J = 8.4 Hz, 1H), 7.51-7.45 (m, 2H), 7.44-7.35 (m, 3H), 5.82 (s, 1H), 5.76 (s, 1H), 4.53
(td, J = 8.8, 4.8 Hz, 1H), 3.70 (d, J = 5.6 Hz, 2H), 3.36 (t, J = 6.4 Hz, 1H), 3.32 (dd, J = 13.2, 4.4 Hz,
1H), 3.00 (dd, J = 13.2, 10.0 Hz, 1H), 2.50 (t, J = 1.6 Hz, 3H), 2.32 (t, J = 7.2 Hz, 2H), 2.04 — 1.76 (m,
2H). °F NMR (376 MHz, DMSO-de) & -70.37 (d, J = 206.0 Hz), -70.96 (d, J = 206.0 Hz). 3C NMR
(101 MHz, DMSO-ds) & 172.3, 171.4, 171.1, 170.5, 143.3 (t, J = 22.9 Hz), 135.3, 129.1, 128.9, 128.7
(t, J = 277.7 Hz), 128.3, 120.7 (t, J = 7.1 Hz), 53.5, 53.0, 41.8, 31.8, 31.1, 27.1. MS (ESI): m/z (%)
460 (M+H)*. HRMS (ESI): Calcd. for C19H2406N3F2S: 460.1348 (M+H)*; Found: 460.1336 (M+H)*.
IR: 1732, 1659, 1597, 1516, 1446.

o Q § E‘HBOS Methyl N-(tert-butoxycarbonyl)-S-(1,1-difluoro-2,5-
- N ~N
r”b’ m diphenylpentyl)-L-cysteinate (3p). Compound 3p (300 mg, 51% yield)

as a colorless oil was purified with silica gel chromatography

(Dichloromethane: Methanol = 20: 1). *H NMR (400 MHz, Chloroform-
d) § 7.48-7.39 (m, 2H), 7.37-7.28 (m, 3H), 7.19 (t, J = 5.2 Hz, 1H), 6.82 (d, J = 7.2 Hz, 1H), 5.82 (s,
1H), 5.58 (s, 1H), 5.40 (d, J = 7.63 Hz, 1H), 4.87-4.68 (m, 1H), 4.39-4.27 (m, 1H), 4.05 (dd, J = 18.4,
6.0 Hz, 1H), 3.94 (dd, J = 18.0, 5.2 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 3H), 3.26 (d, J = 6.0 Hz, 2H), 2.32
(t, J = 7.2 Hz, 2H), 2.23-2.14 (m, 1H), 1.99 — 1.89 (m, 1H), 1.42 (s, 9H). 1°F NMR (376 MHz,
Chloroform-d) § -71.74 (d, J = 206.0 Hz), -71.33 (d, J = 206.4 Hz). 3C NMR (101 MHz, Chloroform-
d) o 172.8, 172.3, 170.1, 169.9, 155.7, 143.7 (t, J = 22.8 Hz), 135.4, 128.6, 128.2, 127.9 (t, J = 279.8
Hz), 119.9 (t, J = 6.8 Hz), 80.2, 52.7, 52.4, 52.3, 41.2, 32.0, 30.1, 28.4, 28.2. MS (ESI): m/z (%) 588
(M+H)*. HRMS (ESI): Calcd. for C2sHas0sN3F»S: 588.2186 (M+H)*; Found: 588.2189 (M+H)*. IR
(thin film) vmax 1748, 1686, 1639, 1530, 1437.
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ove Methyl N-(tert-butoxycarbonyl)-S-(1,1-difluoro-2-(4-methoxyphenyl)allyl)-L-

cysteinate (3q). Compound 3q (61.1 mg, 73% yield) as a colorless oil was purified

BocHN™ >y with silica gel chromatography (Petroleum ether: Ethyl acetate = 10: 1).'H NMR
(400 MHz, Chloroform-d) & 7.39 (d, J = 8.4 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H), 5.73

(s, 1H), 5.52 (s, 1H), 5.32 (d, J = 7.2 Hz, 1H), 4.62 (d, J = 6.4 Hz, 1H), 3.82 (s, 3H), 3.75 (s, 3H), 3.38
(dd, J = 14.0, 4.4 Hz, 1H), 3.29 (dd, J = 14.0, 4.8 Hz, 1H), 1.44 (s, 9H).°F NMR (376 MHz,
Chloroform-d) § -70.69 (d, J = 204.2 Hz), -71.27 (d, J = 204.2 Hz). *C NMR (101 MHz, Chloroform-
d) & 170.7, 159.9, 154.9, 143.2 (t, J = 22.6 Hz), 129.4, 127.7 (t, J = 277.8 Hz), 118.2 (t, J = 6.9 Hz),
113.6, 80.2, 55.2, 53.0, 52.6, 31.4, 28.2. MS (ESI): m/z (%) 440 (M+Na)*. HRMS (ESI): Calcd. for
C19H2505NF2SNa: 440.1314 (M+Na)*; Found: 440.1309 (M+Na)*. IR: 1748, 1717, 1609, 1574, 1514,

1457.
coet  Ethyl (R)-4-(3-((2-((tert-butoxycarbonyl)amino)-3-methoxy-3-
o oxopropyl)thio)-3,3-difluoroprop-1-en-2-yl)benzoate (3r). Compound 3r (89.4
BooHN 5 mg, 97% yield) as a colorless oil was purified with silica gel chromatography

(Petroleum ether: Ethyl acetate = 5: 1). *H NMR (400 MHz, Chloroform-d) § 8.01
(d, J = 8.4 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 5.88 (s, 1H), 5.65 (s, 1H), 5.34 (d, J = 7.2 Hz, 1H), 4.61
(dd, J = 13.2, 7.6 Hz, 1H), 4.36 (q, J = 7.2 Hz, 2H), 3.73 (s, 3H), 3.39 (dd, J = 14.0, 4.8 Hz, 1H), 3.28
(dd, J = 13.6, 4.8 Hz, 1H), 1.42 (s, 9H), 1.38 (t, J = 7.2 Hz, 3H). 1%F NMR (376 MHz, Chloroform-d)
§ -70.71 (d, J = 204.9 Hz), -71.31 (d, J = 204.9 Hz). 3C NMR (101 MHz, Chloroform-d) & 170.7,
166.1, 154.9, 143.3 (t, J = 23.1 Hz), 139.6, 130.6, 129.5, 128.2, 127.3 (t, J = 280.5 Hz), 120.9 (t, J =
6.6 Hz), 80.3, 61.1, 53.0, 52.7, 31.4, 28.2, 14.3. MS (ESI): m/z (%) 460 (M+H)*. HRMS (ESI): Calcd.
for C21H2706NF2SNa: 482.1419 (M+Na)*; Found: 482.1420 (M+Na)*. IR: 1748, 1717, 1510, 1438,
1393.
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™S Methyl N-(tert-butoxycarbonyl)-S-(1,1-difluoro-2-(4-

| ((trimethylsilyl)ethynyl)phenyl)allyl)-L-cysteinate (3s). Compound 3s (83.1 mg,
CO,Me 86% yield) as a colorless oil was purified with silica gel chromatography
£F (Petroleum ether: Ethyl acetate = 10: 1). *H NMR (400 MHz, Chloroform-d) § 7.43
(d, J = 8.8 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 5.81 (s, 1H), 5.59 (s, 1H), 5.32 (d, J = 7.6 Hz, 1H), 4.60
(d, J = 6.4 Hz, 1H), 3.73 (s, 3H), 3.38 (dd, J = 14.0, 4.4 Hz, 1H), 3.28 (dd, J = 13.6, 4.8 Hz, 1H), 1.43
(s, 9H), 0.24 (s, 9H). °F NMR (376 MHz, Chloroform-d) & -70.57 (d, J = 205.3 Hz), -71.17 (d, J =
204.9 Hz). 3C NMR (101 MHz, Chloroform-d) & 170.6, 154.9, 143.3 (t, J = 22.8 Hz), 135.2, 131.7,
127.9, 127.3 (t, J = 280.4 Hz), 123.4, 119.9 (t, J = 6.8 Hz), 104.4, 95.5, 80.2, 53.0, 52.6, 31.4, 28.2, -
0.1. MS (ESI): m/z (%) 506 (M+Na)*. HRMS (ESI): Calcd. for CasHziOsNF2SSiNa:

506.1603(M+Na)*; Found: 506.1589 (M+Na)". IR: 2158, 1749, 1718, 1506, 1456.

Ns  Methyl S-(2-(4-(azidomethyl)phenyl)-1,1-difluoroallyl)-N-(tert-
butoxycarbonyl)-L-cysteinate (3t). Compound 3t (78.4 mg, 88% vyield) as a
CO,Me
BocHN™ 5 yellow oil was purified with silica gel chromatography (Petroleum ether: Ethyl
FF

acetate = 5: 1). 'H NMR (400 MHz, Chloroform-d) & 7.47 (d, J = 8.0 Hz, 2H), 7.30
(d, J = 8.0 Hz, 2H), 5.83 (s, 1H), 5.60 (s, 1H), 5.34 (d, J = 6.8 Hz, 1H), 4.72 — 4.52 (m, 1H), 4.35 (s,
2H), 3.74 (s, 3H), 3.40 (dd, J = 14.0, 4.4 Hz, 1H), 3.30 (dd, J = 13.6, 4.4 Hz, 1H), 1.43 (s, 9H).2°F
NMR (376 MHz, Chloroform-ds) & -70.79 (d, J = 204.5 Hz), -71.38 (d, J = 204.5 Hz). 3C NMR (101
MHz, Chloroform-d) 6 170.7, 154.9, 143.3 (t, J = 23.02 Hz), 135.9, 135.3, 128.6, 128.0, 127.4 (t, J =
280.0 Hz), 120.0 (t, J = 6.8 Hz), 80.2, 54.3, 53.0, 52.6, 31.4, 28.2. MS (ESI): m/z (%) 465 (M+Na)*.
HRMS (ESI): Calcd. for C19H2404N4F2SNa: 465.1378 (M+Na)*; Found: 465.1379 (M+Na)*. IR: 2100,
1747,1713, 1512, 1438.

CO,Me Methyl N-(tert-butoxycarbonyl)-S-(1,1-difluoroallyl)-L-cysteinate (3a).
BocHN/V\/S 7N

FF Compound 3a (58.3 mg, 94% vyield) as a colorless oil was purified with silica gel

chromatography (Petroleum ether: Ethyl acetate = 5: 1)."H NMR (400 MHz, Chloroform-d) & 6.08-

5.90 (m, 1H), 5.71 (d, J = 17.2 Hz, 1H), 5.49 (d, J = 10.8 Hz, 1H), 5.35 (d, J = 6.0 Hz, 1H), 4.58 (d, J
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= 4.4 Hz, 1H), 3.75 (s, 3H), 3.32 (dd, J = 14.0, 4.4 Hz, 1H), 3.23 (dd, J = 14.0, 4.8 Hz, 1H), 1.43 (s,
9H). °F NMR (376 MHz, Chloroform-ds) & -72.85 (dd, J = 204.5, 8.6 Hz, 1F), -73.47 (dd, J = 204.2,
8.6 Hz, 1F), -73.73 (d, J = 8.9 Hz). 1*C NMR (101 MHz, Chloroform-d) § 170.7, 154.9, 131.7 (t, J =
26.6 Hz), 126.1 (t, J = 275.9 Hz), 121.4 (t, J = 7.5 Hz), 80.2, 53.0, 52.6, 31.1, 28.2. MS (ESI): m/z (%)
334 (M+Na)*. HRMS (ESI): Calcd. for Ci2H190sNFSNa: 334.0895 (M+Na)*; Found: 334.0883
(M+Na)*. IR: 1748, 1717, 1507, 1438, 1416.

