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1. Materials and Methods

General information: *H NMR and *3C 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 3C NMR; CDs0D at 3.31 ppm
'H NMR, 49.00 ppm *C NMR). **F NMR spectra were recorded on a Bruker AM400, AM500 or AM600
spectrometer (CFClz was used as the external standard, and the low field is positive). Chemical shifts (5)
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, q = quartet, m = multiplet, br = broad. The
NMR yield was determined by °F NMR using fluorobenzene as an internal standard before working up
the reaction. The electrospray ionization mass spectrometry (ESI-MS) and the subsequent tandem mass
spectrometry (ESI-MS/MS) experiments were performed using a Thermo TSQ Quantum AccessTM
triple-quadrupole mass spectrometer (Thermo-Fisher Scientific, Waltham, MA, USA).

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 literaturet. 12 W blue LED strips (GreeThink 12V-5050-
60; 1 m>12.5 mm>4.4 mm) was purchased from Taobao.com.
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2. Preparation of 3,3-Difluoroallyl Sulfonium Salts (DFASSs) 2
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Figure S1. Structures of DFASs 2

Note: DFASs 2a-2h are prepared according to the literature!, and 2a-2e, and 2g-2h are known compounds.

Preparation of DFAS 2f.
Br ZnCILICH by (PPhy),Cl, (5 mol%)
©NS\)\(F . tBuDavePhos (10 mol%) ©/\/
=
Z
F s MeCN/THF, 12 h N
S-1 S-2

Procedure: To a 100 mL Schlenk tube equipped with a magnetic stir bar were added Pd(PPhz).Cl> (5
mol%) and t-BuDavePhos (10 mol%). The tube was evacuated and backfilled with Ar (3 times). Aryl zinc
reagent S-2 (1.5 equiv, in THF), S-1 (5.0 mmol, 1.0 equiv), and MeCN (20.0 mL) were added. The
resulting reaction mixture was stirred at room temperature for 12 hours. The reaction mixture was
quenched with saturated aqueous NH4CI solution. 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 by reverse-phase flash
column chromatography (CHsCN: H20 = 9: 1) to afford S-3 (0.88 g, 46% yield) as a yellow oil. *H NMR
(400 MHz, CDCl3) 6 7.48 (d,J=7.6 Hz, 2 H), 7.38 - 7.29 (m, 4 H), 7.27 - 7.21 (m, 1 H), 7.18 (d,J = 7.2
Hz, 2 H), 3.53 (s, 2 H), 2.88 (t, J = 6.8 Hz, 2 H), 2.74 (t, J = 6.8 Hz, 2 H), 0.27 (s, 9 H). °F NMR (376

MHz, CDCl3) 5 -87.4 (d, J = 33.8 Hz, 1 F), -87.6 (d, J = 33.8 Hz, 1 F). 3C NMR (126 MHz, CDCls) 5
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154.5 (dd, J = 295.5 Hz, 291.1 Hz), 140.2, 132.0, 131.8, 131.5, 128.49, 128.46, 126.4, 122.5, 104.6, 95.0,
90.3 (dd, J = 20.3 Hz, 14.0 Hz), 36.0, 33.1, 29.5, -0.1. MS (DART): m/z (%) 387 (M+H)*. HRMS (DART):
Calcd. for CazHasF2SSi: 387.1409 (M+H)*; Found: 387.1404 (M+H)"*.
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Procedure: To a 100 mL round bottom flask equipped with a magnetic stir bar was added S-3 (2.3 mmol,
1.0 equiv, 0.5 M in DCM). MeOTTf (2.4 mmol, 1.05 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 solid was precipitated. The solid was filtered and washed
with ethyl ether three times to afford 2f (0.77g, 61% yield) as a white solid (m.p. 87-90 °C). *H NMR (400
MHz, CDCl3) § 7.50 (d, J = 8.4 Hz, 2 H), 7.35— 7.24 (m, 5 H), 7.18 (d, J = 7.2 Hz, 2 H), 4.64 (d, J = 14.4
Hz, 1 H), 4.42 (d, J=14.4 Hz, 1 H), 3.76 (t, J = 6.8 Hz, 2 H), 3.14 — 3.02 (m, 2 H), 2.71 (s, 3 H), 0.25 (s,
9 H). *F NMR (376 MHz, CDCl3) § -78.4 (d, J =13.2 Hz, 1 F), -78.5 (s, 3 F), -78.6 (d, J = 13.2 Hz, 1 F).
13C NMR (126 MHz, CDCl3) § 156.2 (t, J = 299.5 Hz), 135.6, 132.9, 129.4, 128.6, 128.01, 127.99 (t, J =
3.3 Hz), 124.3, 119.2 (t, J = 320.5 Hz), 103.7, 96.6, 84.2 (t, J = 20.3 Hz), 43.7, 40.8 (d, J = 4.4 Hz), 30.8,
22.5,-0.2. MS (ESI): m/z (%) 401 (M-OTf)*. HRMS (ESI): Calcd. for C23H27F2SSi: 401.1565 (M-OTf)*;
Found: 401.1560 (M-OTf)".
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3. Optimizations of the Reaction Conditions for the gem-Difluoroallylation of Protected Tyrosine
la with DFAS 2a.
Table S1. Optimization of the Solvents?

> /©/§\(/\/QF solvent O?i\ . OF F\
BocHN”™ ~CO,Me + ort * e BocHN™ "CO,Me BocHN™ ~CO,Me
1a 2a 3a (o-selectivity) 4a (y-selectivity)
3a and 4a
Entry Solvent -
3a/ 4a, yield (%)° a/y

1 DCM nd /
2 DMSO nd /
3 DMF nd /
4 DMSO + Na.COsz (1.0 equiv) 7/11 1:1.6
5 PBS (pH = 7.6, 0.1 M) / DMSO (1:1, v/v) 36/4 9:1
6 Tris (pH = 8.9, 0.1 M) / DMSO (1:1, v/v) 5.5/3.5 1.6:1
7 CBS (pH =8.30, 0.1 M) / DMSO (1:1, viv) 37/-- >20:1
8 CBS (pH =9.40, 0.1 M) / DMSO (1:1, viv) 63/-- >20:1
9 CBS (pH =9.72,0.1 M) / DMSO (1:1, v/v) 71/-- >20:1
10 CBS (pH =10.08, 0.1 M) / DMSO (1:1, v/v) 78/-- >20:1
11 CBS (pH = 11.62, 0.1 M) / DMSO (1:1, v/v) >99 (95)/-- >20:1
12 CBS (pH =11.62, 0.1 M) / DMF (1:1, viv) 95/-- >20:1
13 CBS (pH =11.62, 0.1 M) / DCM (1:1, vIv) 96/-- >20:1
14 CBS (pH =11.62, 0.1 M) / MeCN (1:1, v/v) 94/-- >20:1
15 CBS (pH =11.62, 0.1 M) / acetone (1:1, v/v) 95/-- >20:1
16 CBS (pH =11.62, 0.1 M) / MeOH (1:1, v/v) 61/-- >20:1

#Reaction conditions (unless otherwise specified): 1a (0.2 mmol, 1.0 equiv), 2a (0.2 mmol
37 °C, 1 h. "Determined by 1°F NMR using fluorobenzene as an internal standard; the number given in parentheses is the
isolated yield; nd, not detected.

, 1.0 equiv), solvent (4 mL),
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Table S2. Control Experiments?

Me
é ~F _ CBSDMSO
/©/ \c-:f\Fr 37 °c 1h /(©/ ‘ £©/
BocHN” ~CO,Me BocHN™ “CO,Me 3 BocHN™ “CO,Me
1a 3a'
. Me Me | Cl | Br
e\ e NN : j
R N e S S S & e
OoTf oTf
BDFP DFPA 2a' 29 2h
Entry Conditions 3a, Yield (%)°
1 Standard conditions >99
2 BDFP instead of 2a nd
3 DFPA instead of 2a 25
4 2a' instead of 2a 15°¢
d - in by-
5 2q instead of 2a 25 (formatlonp?gdrngtns))/ uncertain by
6 2h instead of 2a traced

#Reaction conditions (unless otherwise specified): 1a (0.2 mmol, 1.0 equiv), 2a (1.0 equiv), CBS (2 mL), DMSO (4 mL),
37 °C, 1 h. "Determined by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard; nd, not determined. The

yield is for 3a’. “The yield is for the corresponding product.

S6



Table S3. Kinetic Studies of the gem-Difluoroallylation of 1a with 2a.