QOZM: B Methyl  S-(2-bromo-1,1-difluoroallyl)-N-(tert-butoxycarbonyl)-L-cysteinate
BocHNT FE (3u). Compound 3u (64.1 mg, 82% yield) as a colorless oil was purified with silica
gel chromatography (Petroleum ether: Ethyl acetate = 5: 1). *H NMR (400 MHz, Chloroform-d) § 6.34
(d, J = 2.4 Hz, 1H), 5.90 (d, J = 2.8 Hz, 1H), 5.35 (d, J = 6.8 Hz, 1H), 4.60 (dd, J = 11.2, 4.4 Hz, 1H),
3.35 (dd, J = 14.0, 4.8 Hz, 1H), 3.26 (dd, J = 14.0, 4.8 Hz, 1H), 1.43 (s, 9H). 1%F NMR (376 MHz,
Chloroform-d) & -72.20 (d, J = 207.2 Hz), -72.78 (d, J = 207.2 Hz).:3C NMR (101 MHz, Chloroform-
d) 5 170.5, 154.9, 125.4 (t, J = 280.4 Hz), 123.7 (t, J = 30.9 Hz), 123.1 (t, J = 5.4 Hz), 80.3, 53.0, 52.7,
31.6, 28.2. MS (ESI): m/z (%) 414 (M+Na)*. HRMS (ESI): Calcd. for C23H300sN2F2SNa: 412.0000

(M+Na)*; Found: 412.0002 (M+Na)*. IR: 1748, 1717, 1625, 1507, 1456.

CO,Me Methyl (E)-N-(tert-butoxycarbonyl)-S-(1,1-difluoronon-2-en-1-yl)-L-

“__S CeH
BocHN™ 25 Lot

FF cysteinate (3v). Compound 3v (53 mg, 67% yield) as a yellow oil was purified
with silica gel chromatography (Petroleum ether: Ethyl acetate = 5: 1), E/Z =14.2:1 determined by '°F
NMR. *H NMR (400 MHz, Chloroform-d) 5 6.28 — 6.11 (m, 1H), 5.74-5.52 (m, 1H), 5.34 (d, J = 6.8
Hz, 1H), 4.59 (s, 1H), 3.75 (s, 3H), 3.32 (dd, J = 13.6, 3.6 Hz, 1H), 3.23 (dd, J = 13.6, 4.0 Hz, 1H),
2.09 (d, J = 5.2 Hz, 2H), 1.58-1.34 (m, 11H), 1.26 (s, 6H), 0.98-0.79 (m, 3H). 1°F NMR (376 MHz,
Chloroform-d) & -69.52 (dd, J = 201.9, 8.3 Hz), -70.15 (dd, J = 200.8, 7.5 Hz). 3C NMR (101 MHz,
Chloroform-d) 5 170.8, 155.0, 139.1 (t, J = 6.9 Hz), 126.4 (t, J = 274.9 Hz), 123.9 (t, J = 25.6 Hz),
53.0, 52.6, 31.6, 31.5, 31.2, 28.7, 28.2, 28.1, 22.5, 14.0. MS (ESI): m/z (%) 418 (M+Na)*. HRMS
(ESI): Calcd. for C1gH3104NF2SNa: 418.1834 (M+Na)*; Found: 418.1834 (M+Na)*. IR: 1749, 1717,
1670, 1506, 1457.
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N5-((R)-1-((carboxymethyl)amino)-3-((1,1-difluoro-2-(4-
methoxyphenyl)allyl)thio)-1-oxopropan-2-yl)-L-glutamine (Bw).

Compound 3w (53 mg, 54% vyield) as a white solid was purified with

Spherical C18, 20-45um, 100A. *H NMR (400 MHz, DMSO-ds) 5 8.81-

OMe

8.68 (M, 1H), 8.56 (d, J = 8.4 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 6.95 (d,
J=8.4Hz, 2H), 5.71 (s, 1H), 5.68 (s, 1H), 4.63 — 4.37 (m, 1H), 3.77 (s, 3H), 3.69 (d, J = 5.6 Hz, 2H),
3.39 - 3.24 (m, 2H), 2.99 (dd, J = 14.4, 11.2 Hz, 1H), 2.39-2.26 (m, 2H), 2.01-1.76 (m, 2H). 1°F NMR
(376 MHz, DMSO-ds) & -70.39 (d, J = 206.4 Hz), -70.97 (d, J = 206.0 Hz). 3C NMR (126 MHz,
DMSO-dg) § 171.9, 171.0, 170.5, 170.2, 159.6, 142.3 (t, J = 23.2 Hz), 129.3, 128.5 (t, J = 276.9 Hz),
127.0, 118.6 (t, J = 4.9 Hz), 113.9, 55.3, 53.1, 52.7, 41.3, 31.5, 30.6, 26.8. MS (ESI): m/z (%) 490
(M+H)*. HRMS (ESI): Calcd. for C20H2607N3F2S: 490.1454 (M+H)*; Found: 490.1438 (M+H)". IR:
3358, 1732, 1655, 1610, 1516, 1448.

N5-((R)-1-((carboxymethyl)amino)-3-((2-(4-

(ethoxycarbonyl)phenyl)-1,1-difluoroallyl)thio)-1-oxopropan-2-yl)-

o NH,
HO N ~__OH
N T
TﬁH)ﬁ'
o) S 0 o)

L-glutamine (3x). Compound 3x (39.3 mg, 74% yield) as a yellow solid

was purified with Spherical C18, 20-45um, 100A. *H NMR (500 MHz,

oooH DMSO-ds)  8.90 (t, J = 6.0 Hz, 1H), 8.59 (d, J = 9.0 Hz, 1H), 8.01 (d, J
= 8.5 Hz, 2H), 7.68 (d, J = 8.0 Hz, 2H), 5.97 (s, 1H), 5.95 (s, 1H), 4.60-4.52 (m, 1H), 4.37 (q, J = 7.0
Hz, 2H), 3.73 (d, J = 6.0 Hz, 2H), 3.40-3.30 (m, 1H), 3.04 (dd, J = 13.5, 10.0 Hz, 1H), 2.40-2.29 (m,
2H), 2.06 — 1.94 (m, 1H), 1.91-1.78 (m, 1H), 1.36 (t, J = 7.0 Hz, 3H). *°F NMR (376 MHz, DMSO-ds)
§-70.39 (d, J = 209.4 Hz), -70.68 (d, J = 207.2 Hz). °C NMR (126 MHz, DMSO-ds) 5 172.3, 171.3,
170.6, 170.5, 165.8, 142.4 (t, J = 23.7 Hz), 139.7, 130.4, 129.7, 128.7, 128.5 (t, J = 277.6 Hz), 122.5
(t, J = 5.4 Hz), 61.4, 53.4, 53.0, 41.6, 31.8, 31.0, 27.1, 14.6. HRMS (ESI): Calcd. for C22H250sNsF2S:

532.1560 (M+H)"; Found: 532.1557 (M+H)". IR: 3371, 1719, 1641, 1463, 1378.
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N5-((R)-3-((2-(4-(azidomethyl)phenyl)-1,1-difluoroallyl)thio)-1-
((carboxymethyl)amino)-1-oxopropan-2-yl)-N2-(tert-
butoxycarbonyl)-L-glutamine (3y). Compound 3y (34.3 mg, 52% yield)

as a yellow solid was purified with Spherical C18, 20-45um, 100A.'H

NMR (400 MHz, DMSO-ds) & 8.42 (t, J = 5.2 Hz, 1H), 8.32 (d, J = 8.4
Hz, 1H), 7.56 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 7.6 Hz, 1H), 5.87 (s, 1H), 5.84
(s, 1H), 4.60 (dd, J = 13.6, 8.0 Hz, 1H), 4.52 (s, 2H), 3.93 (dd, J = 13.2, 8.4 Hz, 1H), 3.78 (t, J = 6.0
Hz, 2H), 3.29 (dd, J = 13.2, 5.2 Hz, 1H), 3.03 (dd, J = 13.2, 9.2 Hz, 1H), 2.25 (t, J = 7.6 Hz, 2H), 2.08
—1.90 (M, 1H), 1.86-1.71 (m, 1H), 1.41 (s, 9H). 9F NMR (376 MHz, DMSO-ds) & -70.38 (d, J = 206.4
Hz), -70.95 (d, J = 207.2 Hz). 3C NMR (101 MHz, DMSO-dg) & 174.4, 172.2, 171.3, 170.4, 156.0,
142.8 (t, J = 23.2 Hz), 136.7, 135.0, 128.8, 128.7, 128.6 (t, J = 278.2 Hz), 121.0 (t, J = 6.6 Hz), 78.5,
53.6, 53.5, 52.4, 41.3, 32.2, 31.2, 28.7, 27.2. MS (ESI): m/z (%) 637 (M+Na)*. HRMS (ESI): Calcd.
for C25H3208NsF2SNa: 637.1863 (M+H)*; Found: 637.1848 (M+H)".

6.2 Characterization Data of Compound 4a
Note: The mixture of compounds 3a and 4a is difficult to separate due to their same polarity. The pure

compound 4a was prepared from the reaction of 1a with BDFP.

CO,M
CO,Me FE KoCOs3, DMF e 2; -
- + N N
BocHN” M Brw BocHN \/\F(
1a BDFP 4a

To a 100 mL round bottom bottle equipped with a magnetic stir bar were added K2COs (2.0 equiv), 1a
(2 mmol, 1.0 equiv), and DMF (10 mL). The resulting reaction mixture was stirred at room temperature
for 12 hours. The reaction mixture was quenched with saturated aqueous NH4ClI solution and diluted
with ethyl acetate. The organic layer was separated. The aqueous layer was extracted with ethyl acetate
twice. The combined organic layers were washed with brine, dried over anhydrous sodium sulfate,
filtered, and concentrated. The residue was purified with silica gel chromatography (Petroleum ether:
Ethyl acetate = 5: 1) to afford product 4a (560 mg, 90% vyield) as a yellow oil.

IH NMR (400 MHz, Chloroform-d) § 5.39 (d, J = 7.2 Hz, 1H), 4.49-4.38 (m, 1H), 4.23 (dt, J = 24.0,
8.0 Hz, 1H), 3.65 (s, 3H), 3.13-2.95 (m, 2H), 2.88 (dd, J = 14.0, 4.4 Hz, 1H), 2.78 (dd, J = 13.6, 5.6
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Hz, 1H), 1.33 (s, 9H). °F NMR (376 MHz, Chloroform-d) & -86.32 (d, J = 39.5 Hz), -89.17 (dd, J =
39.5, 23.7 Hz). 3C NMR (101 MHz, Chloroform-d) 5 171.2, 157.1 (d, J = 290.6 Hz), 154.9, 79.8, 76.2
(dd, J = 24.4,19.0 Hz), 52.9, 52.2, 33.5, 27.9, 24.7 (d, J = 5.8 Hz). MS (ESI): m/z (%) 334 (M+Na)*.
HRMS (ESI): Calcd. for C12H100sNF2SNa: 334.0895 (M+Na)*; Found: 334.0895 (M+Na)". IR: 3367,
1744, 1506, 1438, 1392.