Me (0]
/L/©/OH SLWF CBS/DMSO /(©/ ,?i\
* /©/ - F 37°C
BocHN CO,Me ot BocHN CO,Me
1a, 1.0 equiv 2a, 1.0 equiv 3a
Entry Reaction time (min) Yield (%)°
1 1 78
2 5 90
3 15 97
4 30 98
5 60 100

#Reaction conditions (unless otherwise specified): 1a (0.2 mmol, 1.0 equiv), 2a (1.0 equiv), CBS (2 mL), DMSO (4 mL),
37 °C. "Determined by °F NMR using fluorobenzene as an internal standard.
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Figure S1. Kinetic Studies of the gem-Difluoroallylation of 1a with 2a.
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Table S4. Kinetic Studies of the Allylation of 1a with 2a’.

OH Me 0>(\
©/§\/\/H CBS/DMSO H H
* _ H 7°
OTf sr°c

BocHN™ “CO,Me BocHN”™ “CO,Me
1a, 1.0 equiv 2a, 1.0 equiv 3a

Entry Reaction time (h) Yield (%)°

1 0.5 12

2 1 15

3 3 16

4 6 14

5 12 17

6 18 18

7 24 15

#Reaction conditions (unless otherwise specified): 1a (0.2 mmol, 1.0 equiv), 2a (1.0 equiv), CBS (2 mL), DMSO (4 mL),
37 °C. "Determined by 'H NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Figure S2. Kinetic Studies of the Allylation of 1a with 2a'.
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4. General Procedures for the gem-Difluoroallylation of Phenols 1 with DFASs 2.

|
CBS/DMSO 0] A
|
= o~ F
1 2a

37 °C 1h
2b-2e 3and5
A 25 mL vial equipped with a stirring bar, was added phenol 1 (0.2 mmol, 1.0 equiv) and DFAS 2 (0.2
mmol, 1.0 equiv) under air. DMSO (4.0 mL) and CBS buffer (2.0 mL) were added subsequently. The vial
was stirred at 37 °C. After stirring for 1 h, the reaction was cooled to room temperature, and fluorobenzene
(1.0 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, and
the combined organic layers were washed with brine, dried over NazSOu, filtered through a pad of Celite®,

and concentrated. The residue was purified with silica gel chromatography to provide the desired product.

5. Characterization Data for gem-Difluoroallylated Compounds 3 and 5.
o Methyl (S)-2-((tert-butoxycarbonyl)amino)-3-(4-((1,1-

NHB
~o oc

difluoroallyl)oxy)phenyl)propanoate (3a). [Known compound?]. Compound 3a
ogi/ (70.3 mg, 95% vyield, o/y > 20:1) as a colorless oil was purified with silica gel
chromatography (Petroleum ether: Ethyl acetate = 8: 1). *H NMR (400 MHz, CDCl3) § 7.15 - 7.07 (m, 4
H), 6.10 — 5.98 (m, 1 H), 5.90 (dm, J = 17.2 Hz, 1 H), 5.58 (d, J = 10.8 Hz, 1 H), 5.01 (d, J = 7.6 Hz, 1
H), 4.62 — 4.53 (m, 1 H), 3.70 (s, 3 H), 3.14 — 2.97 (m, 2 H), 1.41 (s, 9 H). °F NMR (376 MHz, CDCls)
5 -68.8 (d, J = 6.4 Hz, 2 F). 3C NMR (126 MHz, CDCl3) § 172.2, 155.0, 149.3, 133.3, 130.2, 129.3 (t, J
=34.0 Hz), 121.8, 121.7 (t, J = 6.3 Hz), 120.6 (t, J = 260.8 Hz), 80.0, 54.3, 52.2, 37.7, 28.2.

) O O?i\ 2-(4-((1,1-Difluoroallyl)oxy)phenyl)chroman-4-one (3b). Compound 3b (57.2
O mg, 90% yield, o/y > 20:1) as a white solid (m.p. 76-78 <€) was purified with silica

o gel chromatography (Petroleum ether: Ethyl acetate = 6: 1). *H NMR (400 MHz,
CDCl3) 6 7.94 (dd,J=7.6 Hz, 1.2 Hz, 1 H), 7.55 - 7.45 (m, 3 H), 7.28 (d, J = 8.4 Hz, 2 H), 7.10 — 7.03
(m, 2 H), 6.13 - 6.01 (M, 1 H), 5.94 (d, J = 17.2 Hz, 1 H), 5.62 (d, J = 10.4 Hz, 1 H), 5.48 (dd, J = 13.6
Hz, 2.8 Hz, 1 H), 3.08 (dd, J = 16.8 Hz, 13.6 Hz, 1 H), 2.89 (dd, J = 16.8 Hz, 2.8 Hz, 1 H). °F NMR (376
MHz, CDCls) 5 -68.8 (d, J = 6.8 Hz, 2 F). 3C NMR (126 MHz, CDCls) § 191.8, 161.4, 150.5, 136.3,
135.9, 129.2 (t, J = 33.3 Hz), 127.3, 127.1, 122.2, 122.0 (t, J = 6.4 Hz), 121.7, 120.9, 120.7 (t, J = 260.7
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Hz), 118.1, 79.0, 44.6. MS (EI): m/z (%) 316 (M*, 100), 299, 239, 223, 196, 183, 147, 120, 92, 77. HRMS
(El): Calcd. for C1gH1403F2: 316.0906 (M)*; Found: 316.0904 (M)*.

? (8R,9S,13S,14S)-3-((1,1-Difluoroallyl)oxy)-13-methyl-
\5{ Oo@ 6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one
o (3c). Compound 3c (44.1 mg, 64% vyield, o/y > 20:1) as a yellow solid (m.p. 144-
147 <€) was purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 7: 1). *H NMR (400
MHz, CDClz) 6 7.25 (d,J =8.4 Hz, 1 H), 6.98 (d, J = 8.4 Hz, 1 H), 6.94 (s, 1 H), 6.11 — 5.99 (m, 1 H),
5.91 (d, J=17.2 Hz, 1 H), 5.58 (d, J = 10.4 Hz, 1 H), 2.94 — 2.88 (m, 2 H), 2.51 (dd, J = 19.2 Hz, 9.2 Hz,
1H),245-2.37(m,1H),2.32-2.23(m,1H),221-1.93(m,4H),1.69-1.39(m, 6H),0.91 (s, 3 H).
F NMR (376 MHz, CDCls3) § -68.5 (d, J = 6.0 Hz, 2 F). *C NMR (101 MHz, CDCls) § 220.7, 148.1,
137.9, 137.0, 129.5 (t, J = 34.2 Hz), 126.2, 121.9, 121.6 (t, J = 6.6 Hz), 120.6 (t, J = 260.0 Hz), 119.1,
50.4, 47.9, 44.1, 38.0, 35.8, 31.5, 29.4, 26.3, 25.7, 21.5, 13.8. MS (DART): m/z (%) 347 (M+H)*. HRMS
(DART): Calcd. for Ca1H250,F2: 347.1817 (M+H)*; Found: 347.1814 (M+H)*.

Gram-Scale Synthesis of 3c

To a 250 mL vial equipped with a stirring bar were added Estrone 1c (5 mmol, 1.0 equiv) and DFAS 2a
(5.25 mmol, 1.05 equiv) under air. DMSO (100 mL) and CBS buffer (0.1 M, 50 mL) were added
subsequently. The vial was stirred at 37 °C. After stirring for 1 h, the reaction was cooled to room
temperature, and fluorobenzene (1.0 equiv) was added. The yield was determined by °F NMR before
working up. The reaction mixture was then diluted with ethyl acetate and H20. The resulting mixture was
extracted with ethyl acetate, and the combined organic layers were washed with brine, dried over Na>SOa,
filtered through a pad of Celite®, and concentrated. The residue was purified with silica gel

chromatography (Petroleum ether: Ethyl acetate = 10: 1) to provide the desired product 3c (1.25 g, 73%).

o o~ 7-((1,1-Difluoroallyl)oxy)-3-(4-methoxyphenyl)-4H-chromen-4-one  (3d).
. O | O o r Compound 3d (51.7 mg, 75% vyield, a/y > 20:1) as a white solid (m.p. 116-117

© ) was purified with silica gel chromatography (Petroleum ether: Ethyl acetate
=5:1). 'H NMR (400 MHz, CDCl3) 6 8.29 (d, J = 8.8 Hz, 1 H), 7.97 (s, 1 H), 7.50 (d, J = 8.4 Hz, 2 H),
7.33(s,1H),7.25(d, J=8.8Hz,1H),6.97(d,J=84Hz, 2H),6.15-6.03(m,1H), 599 (d, J=17.6

Hz, 1 H), 5.67 (d, J = 10.4 Hz, 1 H), 3.84 (s, 3 H). °F NMR (376 MHz, CDCls) & -69.4 (d, J = 6.0 Hz, 2
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F). 33C NMR (101 MHz, CDCl3) 5 175.6, 159.6, 156.6, 154.1, 152.5, 130.0, 128.6 (t, J = 33.0 Hz), 127.8,
125.0,123.7,122.5 (t, J = 6.5 Hz), 121.7, 120.8 (t, J = 263.3 Hz), 118.7, 113.9, 109.6, 55.3. MS (DART):
m/z (%) 345 (M+H)". HRMS (DART): Calcd. for C19H1504F2: 345.0933 (M+H)*; Found: 345.0929
(M+H)*.