6.3 Characterization Data of Oligopeptides 6

P

¥ HNé

NH,

T

NH
2-((2S,5R,8R,11S)-5-benzyl-8-(((1,1-difluoro-2-phenylallyl)thio)methyl)-11-(3-
guanidinopropyl)-3,6,9,12,15-pentaoxo-1,4,7,10,13-pentaazacyclopentadecan-2-yl)acetic ~ acid
(6a). Compound 6a (13.6 mg, 47% yield) as a white solid was purified with Spherical C18, 20-45um,
100A. H NMR (500 MHz, DMSO-dg) 5 8.79 (d, J = 8.5 Hz, 1H), 8.59 (s, 1H), 8.43 (s, 1H), 8.23 (d,
J=7.0Hz, 2H), 7.84 (d, J = 8.5 Hz, 1H), 7.53 (dd, J = 5.5, 2.5 Hz, 2H), 7.46 — 7.38 (m, 3H), 7.33 —
7.11 (m, 8H), 5.85 (s, 1H), 5.82 (s, 1H), 4.74 — 4.58 (m, 2H), 4.53 (q, J = 7.0 Hz, 1H), 4.30 — 4.21 (m,
1H), 4.17 (g, J = 9.0 Hz, 1H), 3.29 (dd, J = 13.5, 6.0 Hz, 1H), 3.23 — 3.17 (m, 1H), 3.16 — 3.03 (m,
3H), 2.76-2.62 (m, 2H), 2.11 (dd, J = 16.0, 4.0 Hz, 1H), 1.88 — 1.72 (m, 1H), 1.70 — 1.57 (m, 2H),
1.55-1.46 (m, 2H). °F NMR (376 MHz, DMSO-ds) 5 -70.75 (d, J = 204.9 Hz), -70.75 (d, J = 203.0
Hz). 3C NMR (126 MHz, DMSO-ds) § 173.8, 171.7, 171.0, 170.9, 170.2, 168.1, 157.4, 143.0 (t, J =
22.6 Hz), 138.9, 135.1, 129.4, 129.2, 128.9, 128.6 (t, J = 277.8 Hz), 128.5, 128.3, 126.5, 121.0 (t, J =
5.3 Hz), 55.7, 53.4, 51.5, 49.2, 43.4, 41.1, 36.8, 31.3, 27.8, 25.1, 14.0. MS (ESI): m/z (%) 731 (M+H)".
HRMS (ESI): Calcd. for CasHa107NgF2S: 731.2781 (M+H)*: Found: 731.2776 (M+H)".

528



2-((2S,5R,8R,115)-8-(((2-(4-(azidomethyl)phenyl)-1,1-difluoroallyl)thio)methyl)-5-benzyl-11-(3-
guanidinopropyl)-3,6,9,12,15-pentaoxo-1,4,7,10,13-pentaazacyclopentadecan-2-yl)acetic ~ acid
(6b). Compound 6b (20 mg, 51% vyield) as a white solid was purified with Spherical C18, 20-45um,
100A. 'H NMR (500 MHz, DMSO-de) & 8.76 (d, J = 7.5 Hz, 1H), 8.53 (d, J = 9.0 Hz, 1H), 8.36 (d, J
= 7.0 Hz, 1H), 8.16 (d, J = 9.5 Hz, 1H), 8.13 — 8.05 (m, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.54 (d, J = 8.0
Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.26 — 7.10 (m, 7H), 5.84 (s, 1H), 5.83 (s, 1H), 4.71 — 4.55 (m, 2H),
4.49 (s, 3H), 4.30 — 4.21 (m, 1H), 4.14 (dd, J = 16.5, 9.0 Hz, 1H), 3.26 (dd, J = 14.0, 6.0 Hz, 1H), 3.17
—2.97 (m, 4H), 2.73-2.57 (m, 3H), 2.12 (d, J = 16.0 Hz, 1H), 1.81 — 1.70 (m, 1H), 1.67-1.56 (m, 1H),
1.54 — 1.41 (m, 2H). 9F NMR (376 MHz, Chloroform-d) & -65.21 (d, J = 212.4 Hz), -66.09 (d, J =
193.6 Hz). 3C NMR (126 MHz, DMSO-ds) & 173.9, 171.7, 171.0, 170.9, 170.2, 168.2, 157.3, 142.5
(t, J=24.1Hz), 138.8, 136.7, 134.8, 129.4, 128.8, 128.7, 128.5 (t, J = 277.3 Hz), 128.5, 126.5, 121.2
(t, J =5.7 Hz), 55.6, 53.7, 53.6, 53.5, 51.6, 49.2, 43.4, 41.1, 36.9, 31.3, 27.8, 25.1. MS (ESI): m/z (%)
786 (M+H)*. HRMS (ESI): Calcd. for CasH4207N11F2S: 786.2952 (M+H)*; Found: 786.2943 (M+H)".

E
s
S
POERN
N., N
HQN/TJ /Hku I N7 COpH
“OH

S-(1,1-difluoro-2-phenylallyl)-N-glycyl-L-threonyl-L-isoleucylglycyl-L-cysteine (6¢). Compound
6¢ (5.9 mg, 25% vyield, °F NMR yield: 72%) as a white solid was purified with Spherical C18, 20-
45um, 100A. 'H NMR (400 MHz, Methanol-ds) § 7.48-7.42 (m, 2H), 7.40 — 7.26 (m, 3H), 5.80 (s,
1H), 5.63 (s, 1H), 4.68 (dd, J = 6.8, 6.0 Hz, 1H), 4.41 (d, J = 4.4 Hz, 1H), 4.20 (d, J = 7.2 Hz, 1H),
4.17 — 4.10 (m, 1H), 3.98 (d, J = 16.8 Hz, 1H), 3.82 (d, J = 16.8 Hz, 1H), 3.77 (dd, J = 20.4, 16.4 Hz,
2H), 3.42 (dd, J = 14.0, 5.2 Hz, 1H), 3.17 (dd, J = 14.0, 7.6 Hz, 1H), 1.91 — 1.79 (m, 1H), 1.64 — 1.50

(m, 1H), 1.22-1.12 (m, 4H), 0.94 (d, J = 6.8 Hz, 3H), 0.90 (t, J = 7.2 Hz, 3H). 1*F NMR (376 MHz,
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Methanol-ds) & -72.71. 3C NMR (151 MHz, Methanol-ds) § 172.6, 171.5, 171.1, 169.8, 166.3, 144.3
(t, J = 23.7 Hz), 135.4, 128.3, 128.0 (t, J = 277.4 Hz), 127.9, 118.9 (t, J = 6.6 Hz), 67.0, 58.8, 58.3,
52.6, 41.7, 40.2, 36.5, 30.0, 24.6, 18.7, 14.5, 10.1. MS (ESI): m/z (%) 602 (M+H) *. HRMS (ESI):
Calcd. for C26H3s07NsF2S: 602.2455 (M+H)*; Found: 602.2449 (M+H)",

N-L-Tryptophyl-L-threonyl-L-prolyl-L-tyrosyl-S-(1,1-difluoro-2-phenylallyl)-L-cysteinylglycyl-
L-histidyl-L-asparaginyl-L-lysine (6d). Compound 6d (9.9 mg, 39% vyield) as a white solid was
purified with Spherical C18, 20-45um, 100A. *H NMR (400 MHz, Methanol-ds) § 8.71 (s, 1H), 7.52
(d, J = 8.0 Hz, 1H), 7.46 — 7.39 (m, 2H), 7.36-7.27 (m, 5H), 7.16 (s, 1H), 7.08 (t, J = 7.2 Hz, 1H), 7.00
(d, J = 8.4 Hz, 2H), 6.96 (d, J = 7.6 Hz, 1H), 6.68 (d, J = 8.4 Hz, 1H), 5.77 (s, 1H), 5.60 (s, 1H), 4.68
(dd, J =13.2, 6.0 Hz, 2H), 4.60 (d, J = 4.8 Hz, 1H), 4.41 — 4.32 (m, 3H), 4.26 — 4.21 (m, 1H), 4.19 (d,
J=7.2 Hz, 1H), 4.16-4.08 (m, 1H), 3.86 (d, J = 16.4 Hz, 1H), 3.72 (d, J = 16.4 Hz, 1H), 3.66-3.56 (m,
1H), 3.55-3.46 (m, 1H), 3.43 — 3.36 (M, 1H), 3.25—2.98 (m, 6H), 2.88 (t, J = 7.6 Hz, 2H), 2.85 — 2.77
(m, 1H), 2.73 (d, J = 6.0 Hz, 2H), 2.15-2.03 (m, 1H), 1.95 — 1.67 (m, 5H), 1.66-1.55 (m, 2H), 1.49-
1.38 (m, 2H), 1.19 (d, J = 6.4 Hz, 3H). °F NMR (376 MHz, Methanol-ds) § -72.53. 13C NMR (151
MHz, Methanol-ds) 6 173.6, 173.0, 172.5,171.7, 171.2, 170.6, 170.4, 169.2, 168.7, 156.1, 144.2 (t, J
=23.2Hz),136.8,135.4,133.5,129.9, 129.5, 128.3,128.2 (t, ) = 277.5 Hz), 128.0, 127.9, 127.5, 127.2,
124.3, 121.3, 119.1 (t, J = 6.3 Hz), 118.7, 117.7, 117.4, 115.0, 111.3, 106.5, 67.2, 60.6, 56.1, 55.7,
54.3,53.7,52.4, 52.0, 50.5, 48.5, 42.6, 39.1, 36.0, 35.7, 30.5, 29.3, 29.0, 27.2, 26.5, 26.2, 24.3, 22.2,
18.4. MS (ESI): m/z (%) 1255 (M-H)". HRMS (ESI): Calcd. for CsoH73013N14F2S: 1255.5176 (M-H)';
Found: 1255.5197 (M-H)".
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(S)-5-(((S)-6-amino-1-((S)-2-(((5S,8S,11R,14S,17S,20S,23S,26S,29S)-1-amino-23,26-bis(3-amino-
3-oxopropyl)-8,20-dibenzyl-5-carbamoyl-11-(((1,1-difluoro-2-phenylallyl)thio)methyl)-17-((R)-
1-hydroxyethyl)-1-imino-14-isobutyl-31-methyl-7,10,13,16,19,22,25,28-0ctaoxo-
2,6,9,12,15,18,21,24,27-nonaazadotriacontan-29-yl)carbamoyl)pyrrolidin-1-yl)-1-oxohexan-2-
yl)amino)-4-((S)-2-amino-3-(4-hydroxyphenyl)propanamido)-5-oxopentanoic acid (6e).
Compound 6e (20.6 mg, 57% yield) as a white solid was purified with Spherical C18, 20-45um, 100A.
IH NMR (400 MHz, Methanol-ds) § 7.44-7.37 (m, 2H), 7.35 — 7.27 (m, 3H), 7.23 — 7.11 (m, 10H),
7.09 (d, J = 8.4 Hz, 2H), 6.74 (d, J = 8.4 Hz, 2H), 5.75 (s, 1H), 5.59 (s, 1H), 4.60 — 4.44 (m, 4H), 4.44-
4.37 (m, 3H), 4.36-4.26 (M, 3H), 4.25-4.20 (m, 3H), 4.17 — 4.11 (m, 2H), 4.10 — 3.98 (m, 3H), 3.88-
3.78 (m, 1H), 3.74-3.63 (m, 1H), 3.22 — 3.08 (m, 5H), 2.98-2.86 (M, 5H), 2.69 (d, J = 6.8 Hz, 2H),
2.40 (t, J = 8.8 Hz, 2H), 2.33-2.20 (m, 2H), 2.14-2.04 (m, 2H), 1.96 — 1.82 (m, 4H), 1.81 — 1.57 (m,
12H), 1.55-1.43 (m, 2H), 1.29-1.17 (m, 4H), 0.94 (d, J = 5.6 Hz, 6H), 0.88 (t, J = 5.6 Hz, 6H). *°F
NMR (376 MHz, Methanol-ds) & -72.24 (d, J = 207.9 Hz, 1F), -73.25 (d, J = 207.6 Hz, 1F). °C NMR
(151 MHz, Methanol-ds4) 6 176.3, 175.0, 174.9, 174.9, 174.6, 174.1, 173.8, 173.2, 173.2, 173.1, 172.7,
172.1,171.8, 171.4, 171.1, 168.6, 157.2, 156.9, 144.1 (t, J = 22.3 Hz), 137.2, 136.7, 135.4, 130.3,
129.0, 128.8, 128.4, 128.3, 128.2, 128.1 (t, J = 276.0 Hz), 128.0, 127.9, 126.6, 126.4, 124.5, 119.1,
115.5, 66.4, 62.3, 61.3, 57.0, 55.6, 55.2, 54.5, 54.4, 53.9, 53.6, 52.8, 52.6, 51.8, 48.5, 40.5, 39.4, 39.3,
39.1, 36.5, 36.4, 36.3, 35.4, 31.2, 29.9, 29.6, 29.6, 29.1, 28.4, 27.2, 26.7, 24.9, 24.7, 24.5, 24.5, 22.1,
21.9, 20.7, 20.4, 19.0. MS (ESI): m/z (%) 1808 (M-H). HRMS (ESI): Calcd. for CgsH121019N20F>S:

1807.8811 (M-H)"; Found: 1807.8833 (M-H)".
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S-(1,1-Difluoro-2-phenylallyl)-L-cysteinylglycyl-L-lysyl-L-lysylglycyl-L-methionyl-L-
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valylglycylglycyl-L-valyl-L-valine (6f). Compound 6f (9.8 mg, 41% yield) as a white solid was
purified with Spherical C18, 20-45um, 100A. °F NMR (376 MHz, DMSO-ds) & -70.01 (d, J = 203.8
Hz, 1F), -70.26 (d, J = 204.5 Hz, 1F). *H NMR (400 MHz, DMSO-dg) & 8.28-7.99 (m, 5H), 7.93-7.69
(m, 4H), 7.52-7.45 (m, 2H), 7.44-7.36 (m, 3H), 5.87 (s, 1H), 5.82 (s, 1H), 4.48-4.38 (m, 1H), 4.37-
4.27 (m, 2H), 4.25 — 4.02 (m, 7H), 3.90 — 3.61 (m, 7H), 3.51-3.22 (m, 2H), 2.82-2.67 (m, 4H), 2.45-
2.32 (m, 2H), 2.02 (s, 3H), 2.00-1.91 (m, 2H), 1.82-1.73 (m, 1H), 1.71-1.60 (m, 2H), 1.57-1.44 (m,
6H), 1.37-1.26 (m, 2H), 0.92-0.78 (m, 18H). 3C NMR (151 MHz, DMSO-ds) & 173.2, 172.3, 171.9,
171.5, 171.4, 169.3, 169.1, 168.9, 168.2, 167.3, 143.0 (t, J = 22.3 Hz), 135.0, 129.3, 128.9, 128.4,
128.2 (t,J =279.4 Hz), 58.3, 58.2, 57.8, 57.7, 57.5, 57.5, 52.9, 52.7, 52.3, 52.2, 51.8, 42.1, 39.0, 32.5,
32.0,31.7, 31.3, 30.9, 30.0, 29.9, 29.8, 27.0, 22.7, 19.7, 19.6, 19.5, 18.6, 18.6, 18.4, 15.1. MS (ESI):
miz (%) 1184 (M-H). HRMS (ESI): Calcd. for Cs:HgaO12N13F2S2: 11845777 (M-H); Found:
1184.5792 (M-HY".

OxNH
FF 0 j
S/I"")ku iz

OH
(2S)-N1-((2R)-4-amino-1-(((2R)-1-(2-(((S)-1-((2-amino-2-oxoethyl)amino)-4-methyl-1-
oxopentan-2-yl)carbamoyl)pyrrolidin-1-yl)-3-((1,1-difluoro-2-phenylallyl)thio)-1-oxopropan-2-
yl)amino)-1,4-dioxobutan-2-yl)-2-((3S)-2-((S)-2-((S)-2-amino-3-((1,1-difluoro-2-

phenylallyl)thio)propanamido)-3-(4-hydroxyphenyl)propanamido)-3-
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methylpentanamido)pentanediamide (6g). Compound 6g (21.2 mg, 80% yield) as a white solid was
purified with Spherical C18, 20-45um, 100A. *H NMR (500 MHz, DMSO-ds) & 8.39 (d, J = 8.0 Hz,
1H), 8.19 (d, J = 7.5 Hz, 1H), 8.15-8.03 (m, 4H), 8.02-8.00 (m, 1H), 7.56 — 7.48 (m, 4H), 7.47-7.40
(m, 6H), 7.39 — 7.36 (m, 1H), 7.34 — 7.21 (m, 4H), 7.13 (s, 2H), 7.00 (d, J = 8.0 Hz, 1H), 6.98 — 6.93
(m, 1H), 6.89 — 6.81 (m, 1H), 6.64 (d, J = 8.5 Hz, 2H), 5.84 (d, J = 8.0 Hz, 2H), 5.79 (d, J = 6.5 Hz,
2H), 4.80 (g, J = 7.5 Hz, 1H), 4.60-4.50 (m, 2H), 4.35 — 4.25 (m, 2H), 4.24-4.17 (m, 2H), 3.70-3.53
(m, 4H), 3.17 (q, J = 7.5 Hz, 1H), 3.10 (dd, J = 12.5, 4.5 Hz, 1H), 2.98 (q, J = 7.0 Hz, 1H), 2.91-2.82
(m, 3H), 2.75-2.72 (m, 1H), 2.46 (g, J = 8.5 Hz, 1H), 2.17 — 2.12 (m, 2H), 2.07-2.00 (m, 1H), 1.95 —
1.84 (m, 5H), 1.83 — 1.70 (m, 3H), 1.68-1.59 (m, 1H), 1.57 — 1.48 (m, 2H), 1.47 — 1.40 (m, 1H), 1.14
—1.02 (m, 1H), 0.90 (d, J = 6.5 Hz, 3H), 0.87 — 0.79 (m, 9H).2°F NMR (376 MHz, DMSO-ds) & -70.48
(m). 3C NMR (126 MHz, DMSO-dg) & 174.4, 172.9, 172.6, 172.1, 171.6, 171.4, 171.3, 171.2, 162.8,
156.2, 143.6 (t, J = 23.3 Hz), 143.3 (t, J = 23.2 Hz), 141.0, 135.4, 135.3, 130.8, 129.1, 129.1, 129.0,
128.9, 128.8 (t, J = 277.3 Hz), 128.7, 128.3, 127.9, 126.6, 120.9 (t, J = 6.7 Hz), 120.5 (t, J = 5.9 Hz),
115.2,60.4, 57.3, 54.8, 53.8, 52.7, 51.9, 51.6, 50.2, 47.2, 42.4, 37 .4, 37.0, 36.3, 35.5, 35.2, 34.5, 32.0,
31.2,29.3,28.4, 24.8 (t, J = 8.3 Hz), 24.6, 23.5, 22.0, 15.8, 11.4. MS (ESI): m/z (%) 1313 (M+H)".
HRMS (ESI): Calcd. for CerHg1012N12F4S2: 1313.5469 (M+H)*; Found: 1313.5477 (M+H)".

}fﬁwgw
Tang, TR

()

OH
(2S)-N1-((2R)-4-amino-1-(((2R)-1-(2-(((S)-1-((2-amino-2-oxoethyl)amino)-4-methyl-1-
oxopentan-2-yl)carbamoyl)pyrrolidin-1-yl)-3-((1,1-difluoroallyl)thio)-1-oxopropan-2-
yl)amino)-1,4-dioxobutan-2-yl)-2-((3S)-2-((S)-2-((S)-2-amino-3-((1,1-
difluoroallyl)thio)propanamido)-3-(4-hydroxyphenyl)propanamido)-3-
methylpentanamido)pentanediamide (6h). Compound 6h (12.8 mg, 55% yield) as a white solid was
purified with Spherical C18, 20-45um, 100A. *H NMR (400 MHz, DMSO-ds) § 9.22 (s, 1H), 8.73 (d,
J = 8.4 Hz, 1H), 8.40-8.28 (m, 3H), 8.18 (d, J = 8.8 Hz, 1H), 8.09 (dd, J = 10.4, 8.0 Hz, 2H), 8.03 (d,
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J=8.0Hz, 1H), 7.95 (t, J = 5.6 Hz, 1H), 7.34 (s, 1H), 7.20 (s, 1H), 7.09 (d, J = 8.8 Hz, 2H), 7.04 (d,
J=8.4Hz, 2H), 6.91 (s, 1H), 6.82 (s, 1H), 6.64 (d, J = 8.4 Hz, 2H), 6.28-6.11 (m, 2H), 5.79 — 5.55 (m,
4H), 4.73 (9, J = 7.6 Hz, 1H), 4.65-4.56 (M, 1H), 4.52 (q, J = 6.8 Hz, 1H), 4.28 — 4.10 (m, 4H), 4.06-
3.96 (m, 1H), 3.63 (dd, J = 16.8, 6.0 Hz, 1H), 3.27 (dd, J = 14.0, 4.8 Hz, 1H), 3.16 — 3.01 (m, 3H),
2.94-2.82 (m, 3H), 2.68 (dd, J = 14.4, 9.6 Hz, 2H), 2.16-1.95 (m, 3H), 1.92-1.66 (M, 7H), 1.65-1.56
(m, 1H), 1.53-1.34 (m, 3H), 1.12-1.00 (m, 1H), 0.88 (d, J = 6.4 Hz, 3H), 0.85-0.72 (M, 9H). °F NMR
(376 MHz, DMSO-ds) & -72.06 (dd, J = 47.0, 9.8 Hz), -72.60 (dd, J = 16.5, 10.2 Hz). *C NMR (126
MHz, DMSO-ds) § 174.5, 172.6, 172.1, 171.6, 171.3, 171.3, 171.3, 170.9, 168.5, 166.8, 156.3, 132.2
(t, J = 26.5 Hz), 131.8 (t, J = 26.1 Hz), 130.6, 127.9, 127.6 (t, J = 272.4 Hz), 127.0 (t, J = 274.2 Hz),
123.2 (t, J = 6.8 Hz), 122.4 (t, J = 7.2 Hz), 115.4, 60.4, 57.3, 54.8, 52.6, 51.9, 51.6, 50.1, 47.2, 42.4,
37.4,37.0,36.9,32.0,29.9, 29.7, 29.4, 28.6, 24.8, 24.6, 23.5, 22.0, 15.8, 11.3. MS (ESI): m/z (%) 1161

(M+H)*. HRMS (ESI): Calcd. for CagH73012N12F4S2: 1161.4843 (M+H)*: Found: 1161.4830 (M+H)".

NH

(3S,99)-3-(((S)-1-((S)-2-(((S)-1-amino-3-((1,1-difluoro-2-phenylallyl)thio)-1-oxopropan-2-
ylhcarbamoyl)pyrrolidin-1-yl)-3-(1H-indol-2-yl)-1-oxopropan-2-yl)carbamoyl)-15,15-difluoro-
9-(4-guanidinobutyl)-5,8,11-trioxo-16-phenyl-14-thia-4,7,10-triazaheptadec-16-enoic acid (6i).
Compound 6i (17.3 mg, 76% yield) as a white solid was purified with Spherical C18, 20-45um, 100A.
19 NMR (376 MHz, DMSO-ds) & -70.64 (m). 'H NMR (400 MHz, DMSO-ds) & 10.81 (s, 1H), 8.38-
8.25 (m, 1H), 8.24-8.12 (m, 2H), 8.06 (dd, J = 8.0, 3.6 Hz, 1H), 7.56 (d, J = 7.6 Hz, 2H), 7.52-7.44 (m,
5H), 7.43-7.33 (m, 10H), 7.27 (s, 1H), 7.22 (s, 1H), 7.06 (t, J = 6.4 Hz, 2H), 6.98 (t, J = 7.6 Hz, 2H),

5.80 (s, 2H), 5.74 (s, 2H), 4.73-4.63 (m, 1H), 4.61-4.52 (m, 1H), 4.46-4.36 (m, 1H), 4.30 — 4.19 (m,
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2H), 3.76-3.72 (m, 1H), 3.34 (dd, J = 12.8, 5.2, 1H), 3.31-3.08 (m, 1H), 3.07 — 2.98 (m, 5H), 2.93 (dd,
J=14.8,9.2 Hz, 1H), 2.68 — 2.54 (m, 4H), 2.43 (dd, J = 17.2, 8.4 Hz, 1H), 2.08 — 1.99 (m, 1H), 1.86-
1.74 (m, 3H), 1.72-1.61 (m, 1H), 1.58-1.39 (m, 3H), 1.37-1.25 (m, 3H). 3C NMR (126 MHz, DMSO-
de) 5176.1, 173.4, 172.1, 171.8, 171.8, 171.1, 170.1, 168.6, 157.9, 143.5 (t, J = 23.2 Hz), 1433 (t, J =
23.2 Hz), 136.5, 135.4, 135.2, 129.1, 129.1, 128.9 (t, J = 275.9 Hz), 128.8, 128.7 (t, J = 277.2 Hz),
128.3,127.7, 124.4,121.3,120.7 (t, = 6.0 Hz), 120.5 (t, J = 6.7 Hz), 118.7, 118.5, 111.8, 110.2, 61.0,
56.5, 53.5, 52.8, 52.4, 49.9, 47.2, 43.7, 28.5, 35.5, 32.1, 30.6, 29.3, 28.0, 27.5, 25.0, 24.8, 23.1. MS
(ESI): m/z (%) 1136 (M-H)". HRMS (ESI): Calcd. for CssHezO9N11F4S: 1136.4115 (M-H)'; Found:
1136.4126 (M-H)".
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7. Synthetic Applications of the gem-Difloroallylated Peptides
7.1 Click Reaction of Oligopeptide 6b with Compounds 7a and 7b

A. Preparation of compounds 7a and 7b:

\N/ \N/
NEts, Toluene, rt
Br™ "NHg'Br +
=0
SO,Cl Br/\/\ﬁ/s\\o
s-7a s-7a-1 s-7a-2

Procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar were added s-7a (2 mmol, 1.0
equiv) and s-7a-1 (1.2 equiv). The tube was evacuated and backfilled with Ar (3 times). EtsN (3.0
equiv) and toluene (10 mL) were added. The resulting reaction mixture was stirred at room temperature
for 12 hours. The reaction mixture was diluted with ethyl acetate and water. The organic layer was
separated. The aqueous layer was extracted with ethyl acetate twice. The combined organic layers were
washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated. The residue was
purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1) to afford the product s-

7a-2 (0.349, 47% vyield) as a green oil. Note: s-7a-2 is prepared according to the literature’.

AN
Br N’ l | KGOy AL
f f /,S
o

O
s-7a-2 s-7a-3 7a
Procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar was added s-7a-3 (0.32 mmol,
1.0 equiv). The tube was evacuated and backfilled with Ar (3 times). s-7a-2 (2.0 equiv) and DMF (5
mL) were added. The resulting reaction mixture was stirred at room temperature for 12 hours. The
reaction mixture was diluted with ethyl acetate and water. The organic layer was separated. The
aqueous layer was extracted with ethyl acetate twice. The combined organic layers were washed with
brine, dried over anhydrous sodium sulfate, filtered and concentrated. The residue was purified with
silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1) to afford the product 7a (0.23 g, 99%

yield) as a yellow oil. 'H NMR (400 MHz, Chloroform-d) § 8.43 (d, J = 8.4 Hz, 1H), 8.24 (d, J = 8.8
36



Hz, 1H), 8.13 (dd, J = 7.2, 1.2 Hz, 1H), 7.54 — 7.36 (m, 4H), 7.34-7.29 (m, 3H), 7.20 — 7.11 (m, 3H),
7.08 (dt, J = 7.6 Hz, 1H), 5.01 (d, J = 14.0 Hz, 1H), 3.94 — 3.72 (m, 2H), 3.55 (d, J = 13.6 Hz, 1H),
2.83-2.74 (M, 8H), 2.67-2.53 (m, 1H), 2.43 — 2.27 (m, 1H), 2.16 (dt, J = 17.2, 5.6 Hz, 1H), 1.83 (dlt, J
=16.8, 5.6 Hz, 1H), 1.67 — 1.37 (m, 2H). *3C NMR (126 MHz, Chloroform-d) & 172.8, 171.7, 151.8,
151.1, 147.8, 135.0, 132.2, 130.2, 129.8, 129.5, 129.2, 129.2, 128.5, 128.2, 128.1, 127.6, 127.0, 125.3,
123.1, 122.9, 122.5, 115.1, 114.8, 107.5, 61.4, 55.4, 45.3, 39.7, 29.6, 29.0, 28.5. MS (ESI): m/z (%)
596 (M+H)*. MS (ESI): m/z (%) 596 (M+H)*. HRMS (ESI): Calcd. for CasHaOsNFsS: 596.2227
(M+H)*; Found: 596.2215 (M+H)*. IR: 2927, 1733, 1660, 1612, 1588.

o)
DIC, DMAP, DMF o
O +
: 0 = N
0 3 o) N/ N
OH HO=Z Yo

s-7a-3 s-7b 7b

Procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar were added s-7a-3 (0.32 mmol,
1.0 equiv), s-7b (1.0 equiv) and DMAP (0.1 equiv). The tube was evacuated and backfilled with Ar (3
times). DIC (1.1 equiv) and DMF (3 mL) were added. The resulting reaction mixture was stirred at
room temperature for 12 hours. The reaction mixture was diluted with ethyl acetate and water. The
organic layer was separated. The aqueous layer was extracted with ethyl acetate twice. The combined
organic layers were washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated.
The residue was purified with Spherical C18, 20-45um, 100A to afford the product 7b (0.16g, 72%
yield) as a yellow solid. *H NMR (400 MHz, DMSO-ds) & 8.54 (s, 1H), 8.01 (d, J = 8.4 Hz, 1H), 7.82
—7.01 (m, 10H), 6.52 (s, 1H), 5.39 (s, 2H), 5.23 (s, 2H), 5.06 (d, J = 14.0 Hz, 1H), 3.64 (d, J = 13.6
Hz, 1H), 2.86-2.56 (m, 2H), 2.09 — 1.72 (m, 3H), 1.22 — 1.06 (m, 2H), 0.92-0.76 (m, 3H). 3C NMR
(101 MHz, Chloroform-d) 6 173.9,171.4,171.3,157.6, 152.3, 151.2, 150.2, 149.6, 148.0, 146.8, 146.2,
132.3,131.1, 130.6, 129.3, 129.0, 128.6, 128.3, 128.3, 127.8, 127.2, 126.0, 125.6, 123.1, 122.8, 118.8,
118.6, 115.0, 107.6, 98.1, 72.8, 66.3, 55.6, 50.0, 31.7, 29.7, 29.5, 24.6, 7.8. MS (ESI): m/z (%) 652
(M+H)*. HRMS (ESI): Calcd. for C3gH3007N3: 652.2078 (M+H)"; Found: 652.2077 (M+H)".

S37



B. Click Reaction between 6b and Compounds 7a and 7b:

)
N DMSO

+ © rt, 0.5 h

FF o
OR2
6 7 8

Procedure: To a 25 mL of vial equipped with a stirring bar were added alkyne compound 7 (0.05
mmol, 1.0 equiv) and peptide 6 (0.05 mmol, 1.0 equiv) under air. DMSO (2 mL) was added
subsequently. After the mixture was stirred at rt for 0.5 h, the corresponding compound was purified

with Spherical C18, 20-45um, 100A directly.

Characterization Data for Compounds 8a and 8b:

(0] Nﬁ_l-{N‘g;
Hozcj;| HN ° y

O%\/HTO(K/VNT@NW
2-((2S,5R,8R,11S)-5-benzyl-8-(((2-(4-((8-(4-(3-((5-(dimethylamino)naphthalene)-1-
sulfonamido)propoxy)-4-oxobutanoyl)-8,9-dihydro-1H-dibenzo[b,f][1,2,3]triazolo[4,5-d]azocin-
1-yl)methyl)phenyl)-1,1-difluoroallyl)thio)methyl)-11-(3-guanidinopropyl)-3,6,9,12,15-
pentaoxo-1,4,7,10,13-pentaazacyclopentadecan-2-yl)acetic acid (8a). Compound 8a (11.8 mg, 85%
yield, as a mixture of two isomers (1:1), determined by °F NMR) as a yellow solid was purified with
Spherical C18, 20-45um, 100A. 'H NMR (600 MHz, DMSO-ds) & 8.63 (t, J = 9.6 Hz, 1H), 8.46 (d, J
= 8.4 Hz, 1H), 8.38 (t, J = 9.0 Hz, 1H), 8.33 (d, J = 9.0 Hz, 1H), 8.21-8.12 (m, 2H), 8.10 (d, J = 6.6,
4.8 Hz, 1H), 7.96-7.89 (m, 1H), 7.69 (d, J = 7.8 Hz, 1H), 7.64 — 7.53 (m, 4H), 7.52-7.44 (m, 4H), 7.35
(d, J = 7.2 Hz, 1H), 7.33 — 7.25 (m, 4H), 7.24 (d, J = 7.2 Hz, 2H), 7.21-7.16 (m, 5H), 7.14-7.09 (m,
1H), 7.01 (d, J = 7.8 Hz, 4H), 5.85-5.62 (m, 2H), 4.66-4.56 (m, 2H), 4.48-4.40 (m, 1H), 4.39 — 4.32
(m, 1H), 4.16 (dd, J = 14.4, 7.2 Hz, 1H), 3.86 (dd, J = 19.2, 6.6 Hz, 2H), 3.39 — 3.17 (m, 9H), 2.87 (t,
J=6.0 Hz, 4H), 2.84 (s, 6H), 2.74-2.65 (m, 2H), 1.84 — 1.67 (m, 2H), 1.62 (g, J = 6.0 Hz, 2H), 1.59 —
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1.51 (m, 2H), 1.26 (s, 2H), 1.18 (t, J = 6.6 Hz, 2H). 2°F NMR (565 MHz, DMSO-ds) & -69.49 (d, J =
207.9 Hz), -69.56 (d, J = 217.0 Hz), -70.04 (d, J = 206.8 Hz), -70.10 (d, J = 210.2 Hz). 2*C NMR (151
MHz, DMSO-dg) § 172.0, 171.3, 171.2, 171.0, 170.6, 170.2, 168.5, 157.7, 152.0, 143.2, 140.6, 138.8,
136.9, 136.5, 136.0, 135.2, 134.8, 134.3, 132.2, 131.6, 131.0, 130.3, 130.0, 129.9, 129.8, 129.8, 129.7,
129.6,129.4,128.8,128.8, 128.7, 128.6, 128.5, 128.4, 128.2, 128.2, 127.7, 127.5, 127.3, 126.4, 123.8,
119.7,115.6, 61.8, 61.7, 5.6, 54.0, 52.1, 51.6, 49.5, 45.5, 43.7, 42.1, 41.3, 37.2, 31.5, 29.3, 29.2, 29.1,
29.1, 27.8, 25.2. MS (ESI): m/z (%) 1381 (M+H)*. HRMS (ESI): Calcd. for CesH75012N14F2S:
1381.5093 (M+H)*: Found: 1381.5073 (M+H)".