(8R,9S,13S,14S,17R)-3-((1,1-Difluoroallyl)oxy)-17-ethynyl-13-methyl-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-ol
(3e). Compound 3e (56.5 mg, 76% yield, a/y > 20:1) as a white solid (m.p. 90-96

) was purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 12: 1). *H NMR (400
MHz, CDClz) 6 7.27 (d, J = 8.0 Hz, 1 H), 6.99 (d, J = 8.0 Hz, 1 H), 6.94 (s, 1 H), 6.13 — 6.00 (m, 1 H),
593 (d, J=17.2 Hz, 1 H), 5.59 (d, J = 10.8 Hz, 1 H), 2.91 — 2.84 (m, 2 H), 2.65 — 2.61 (m, 1 H), 2.43 —
2.31(m,2H),2.31-2.22 (m, 1 H),2.10-2.00 (m, 2 H), 1.99 — 1.87 (m, 2 H), 1.87 — 1.67 (m, 3 H), 1.59
—1.35 (m, 4 H), 0.90 (s, 3 H). °F NMR (376 MHz, CDCls) & -68.5 (d, J = 6.0 Hz, 2 F). 3C NMR (101
MHz, CDCls) 6 147.9, 138.0, 137.5, 129.5 (t, J = 33.9 Hz), 126.2, 121.9, 121.5 (t, J = 6.5 Hz), 120.6 (t, J
= 262.2 Hz), 119.0, 87.4, 79.8, 74.1, 49.4, 47.0, 43.6, 39.0, 38.9, 32.7, 29.5, 27.0, 26.2, 22.8, 12.6. MS
(DART): m/z (%) 373 (M+H)*. HRMS (DART): Calcd. for C2sH2702F2: 373.1974 (M+H)*; Found:
373.1971 (M+H)".

(R)-6-((1,1-Difluoroallyl)oxy)-2,8-dimethyl-2-((4R,8R)-4,8,12-
trimethyltridecyl)chromane (3f). DCM instead of DMSO was used.

0’3{/ Compound 3f (72.8 mg, 76% yield, o/y > 20:1) as a colorless oil was purified
with silica gel chromatography (Petroleum ether: Ethyl acetate = 100: 1). *H NMR (400 MHz, CDCl3) &
6.82 (s, 1 H), 6.76 (s, 1 H), 6.11 — 5.99 (m, 1 H), 5.90 (d, J = 17.2 Hz, 1 H), 5.56 (d, J = 10.8 Hz, 1 H),
2.81-2.67 (m, 2 H), 2.16 (s, 3 H), 1.86 — 1.70 (m, 2 H), 1.62 — 1.50 (m, 3 H), 1.46 — 1.21 (m, 13 H), 1.19
—1.01 (m, 8 H), 0.91—0.84 (m, 12 H). **F NMR (376 MHz, CDCls) & -68.4 (d, J = 5.3 Hz, 2 F). 3C NMR
(126 MHz, CDCl3) 6 149.7, 141.8, 129.7 (t, J = 34.0 Hz), 127.1, 122.2, 121.3 (t, ) = 6.2 Hz), 120.8, 120.6
(t, J =258.2 Hz), 120.1, 76.1, 40.1, 39.4, 37.44, 37.40, 37.3, 32.8, 32.7, 31.0, 28.0, 24.8, 24.4, 24.2, 22.7,
22.6, 22.4, 20.9, 19.74, 19.65, 16.1. MS (DART): m/z (%) 478 (M)*. HRMS (DART): Calcd. for
CaoH1s02F2: 478.3617 (M)*; Found: 478.3611 (M)*.
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(4R,4aS,7aR,12bS)-3-(cyclopropylmethyl)-9-((1,1-difluoroallyl)oxy)-4a-
hydroxy-2,3,4,4a,5,6-hexahydro-1H-4,12-methanobenzofuro[3,2-
elisoquinolin-7(7aH)-one (3g). Compound 3g (48.1 mg, 58% yield, a/y =8.7:1) as