0]

NH HN
HO cj/ 4<;o
2 NHo, H
O)\/NWNTNW

o NH
2-((2S,5R,8R,11S)-5-benzyl-8-(((2-(4-((8-(4-((4-ethyl-4-hydroxy-3,14-dioxo-3,4,12,14-
tetrahydro-1H-pyrano[3',4':6,7]indolizino[1,2-b]quinolin-9-yl)oxy)-4-oxobutanoyl)-8,9-
dihydro-1H-dibenzo[b,f][1,2,3]triazolo[4,5-d]azocin-1-yl)methyl)phenyl)-1,1-
difluoroallyl)thio)methyl)-11-(3-guanidinopropyl)-3,6,9,12,15-pentaoxo-1,4,7,10,13-
pentaazacyclopentadecan-2-yl)acetic acid (8b). Compound 8b (20 mg, 56% yield, a mixture of two
isomers (1:1), determined by °F NMR) as a yellow solid was purified with Spherical C18, 20-45um,
100A. 'H NMR (600 MHz, DMSO-ds) & 8.64 — 8.47 (m, 1H), 8.44-8.28 (m, 1H), 8.21 — 8.08 (m, 2H),
8.05-7.82 (m, 1H), 7.77 (d, J = 25.8 Hz, 1H), 7.69 — 7.47 (m, 6H), 7.46-7.26 (m, 7H), 7.25 — 7.07 (m,
7H), 7.04 — 6.90 (m, 2H), 5.88-5.56 (M, 2H), 5.55-5.20 (M, 4H), 4.69 — 4.56 (m, 2H), 4.51-4.42 (m,
1H), 4.31-4.23 (m, 1H), 4.19-4.10 (m, 1H), 3.53-2.97 (m, 14H), 2.79-2.61 (m, 3H), 2.20 (d, J = 18.0
Hz, 1H), 1.98-1.84 (m, 2H), 1.20-1.05 (m, 1H), 0.91 (t, J = 6.6 Hz, 3H). °F NMR (565 MHz, DMSO-
ds) 5 -68.97 —-70.81 (m). 3C NMR (151 MHz, DMSO-dg) 5 172.8, 172.7, 171.3, 171.1, 171.0, 170.3,
157.6, 157.5, 157.2, 150.6, 150.0, 146.5, 145.9, 144.0, 131.7, 131.6, 131.1, 130.2, 129.7, 129.4, 129.4,
128.8, 128.7, 128.5, 128.4, 127.5, 127.3, 126.5, 126.2, 123.6, 119.7, 119.4, 118.7, 109.5, 97.3, 96.4,
72.9,72.9, 65.9, 55.6, 52.2, 50.6, 50.5, 49.5, 49.1, 43.6, 41.3, 41.2, 37.1, 31.4, 29.3, 28.8, 27.7, 25.2,
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8.1. MS (ESI): m/z (%) 1437 (M+H)*. HRMS (ESI): Calcd. for C73H71014N14F2S: 1437.4958 (M+H)*:

Found: 1437.4940 (M+H)*.
7.2 Radical Addition Reactions
(0]

HN&NH O‘N;b

o}
S

Figure S5 Structures of redox esters 9

Note: Redox ester 9a8, 9b°, and 9¢'® were prepared according to the literature.

A. Reaction of 3p with Redox Esters 9:

o H I;lHBoc o o} H l;lHBocc;

/OW/\N NMO\ R o (o} HE (3.0 equi) P W/\”)ﬁz M ~
o " s o o + N:/Z - . o s o o

o DMF, blue LED, 12 h
F=l_ _Ph o = Ph
= F
R

3p (1.0 equiv) 9 (3.0 equiv) 10

o o

tBu-OWO—[Bu
N

H
HE

Procedure: To a 25 mL of Schlenk tube were added Hantzsch ester (0.3 mmol, 3.0 equiv), redox ester

9 (0.3 mmol, 3.0 equiv), and compound 3p (0.1 mmol, 1.0 equiv) under air. The reaction mixture was

then evacuated and backfilled with Ar (3 times). DMF (2 mL) was then added. The reaction mixture

was stirred for 12 h under irradiation of blue LED (12W, 460-465 nm). The reaction mixture was

diluted with ethyl acetate and H2O. The organic layers were washed with brine three times, dried over

Na>SOs, filtered and concentrated. The residue was purified with silica gel chromatography to give

product 10.
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Characterization Data for Compounds 10a-c:

oy NHBoc Methyl  N2-(tert-butoxycarbonyl)-N5-(3-((1,1-difluoro-7-(2-
_0 N)K(N NP
TJ(\H SM oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-2-

phenylheptyl)thio)-1-((2-methoxy-2-oxoethyl)amino)-1-
oxopropan-2-yl)-L-glutaminate (10a). Compound 10a (44 mg,
28% vyield) as a yellow oil was purified with silica gel chromatography (Dichloromethane: Methanol
= 20: 1). 'H NMR (400 MHz, Chloroform-d) & 7.42 (d, J = 20.4 Hz, 1H), 7.33-7.16 (m, 5H), 7.10 (d,
J=7.6 Hz, 1H), 5.89 (d, J = 12.8 Hz, 1H), 5.73 (s, 1H), 5.58 (d, J = 8.8 Hz, 1H), 4.76-4.60 (m, 1H),
4.43 (t, J= 6.4 Hz, 2H), 4.66 (d, J = 7.9 Hz, 1H), 4.32-4.14 (m, 2H), 4.03 — 3.82 (m, 3H), 3.67 (s, 6H),
3.23-3.01 (m, 4H), 2.84 (dd, J = 12.8, 4.8 Hz, 1H), 2.68 (d, J = 12.8 Hz, 1H), 2.26 (t, J = 6.8 Hz, 2H),
2.20 (s, 1H), 2.17-2.03 (m, 1H), 1.99 — 1.89 (m, 2H), 1.85 — 1.70 (m, 1H), 1.64-1.49 (m, 2H), 1.38 (s,
9H), 1.32-1.21 (m, 3H), 1.14-1.03 (m, 1H). °F NMR (376 MHz, Chloroform-d) & -74.85 (ddd, J =
201.5, 129.0, 9.4 Hz), -74.46 (ddd, J = 202.7, 162.0, 17.3 Hz). *3C NMR (126 MHz, Chloroform-d) &
172.9,172.4,170.5,170.1, 163.8, 155.7, 136.4, 131.8 (t, J = 282.9 Hz), 129.4, 128.4, 127.8, 80.0, 62.0,
60.1, 55.6, 54.5, 54.3, 54.2, 52.8, 52.6, 52.6, 52.4, 52.3, 41.1, 40.5, 32.0, 29.1, 29.0, 28.6, 28.5, 28.3,
26.7, 26.6. MS (ESI): m/z (%) 787 (M+H)*. HRMS (ESI): Calcd. for CasHs209NsF2S2: 788.3169
(M+H)*; Found: 788.3176 (M+H)*. IR: 1744, 1701, 1526, 1455, 1392.

2 H NHBoc Methyl N2-(tert-butoxycarbonyl)-N5-(3-(((6R)-1,1-
difluoro-6-((3R,10S,13R)-3-hydroxy-10,13-

dimethylhexadecahydro-1H-

cyclopenta[a]phenanthren-17-yl)-2-phenylheptyl)thio)-
1-((2-methoxy-2-oxoethyl)amino)-1-oxopropan-2-yl)-L-glutaminate (10b). Compound 10b (70 mg
38% yield) as a yellow oil was purified with silica gel chromatography (Dichloromethane: Methanol
=20: 1). *H NMR (400 MHz, Chloroform-d) & 7.45 — 7.06 (m, 6H), 6.83 (s, 1H), 5.45 (d, J = 7.6 Hz,
1H), 4.67 (d, J = 5.6 Hz, 1H), 4.26 (s, 1H), 3.99 (dd, J = 18.0, 5.6 Hz, 1H), 3.92-3.80 (m, 1H), 3.68 (s,
5H), 3.65-3.52 (M, 1H), 3.24-3.00 (M, 4H), 2.26 (t, J = 6.4 Hz, 2H), 2.08 (s, 1H), 1.97-1.56 (m, 9H),
1.56 — 0.88 (m, 32H), 0.87 (s, 3H), 0.73 (t, J = 7.6 Hz, 3H), 0.56 (s, 3H). °F NMR (376 MHz,
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Chloroform-d) § -74.21 (dd, J = 201.2, 9.0 Hz), -74.97 (dd, J = 201.2, 9.8 Hz), -76.51 (dd, J = 201.5,
15.0 Hz), -76.99 (dd, J = 201.2, 15.0 Hz). 3C NMR (101 MHz, Chloroform-d) & 172.8, 172.3, 170.2,
169.9, 136.4, 131.8 (t, J = 286.8 Hz), 129.4, 128.3, 127.8, 80.1, 71.8, 56.4, 56.2, 54.5 (t, J = 22.2 Hz),
53.4,52.7,52.4,52.3, 42.6, 42.0, 40.4, 40.1, 36.3, 35.8, 35.6, 35.4, 35.4, 35.3, 34.5, 31.9, 30.4, 29.6,
29.3,28.9, 28.2, 27.1, 26.4, 24.1, 23.6, 23.5, 23.3, 20.7, 18.5, 18.3. MS (ESI): m/z (%) 920 (M+H)".
HRMS (ESI): Calcd. for CagHz609N3F>S: 920.5265 (M+H)*; Found: 920.5272 (M+H)*. IR: 1747,
1659, 1529, 1454, 1367.

NHBoc Methyl  N2-(tert-butoxycarbonyl)-N5-(3-((1,1-difluoro-6-

/#ﬁNJ\[M

oxo-2-phenyl-7-(((3aS,5aR,8aR,8bS)-2,2,7,7-
@ 74 tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4",5"-

0 d]pyran-3a-yl)oxy)heptyl)thio)-1-((2-methoxy-2-
oxoethyl)amino)-1-oxopropan-2-yl)-L-glutaminate (10c). Compound 10c (87.6 mg, 49% yield) as
a white solid (m.p.91.0-92.2°C) was purified with silica gel chromatography (Dichloromethane:
Methanol = 20: 1). *H NMR (400 MHz, Chloroform-d) § 7.33 — 7.12 (m, 5H), 6.98 (dd, J = 10.8, 5.6
Hz, 1H), 6.56 (t, J = 6.0 Hz, 1H), 5.28 (d, J = 8.0 Hz, 1H), 4.67-4.55 (m, 1H), 4.52 (dd, J = 7.6, 2.0
Hz, 1H), 4.29 (d, J = 11.6 Hz, 1H), 4.26 — 4.10 (m, 1H), 4.19 — 4.13 (m, 2H), 4.02 — 3.78 (m, 4H), 3.69
(s, 1H), 3.66 (s, 6H), 3.25 — 2.99 (m, 3H), 2.35 — 2.14 (m, 4H), 2.14-1.99 (m, 2H), 1.94-1.71 (m, 3H),
1.45 (s, 3H), 1.39 (s, 4H), 1.36 (s, 9H), 1.26 (s, 6H). °F NMR (376 MHz, Chloroform-d) & -74.50 (td,
J =201.5, 10.2 Hz), -76.94 (ddd, J = 202.7, 119.6, 15.8 Hz). 3C NMR (126 MHz, Chloroform-d) &
172.8, 172.3, 172.3, 170.1, 169.9, 155.6, 135.7, 131.6 (t, J = 282.5 Hz), 129.4, 128.5, 128.0, 109.1,
108.7, 101.4, 80.2, 70.7, 70.4, 69.9, 65.2, 65.1, 61.1, 60.4, 54.4 (t, J = 21.8 Hz), 52.6, 52.5, 52.3, 41.1,
33.6, 33.6, 31.9, 28.2, 26.4, 25.8, 25.1, 24.0, 22.3, 22.3, 21.0, 14.1. MS (ESI): m/z (%) 904 (M+H)*.
HRMS (ESI): Calcd. for CaiHeoO15N3F2S: 904.3708 (M+H)*; Found: 904.3707 (M+H)*. IR: 2938,
1745, 1530, 1455, 1382.
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7.3 Cascade Modification of 3y

N ||\1:N 1 N
N=
° 7c N/ R N /R
CuSOy4 9c
Sodium ascorbate Hantzsch ester
-
R/S DMF, H,O DMF, blue-LED
. .S
- R/ S R?
F F - -
FF RO 7
3y 1 F P2
H
H N\fo ° o) 0 ~Q
S L ot Oy
(o) A
H o 0 Q6
6 X
Tc 9c

Procedure: To a 25 mL of vial equipped with a stirring bar were added CuSQO4 (0.05 mmol, 1.0 equiv),
sodium ascorbate (0.05 mmol, 1.0 equiv), alkyne compound 7c (0.05 mmol, 1.0 equiv), gem-
difluoroallylated thiol 3y (0.05 mmol, 1.0 equiv) under air. DMF (2 mL) and H.O (2 mL) were added
subsequently. After the mixture was stirred for 0.5 h, the corresponding compounds was purified with
Spherical C18, 20-45um, 100A to give product 11 (53 mg, 50% vyield) as a colorless solid. Note:
Compound 7c is prepared according to the literature®®,

To a 25 mL of Schlenk tube were added Hantzsch ester (0.3 mmol, 3.0 equiv), redox ester 9c (0.3
mmol, 3.0 equiv), and compounds 11 (0.1 mmol, 1.0 equiv) under air. The reaction mixture was then
evacuated and backfilled with Ar (3 times). DMF (2 mL) was then added. The reaction mixture was
stirred for 12 h under irradiation of blue LED (12W, 460-465 nm). The corresponding compounds was
purified with Spherical C18, 20-45um, 100A to give product 12 (20 mg, 33% yield) as a colorless oil.

Characterization Data for Compounds 11 and 12:

? NHBoc N2-(tert-butoxycarbonyl)-N5-((R)-1-

)ﬁl ((carboxymethyl)amino)-3-((1,1-difluoro-2-(4-((4-(((5-
((3aR,4R,6aS)-2-oxohexahydro-1H-thieno[3,4-

d]imidazol-4-yl)pentanoyl)oxy)methyl)-1H-1,2,3-triazol-

1-yl)methyl)phenyl)allyl)thio)-1-oxopropan-2-yl)-L-

glutamine (11). *H NMR (400 MHz, Methanol-d4) & 8.03 (s,
1H), 7.48 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 5.81 (s, 1H), 5.65 (s, 1H), 5.60 (s, 2H), 5.16 (s,
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2H), 4.75 — 4.64 (m, 1H), 4.45 (dd, J = 7.6, 4.4 Hz, 1H), 4.24 (dd, J = 8.0, 4.4 Hz, 1H), 4.10 (dd, J =
8.8, 4.8 Hz, 1H), 3.89 (s, 2H), 3.37 (dd, J = 13.6, 5.2 Hz, 1H), 3.30-3.28 (m, 1H), 3.20 — 2.99 (m, 2H),
2.89 (dd, J = 13.2, 5.2 Hz, 1H), 2.66 (d, J = 12.8 Hz, 1H), 2.43-2.27 (m, 4H), 2.19-2.08 (m, 1H), 1.98-
1.81 (m, 1H), 1.75 — 1.48 (m, 4H), 1.46-1.30 (m, 12H). *°F NMR (376 MHz, Methanol-ds) 5 -72.68.
13C NMR (101 MHz, Methanol-ds) § 174.4, 173.6, 173.5, 171.4, 171.0, 168.1, 164.7, 156.7, 143.5 (t,
J=23.2Hz),143.1,137.1, 135.7, 135.7, 128.6, 128.0 (t, J = 275.5 Hz), 127.7, 124.6, 119.6 (t, J = 6.7
Hz), 117.5, 79.2, 62.0, 60.2, 56.8, 55.5, 53.1, 52.8, 40.6, 39.7, 33.2, 31.7, 30.2, 28.2, 28.0, 27.4, 27.3,
24.4. MS (ESI): m/z (%) 897 (M+H)*. HRMS (ESI): Calcd. for C3gHs1011NgF2S,: 897.3081 (M+H)";
Found: 897.3078 (M+H)".

2 n WHBoc N2-(tert-butoxycarbonyl)-N5-((2R)-1-
HO N ~_OH
T(\N)ﬁ, M
o " s 0 %5 .«0>< ((carboxymethyl)amino)-3-((1,1-difluoro-6-oxo-2-(4-((4-
Fi, Oy
F I ol ° (((5-((3aR,4R,6aS)-2-o0xohexahydro-1H-thieno[3,4-

d]imidazol-4-yl)pentanoyl)oxy)methyl)-1H-1,2,3-triazol-

‘N

1-yl)methyl)phenyl)-6-(((3aR,5aS,8aS,8bR)-2,2,7,7-

N“NLO ST\ H
MH tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4"5"-

HN

d]pyran-3a-yl)methoxy)hexyl)thio)-1-oxopropan-2-yl)-L-
glutamine (12). *H NMR (400 MHz, Methanol-ds) § 8.00 (s, 1H), 7.31 (d, J = 7.6 Hz, 2H), 7.26 (d, J
= 7.6 Hz, 2H), 5.57 (s, 2H), 5.15 (s, 2H), 4.61 — 4.52 (m, 2H), 4.45 (dd, J = 7.2, 4.8 Hz, 1H), 4.29 —
4.18 (m, 4H), 4.11-4.01 (m, 1H), 3.94-3.79 (m, 4H), 3.64-3.54 (m, 1H), 3.29-3.23 (m, 3H), 3.19 — 3.08
(m, 1H), 3.01-2.91 (m, 1H), 2.87 (dd, J = 12.8, 4.8 Hz, 1H), 2.66 (d, J = 12.4 Hz, 1H), 2.40-2.20 (m,
6H), 2.16 — 1.96 (M, 2H), 1.95-1.78 (m, 2H), 1.72 — 1.48 (m, 4H), 1.45 (s, 3H), 1.41 (s, 10H), 1.37 (s,
4H), 1.29 (s, 3H), 1.25 (d, J = 8.8 Hz, 4H). 1°F NMR (376 MHz, Methanol-ds) & -76.48 (dd, J = 53.3,
11.2 Hz), -76.76 (ddd, J = 204.9, 53.8, 11.6 Hz), -78.43 (ddd, J = 203.8, 36.8, 14.7 Hz). 3C NMR
(126 MHz, Methanol-ds) 6 174.6, 173.7,173.5,172.6, 171.9, 171.0, 164.7, 156.7, 143.1, 136.6, 135.1,
131.7 (t, J = 281.7 Hz), 131.0, 130.1, 128.5, 127.8, 124.6, 108.8, 108.6, 101.4, 79.2, 70.8, 70.4, 70.0,
64.6, 61.9, 60.9, 60.2, 56.8, 55.5, 53.2, 48.5, 39.7, 33.2, 33.2, 33.1, 31.8, 28.9, 28.3, 28.2, 28.0, 27.4,
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25.3, 24.9, 24.4, 24.3, 24.3, 22.9, 22.2, 22.1. MS (ESI): m/z (%) 1211 (M-H)". HRMS (ESI): Calcd.

for CsaH73018NsF2S2: 1211.4458 (M-H); Found: 1211.4464 (M-H)".

8. References

10.

11.

X.-T.Feng, J. -X. Ren, X. Gao, Q. Q. Min, X. Zhang, Angew. Chem. Int. Ed. 2022, 61, €202210103.

L. -Z. Qin, X. Yuan, J. Liu, M. -Y. Wu, Q. Sun, X. Duan, X. -P. Zhang, J. -K. Qiu, K. Guo, Green
Chem. 2021, 23, 6598-6603.

S. Verhoog, C. W. Kee, Y. Wang, T. Khotavivattana, T. C. Wilson, V. Kersemans, S. Smart, M.
Tredwell, B. G. Davis, V. Gouverneur, J. Am. Chem. Soc. 2018, 140, 1572-1575.

M. -Q. Zhou, J. -X. Ren, X. -T. Feng, H. -Y. Zhao, X. -P. Fu, Q. -Q. Min, X. Zhang, Chem. Sci.
2024, 15, 2937-2945.

X. Gao, X. -X. Ren, W. Deng, X. Zhang. Chin. J. Chem. 2023, 41, 3521-3527.

C. Xu, R. Cheng, Y. -C. Luo, M. -K. Wang, X. Zhang, Angew. Chem. Int. Ed. 2020, 59, 18741-
18747.

R. Frei, J. Waser, J. Am. Chem. Soc. 2013, 135, 9620-9623.

R. Chowdhury, Z. -Z. Yu, M. -L. Tong, S. V. Kohlhepp, X. Yin, A. Mendoza, J. Am. Chem. Soc.
2020, 142, 20143-20151.

A. Fawcett, J. Pradeilles, Y. -H. Wang, T. Mutsuga, E. L. Myers, V. K. Aggarwal, Science 2017,

357, 283-286.

J. Y. He, G. Chen, B. X. Zhang, Y. Li, J. -R. Chen, W. -J. Xiao, F. Liu, C. -Z. Li, Chem 2020, 6,
1149-11509.

L. Zhang, Y. -X. Zhang, J. -Z. Dong, J. Liu, L. -Y, Zhang, H. -B. Sun, Bioorg. Med. Chem. Lett.

2012, 22, 1036-1039.

545



9.1 Copies of 'H, 1°F, 13C Spectra for DFAS 2d and 2h

9. Copies of 'H, 1°F, 13C Spectra
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Spectra of 2d
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Chemical Formula: C13H15F50352
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Spectra of s-2h-3
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Chemical Formula: C1gH1gF20S

Exact Mass: 320.10

'H NMR (400 MHz, Chloroform-d)
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Spectra of s-2h-4

9lLc
veLe
Wi
§Gl¢C
8¥8'¢C
£98¢C
698'C
188C
[4A°R>
LEG'E
(442>

0Sev—

sl
0L,
YAYAY
GET'L
7R
v6CL
0LeL
0€€L
16€°L
Wyl

N3
Fx /i .S

F

Chemical Formula: C1gH17F2N3S

Exact Mass: 345.11

'H NMR (400 MHz, Chloroform-d)
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Spectra of 2h
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9.2 Copies of *H, 1°F, 13C Spectra for Compounds 3b-p

Spectra of 3b
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Spectra of 3c
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Chemical Formula: CozH3FN20gS

Exact Mass: 550.19

'H NMR (500 MHz, Chloroform-d)
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Spectra of 3d
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Spectra of 3e
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Spectra of 3f
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Chemical Formula: CogHz3FaN305S
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Spectra of 3g
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Exact Mass: 515.19
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Spectra of 3h
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Spectra of 3i
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Chemical Formula: CosgHzoFaN2078

Exact Mass: 530.19

'H NMR (400 MHz, Chloroform-d)
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Spectra of 3j
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Chemical Farmula: Cx3HagFoN205S

Exact Mass: 484.18

'H NMR (600 MHz, DMSO-ds)
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Chemical Formula: Ca3H3pFaN205S
Exact Mass: 484 .18
IF NMR (565 MHz, DMSO-ds)
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Spectra of 3k
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Chemical Formula: CoaHaaFaN2055
Exact Mass: 518.17

5C NMR (101 MHz, Chloroform-d)
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Spectra of 3l

Exact Mass: 486.20

'H NMR (400 MHz, Chloroform-d)
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53C NMR (101 MHz, Chloroform-d)
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Spectra of 3m
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Exact Mass: 534.20

'H NMR (400 MHz, Chloroform-d)
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Spectra of 3n
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Chemical Formula: CogHzgFaN205S

Exact Mass: 444 .15

'H NMR (400 MHz, Chloroform-d)
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Chemical Formula: CogHoaFaN2055
Exact Mass: 444.15

53C NMR (101 MHz, Chloroform-d)
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Spectra of 30
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Chemical Formula: CygHpaFaN30gS

Exact Mass: 4538.13

'H NMR (400 MHz, DMSO-ds)
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Chemical Formula: C1gHz3F2N30gS
Exact Mass: 459.13

3C NMR (101 MHz, DMSO-ds)
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Spectra of 3p
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Exact Mass: 587.21

'H NMR (400 MHz. Chloroform-d)
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9.3 Copies of 'H, 1°F, 13C Spectra for Compounds 3a and 3q-y
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Chemical Formula: C1zH1gFaNO4S
Exact Mass: 311,10

53C NMR (101 MHz, Chloroform-d)
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Chemical Formula: CygHp5F,NO5S

Exact Mass: 417.14

'H NMR (400 MHz. Chloroform-d)
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Chemical Formula: CygHo5F2NO5S
Exact Mass: 417 .14