a yellow oil was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 1: 1). *H NMR (400 MHz, CDCl3) & 6.98 (d, J = 8.4 Hz, 1 H), 6.64 (d, J = 8.4 Hz, 1 H), 6.17 —
6.05 (m, 1 H), 5.90 (dm, J =17.2 Hz, 1 H), 5.56 (d, J = 10.8 Hz, 1 H), 4.69 (s, 1 H), 3.19 (d, J = 6.0 Hz,
1 H), 3.07 (d, J = 18.4 Hz, 1 H), 3.00 (dd, J = 14.4 Hz, 4.4 Hz, 1 H), 2.70 (dd, J = 12.0 Hz, 4.4 Hz, 1 H),
2.60 (dd, J =18.4 Hz, 6.0 Hz, 1 H), 2.47 — 2.37 (m, 4 H), 2.30 (dt, J = 14.4 Hz, 2.8 Hz, 1 H), 2.11 (td, J =
12.0 Hz, 3.6 Hz, 1 H), 1.88 (ddd, J = 13.6 Hz, 4.4 Hz, 2.8 Hz, 1 H), 1.61 (td, J = 14.0 Hz, 3.2 Hz, 1 H),
1.54 (dd, J = 12.8 Hz, 2.4 Hz, 1 H), 0.91 — 0.80 (m, 1 H), 0.58 — 0.52 (m, 2 H), 1.17 — 1.11 (m, 2 H). *°F
NMR (376 MHz, CDCl3) 6 -68.8 (dd, J = 148.5 Hz, 6.8 Hz, 1 F), -69.3 (dd, J = 148.9 Hz, 7.5 Hz, 1 F), -
84.1 (dm, J = 32.7 Hz, 1 F, y-isomer), -85.5 — -85.6 (m, y-isomer). 3C NMR (126 MHz, CDCl3) & 207.6,
148.7, 131.9, 130.5, 130.1, 128.9 (t, J = 33.3 Hz), 124.4, 122.1 (t, J = 6.4 Hz), 121.0 (t, J = 260.9 Hz),
119.2, 90.6, 69.9, 61.8, 59.1, 50.6, 43.3, 36.0, 31.2, 30.7, 22.8, 9.3, 3.9, 3.8. MS (ESI): m/z (%) 418
(M+H)*. HRMS (ESI): Calcd. for C23sH2604NF2: 418.1824 (M+H)*; Found: 418.1824 (M+H)".

on o?(? (3R,4S)-4-(4-((1,1-Difluoroallyl)oxy)phenyl)-1-(4-fluorophenyl)-3-((S)-

. @/K/;g 3-(4-fluorophenyl)-3-hydroxypropyl)azetidin-2-one (3h). Compound 3h

e (70.5 mg, 73% vyield, o/y > 20:1) as a colorless oil was purified with silica

QF gel chromatography (Petroleum ether: Ethyl acetate = 2: 1). *H NMR (400

MHz, CDCl3) 6 7.32 —7.25 (m, 4 H), 7.24 - 7.18 (m, 4 H), 7.00 (d, J = 8.8 Hz, 2 H), 6.94 (t, J = 8.8 Hz,

2 H), 6.11 -5.99 (m, 1 H), 5.93 (d, J = 17.2 Hz, 1 H), 5.61 (d, J = 10.4 Hz, 1 H), 4.73 — 4.68 (m, 1 H),

4.62 (d, J=2.0 Hz, 1 H), 3.12 — 3.03 (m, 1 H), 2.13 (br, 1 H), 2.05 — 1.84 (m, 4 H). °F NMR (376 MHz,

CDCl3) §-68.9 (d, J=6.0 Hz, 2F), -114.9 (m, 1 F), -117.8 (m, 1 F). 3C NMR (101 MHz, CDCl3) § 167.4,

162.1 (d, J=246.9 Hz), 159.0 (d, J = 244.7 Hz), 150.4, 140.0 (d, J = 3.0 Hz), 134.6, 133.6 (d, J = 2.6 Hz),

129.1 (t, J = 33.5 Hz), 127.4 (d, J = 8.2 Hz), 126.9, 122.5, 122.0 (t, J = 6.5 Hz), 120.6 (t, J = 261.5 Hz),

118.4 (d, J = 7.6 Hz), 115.9 (d, J = 22.8 Hz), 115.3 (d, J = 21.5 Hz), 73.0, 60.8, 60.3, 36.5, 25.0. MS