3C NMR (101 MHz, Chloroform-d)
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Spectra of 3r
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Chemical Formula: CyyHp7FaNOgS

Exact Mass: 459.15

'H NMR (400 MHz, Chloroform-d)
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Chemical Formula: CoqHozFoNOgS
Exact Mass: 459.15
5C NMR (101 MHz, Chloroform-d)
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Spectra of 3s
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Chemical Formula: Ca3HzFaNO4SSI

Exact Mass: 483.17

'H NMR (400 MHz, Chloroform-d)
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Chemical Formula: Ca3HzFoNO4SSI
Exact Mass: 483.17

*F NMR (376 MHz. Chloroform-d)
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Chemical Formula: CoaHz FoNO4SSI
Exact Mass: 483.17

3C NMR (101 MHz, Chloroform-d)
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Chemical Formula: CigH4F2N404S

Exact Mass: 44215

'H NMR (400 MHz, Chloroform-d)
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Chemical Formula: CigHasFaN404S
Exact Mass: 442.15

3C NMR (101 MHz, Chloroform-d)
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Spectra of 3u
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Chemical Formula: Cy3H1gBrFoNO4S
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Exact Mass: 389.01

'H NMR (400 MHz. Chloroform-d)
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Chemical Formula: Cy3H1gBrFoNO4S
Exact Mass: 389.01

71.929
72480
X.72.504

-73.055

¥F NMR (376 MHz, Chloroform-d)

J15 <720 725 7130 735
f1 (ppm)

0 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200

o
<)

)
A
<]

,
o)
o

&
<)
]

3

=)

\

& |

30 20 10 0 -10 -20

f1 (ppm)
= O ONNOONDOND
© @ OO DO D o <t~ oD
Br < Q T MNNOM— OO = Pl 0 O
o <t OUOOMOOOON 0 o~ © N
MeO ~ W AANANNNNNNN o ol oy — ¢
NHBOC T T . Qe Ny g Ny S, e, s al) u’)vl.n (’f\)t\l

Chemical Formula: CyoHgBriFoNO4S
Exact Mass: 389.01

13C NMR (101 MHz, Chloroform-d)
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Spectra of 3v
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Chemical Formula: CygHz1FaNO4S

Exact Mass: 395.19

'H NMR (400 MHz, Chloroform-d)
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Chemical Formula: CigHgiFaNO4S = = A
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Exact Mass: 395.19

¥F NMR (376 MHz. Chloroform-d)
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Chemical Formula: CigHz1FoNO4S
Exact Mass: 395.19

3C NMR (101 MHz, Chloroform-d)
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Spectra of 3w
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Chemical Formula: CopHasF2N307S | A
Exact Mass: 489.14
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Chemical Formula: CopHasFaN307S
Exact Mass: 489.14

C NMR (126 MHz, DMSO-ds)
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Spectra of 3x
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Chemical Formula: CzpH27F2N30gS

Exact Mass: 531.15

'HNMR (500 MHz, DMSO-ds)
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Chemical Formula: CosHorFaN30OgS
Exact Mass: 531.15

F NMR (376 MHz, DMSO-ds)
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Chemical Formula: CopHozFaN30gS
Exact Mass: 531.15

B3C NMR (126 MHz, DMSO-ds)
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Spectra of 3y

Chemical Formula: CosH3FaNgOgS

Exact Mass: 614.20

"H NMR (400 MHz, DMSO-d;)
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Chemical Formula: CosHapFaNgOgS
Exact Mass: 614 .20

C NMR (101 MHz, DMSO-ds)
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9.4 Copies of H, 1°F, 13C Spectra for Compound 4a

Spectra of 4a
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Chemical Formula: CyoHygF2NOLS
Exact Mass: 311.10

'H NMR (400 MHz, Chloroform-d)
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Chemical Formula CyoHgF NO,S
Exact Mass: 311.10

B3C NMR (101 MHz, Chloroform-d)
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Exact Mass: 730.27

'H NMR (500 MHz, DMSO-d;)

hemical Formula
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9.5 Copies of *H, 1°F, 13C Spectra for Compounds 6a-i
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Chemical Formula: C33HaoFaNg07S
Exact Mass: 730.27

5C NMR (126 MHz, DMSO-ds)
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Spectra of 6b
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Chemical Formula: CagHgiFaN1 078

Exact Mass: 785.29

'H NMR (500 MHz, DMSO-ds)
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Spectra of 6¢
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Chemical Formula: CogH37FoN507S

Exact Mass: 601.24

'H NMR (400 MHz. Methanol-dz)
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F NMR (376 MHz, Methanol-d;)
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Chemical Formula: CogH37FoN507S
Exact Mass: 601.24
C NMR (151 MHz, Methanol-d;)
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Spectra of 6d
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Chemical Formula: C59H74F7N40 138

Exact Mass: 1256.52

'H NMR (400 MHz, Methanol-ds)
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Chemical Formula: CagH74F2N14013S
Exact Mass: 1266 52

13C NMR (151 MHz, Methanol-ds)
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Spectra of 6e
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Chemical Formula: CacHiaoFaN2oO1eS

E>act Mass 1734 87

'H NMR (400 MHz, Methanol-d.)
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Chemical Formula: CasHy20F:N20016S

Exact Mass: 1794.87

*F NMR (376 MHz, Methanol-dz)
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Chemical Formula: CgsHy20F2N2001sS

Exacl Mass: 1794 87

B3C NMR (151 MHz, Methanol-d;)
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Spectra of 6f

Chemical Formula: CgaHgsFaN1301282

Exact Mass: 1185.58

'H NMR (400 MHz, DMSO-ds)
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Exact Mass 118559

A
8
Chemical Formula: CapHgsFoNy;05,

B3C NMR (151 MHz, DMSO-ds)
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Spectra of 6g

20801
12801
92801
6801
958°01
68801
20601
1181
188'11
268'11
20170
Wi
62.2]
£7L]
65.2]
§9.72
8r8°Zy
85877

——

7982~

[44 X
18G°€
mom.f/

95571
18L°S

v6.°G1
££8°G1
£68'S

1299

sa.i
15691
686'9

5002

ZEL L
95¢ /1
19221
692 L1
€82/
987 /1
S0€° /7
02€'/7
vLE LA
81/
18€ L
oLy'L]
9Ly L]
0zy' L]
9z’ L]
LEY 2]
LV
::i
6vY L

805/
ARIR
916 /1
025’2

825,

GESL

986/

— o

NH2
T)\m
H

~
[<2]
=
«©

Chemical Formula: CgHagF fN12042S;

Exact Mass: 1312.54

'H NMR (500 MHz, DMSO-ds)
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Chemical Formula: CgiHgnF4N120125;
Exact Mass: 1312.54

*F NMR (376 MHz, DMSO-d;)
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Chemica Formula CgqHggFgN120425;
Exact Mass: 1312.54

13C NMR (126 MHz, DMSO-ds)
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Spectra of 6h

T T

0.0

&
B
O/ - (o)
T o}
< \W
4 D\A/o
w4 o
* £
o ZI =
=0
Iz
o /”0

Chemical Formula: C4gH72F4N12012S2
Exact Mass: 1160.48

'H NMR (400 MHz, DMSO-d)
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Chemical Formula: CagH72F4N 1201282
Exact Mass: 1160.48

5C NMR (126 MHz, DMSO-ds)
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Spectra of 6i
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Exact Mass: 1137.42

'H NMR (400 MHz, D
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Chemical Formula: Cs3Hg3F4N11 0952

Exact Mass: 1137.42
°F NMR (376 MHz, DMSO-d;)
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Chemical Formula: Ca3Hg3F4N11 0gS)

Exact Mass: 1137 42

BC NMR (126 MHz, DMSO-ds)
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9.6 Copies of 'H, 1°F, 13C Spectra for Compounds 7, 8, 10, 11, 12

Spectra of 7a

V6L LT
908'L1
zz8'l

PES'L]
878'L1
£98'L1
€L
T

191
€L
181
5027
86221
NS.N;
BLETY
eeez ¢
o
«mm&
29¢°7

-

0.0

wmm.m

- Feg0
060
Wmm.o
€6°0
Lo

slez]
€8.C
18T
0€5'€~
95°¢/
soref
8LL¢]
£6.°¢
908°¢ ]
2z8°¢
eege]
Bm.ﬂ
2o8'€]
v18°€
ommi
§20'S
LLO'L
060'L
1012
8LE LY
€8¢/
68€ L
665 L
Si\w
612
vl
SEY L [
Loy L]
YSY L
oLy L]
%v.g
161
mﬁ.&
ozL'8
L1
vrL'8
0€T'8
2528
AZS

e ——

0
<
=2
©

Chemical Formula: C34H33N305S

Exact Mass: 595.21
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'H NMR (400 MHz, Chloroform-d)
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Chemical Formula: C34H33N305S

Exact Mass: 595.21

3C NMR (126 MHz. Chloroform-d)
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Spectra of 7b
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Chemical Formula CagHagNaOy
Exact Mass. 651.20

'H NMR (400 MHz, DMSO-ds)
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Chemical Formula CaogHagN; Oy

Exact Mass. 651.20

BC NMR (101 MHz, Chloroform-d)
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Spectra of 8a
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'H NMR (600 MHz, DMSO-ds)
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Spectra of 8b
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'H NMR (600 MHz, DMSO-ds)
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Chemical Formula: C35H51F2N505S;

Exact Mass: 787.31

'H NMR (400 MHz, Chloroform-d)
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Spectra of 10b
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Chemical Formula: CygH75FaN30gS

Exact Mass: 919.52

'H NMR (400 MHz, Chloroform-d)
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Chemical Formula: CygHysFoN30gS

Exact Mass: 919.52

¥F NMR (376 MHz. Chloroform-d)
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Chemical Formula: CygH7z5F2N30g5

Exact Mass: 919.52

5C NMR (101 MHz, Chloroform-d)
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Spectra of 10c
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Chemical Formula: Cyq1HsgFaN30155

Exact Mass: 903 .36

'H NMR (400 MHz, Chloroform-d)
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Exact Mass: 903.36

Chemical Formula CM HsgFoN30155
10

°F NMR (376 MHz, Chloroform-d)
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Spectra of 11
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Chemical Formula: C3gHsgFaNg011 S,

Exact Mass: 896.30

'H NMR (400 MHz, Methanol-ds)
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Chemical Formula: CagHspFaNgO11S2
Exact Mass: 896.30
*F NMR (376 MHz, Methanol-d.)
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BC NMR (101 MHz, Methanol-d;)
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Spectra of 12
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Exact Mass: 121245

Chemical Formula

'H NMR (400 MHz, Methanol-ds)

-0.5

10 05

1.5

20

25

3.0

35

4.0

4.5

5.0
f1 (ppm)

5.5

6.0

65

0 105 100 95 90 85 80 75 7.0

S142



2LL8L
1€2'8/
2,98/
££9'8/-1
L€T'8.
6818/
0€1'8/-
160'8.~
VUL LL
180°L4-
696'9/-]
€76'9/-
0459/
LPS9.-
6279/

CLL8L
L€L'8L-
cL98L
€€9'8/.-
LeT8L-
68)'8.-
0€1'84-
160°8.L-
WLl
180°LL-
696°9/-
€V6°9L-
04592
LvG'9L-
6Cy'9.L-
86€°9/L-

ﬁ
ﬁ

869/~

3

NHBoc

e @
. ()=
O o—4 OVA
2 )
T O

S N

-200

-82
-190

81
180

-80

76 77 -78 79
1 (ppm)
140 150 -160 -170

75
130

-74

-120

-73

-110

90 -100
f1 (ppm)

-80

20 30 -40 -50 60 -70

76 MHz, Methanol-d;)
-10

3

Exact Mass: 1212 45

¥F NMR (
10

Chemical Formula: Cs3H74F2Ng0 1552
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Exact Mass: 1212.45

Chemical Formula: Cs3H74F2Ng01852
3C NMR (126 MHz, Methanol-ds)
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