(DART): m/z (%) 486 (M+H)*. HRMS (DART): Calcd. for C27H240sNF4: 486.1687 (M+H)*; Found:
486.1683 (M+H)",

S12



MeQ  ve (3R,4R)-3-(4-((1,1-Difluoroallyl)oxy)-3-methoxybenzyl)-4-(3,4-

dimethoxybenzyl)dihydrofuran-2(3H)-one (3i). Compound 3i (74.7 mg, 83% vyield,
g Ozi\ o/y = 14.3:1) as a white solid (m.p. 115-118 <€) was purified with silica gel
z OMe chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCly)
67.16 (d,J=8.0 Hz, 1 H), 6.76 — 6.72 (m, 2 H), 6.65 (dd, J = 8.0 Hz, 2.0 Hz, 1 H), 6.52 (dd, J = 8.0 Hz,
2.0Hz, 1 H),6.48 (d, J=2.0 Hz, 1 H), 6.12 - 6.00 (m, 1 H), 5.91 (dm, J =17.2 Hz, 1 H), 5.56 (d, J = 10.8
Hz, 1 H), 4.16 (dd, J =9.2 Hz, 7.2 Hz, 1 H), 3.92 - 3.86 (m, 1 H), 3.85 (s, 3 H), 3.82 (s, 3 H), 3.79 (s, 3
H), 3.02 — 2.90 (m, 2 H), 2.66 — 2.44 (m, 4 H). °F NMR (376 MHz, CDCl3) & -68.8 (d, J = 6.8 Hz, 2 F).
13C NMR (126 MHz, CDCls) § 178.4, 152.2, 148.9, 147.7, 137.8, 136.3, 130.2, 129.0 (t, J = 33.9 Hz),
123.5,121.8 (t, J =6.2 Hz), 121.1, 120.8 (t, J = 259.8 Hz), 120.4, 113.4, 111.7, 111.2, 71.1, 55.8, 55.73,
55.66, 46.2, 41.0, 37.9, 34.5. MS (DART): m/z (%) 466 (M+NH.s)". HRMS (DART): Calcd. for

C24H2706F2: 449.1770 (M+H)*; Found: 449.1766 (M+H)".

\\\JF(F 2 (S)-10-((1,1-Difluoroallyl)oxy)-4-ethyl-4-hydroxy-1,12-dihydro-14H-
== N
© Z N\ /o pyrano[3',4":6,7]indolizino[1,2-b]quinoline-3,14(4H)-dione (3j). Compound

HO™=_© 3j (37.0 mg, 42% vield, o/y > 20:1) as a yellow solid (decomposed at 190 €)
was purified with silica gel chromatography (Dichloromethane: Methanol = 25: 1). *H NMR (400 MHz,
DMSO-dg) & 8.67 (s, 1 H), 8.17 (d, J = 9.2 Hz, 1 H), 8.03 — 7.92 (m, 1 H), 7.69 (d, J = 7.6 Hz, 1 H), 7.31
(s, 1 H), 6.54 (s, 1 H), 6.39 —6.20 (m, 1 H), 6.01 (d, J = 17.2 Hz, 1 H), 5.79 (d, J = 10.8 Hz, 1 H), 5.41 (s,
2 H), 5.24 (s, 2 H), 1.93 — 1.79 (m, 2 H), 0.89 (t, J = 7.2 Hz, 3 H). F NMR (376 MHz, DMSO-ds) & -
67.4 (d, J = 5.3 Hz, 2 F). 3C NMR (101 MHz, DMSO-ds) & 172.4, 156.7, 152.6, 150.0, 148.0, 145.7,
145.2,131.3, 130.9, 130.5, 128.7 (t, J = 32.8 Hz), 128.3, 125.4, 123.6 (t, J = 6.4 Hz), 121.1 (t, J = 260.3
Hz), 119.2, 118.7, 96.8, 72.4, 65.3, 50.2, 30.3, 7.8. MS (DART): m/z (%) 441 (M+H)*. HRMS (DART):
Calcd. for C23H190sN2F2: 441.1257 (M+H)*; Found: 441.1254 (M+H)".

o F){/ 4-(3-(4-(2-(4-((1,1-difluoroallyl)oxy)phenyl)acetyl)piperazine-1-

O /EH o 7 carbonyl)-4-fluorobenzyl)phthalazin-1(2H)-one (3k). Compound 3k
O? (95.5 mg, 83% vyield, a/y > 20:1) as a colorless oil was purified with silica
F X gel chromatography (Dichloromethane: Methanol = 15: 1). *H NMR (500

MHz, CDCl3) § 11.6 (d, J = 22.0 Hz, 1 H), 8.47 —8.42 (m, 1 H), 7.77 - 7.71 (m, 2 H), 7.71 — 7.67 (m, 1

H), 7.34 — 7.27 (m, 2 H), 7.23 — 7.19 (m, 2 H), 7.18 — 7.09 (m, 3 H), 7.04 — 6.95 (m, 1 H), 6.07 — 5.96 (m,
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1 H),5.89 (d, J = 17.5 Hz, 1 H), 5.57 (d, J = 11.0 Hz, 1 H), 4.30 — 4.23 (m, 2 H), 3.77 — 3.66 (M, 3 H),
3.62 —3.49 (m, 3 H), 3.40 (m, 1 H), 3.25 (br, 1 H), 3.11 (br, 1 H). 1°F NMR (471 MHz, CDCls) § -68.6 —
-68.7 (M, 2 F), -117.8 (m, 1 F). 13C NMR (126 MHz, CDCls) § 169.4 (d, J = 20.5 Hz), 165.0 (d, J = 25.8
Hz), 160.9, 157.8 (d, J = 6.8 Hz), 155.8 (d, J = 7.1 Hz), 149.1 (d, J = 6.7 Hz), 145.4 (d, J = 4.8 Hz), 134.4,
133.5,131.7,131.7 - 131.5 (m), 131.5, 130.2, 129.5, 129.39, 129.36, 129.2 (d, J = 3.7 Hz), 129.1 — 129.0
(m), 128.8,128.1, 127.0, 124.9, 123.4 (dd, J = 17.9 Hz, 7.3 Hz), 122.1, 121.9, 121.8 (t, J = 6.6 Hz), 120.5
(t, J = 259.9 Hz), 116.0 (dd, J = 21.8 Hz, 12.0 Hz), 46.6 (d, J = 20.9 Hz), 45.8 (d, J = 63.3 Hz), 41.8, 41.5
(d, J=50.3 Hz), 40.7, 40.0 (d, J = 24.1 Hz), 37.5 (d, J = 9.6 Hz). MS (ESI): m/z (%) 577 (M+H)*. HRMS
(ESI): Calcd. for C31H2804N4F3: 577.2057 (M+H)*; Found: 577.2050 (M+H)".

ﬁf@ (2S,3R,4S,5S,6R)-2-(4-((1,1-difluoroallyl)oxy)phenoxy)-6-
Q (hydroxymethyl)tetrahydro-2H-pyran-3,4,5-triol (31). Compound 3I (37.0 mg, 53%
HO\)O\)>;\OH yield, 77% determined by *F NMR, a/y > 20:1) as a yellow oil was purified with
oH reverse-phase flash column chromatography (CHsCN: H.0O = 7: 3). *H NMR (400
MHz, DMSO-ds) 6 7.14 (d, J = 8.8 Hz, 2 H), 7.05 (d, J = 8.8 Hz, 2 H), 6.28 — 6.15 (m, 1 H), 5.89 (d, J =
17.2 Hz, 1 H),5.71 (d, J = 10.8 Hz, 1 H), 5.32 (br, 1 H), 5.08 (br, 1 H), 5.03 (br, 1 H), 4.83 (d, J = 6.8 Hz,
1 H), 4.57 (br, 1 H), 3.69 (d, J = 11.2 Hz, 1 H), 3.50 — 3.42 (m, 1 H), 3.31 - 3.20 (m, 3 H), 3.20 - 3.12 (m,
1 H). °F NMR (376 MHz, DMSO-ds) 6 -67.3 (d, J = 6.4 Hz, 2 F). 3C NMR (126 MHz, DMSO-ds) &
155.3, 143.8, 129.1 (t, J = 33.6 Hz), 123.1, 123.0 (t, J = 6.6 Hz), 120.8 (t, J = 257.2 Hz), 117.1, 100.7,
77.1, 76.6, 73.3, 69.7, 60.7. MS (DART): m/z (%) 366 (M+NH4)*. HRMS (DART): Calcd. for
C15H2207NF2: 366.1359 (M+NH.)*; Found: 366.1355 (M+NH.)".

Representative Procedure for the Preparation of Protected Carbohydrates.

After the corresponding phenol-containing carbohydrate reacted with DFAS 2a for 1 h, 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>SQg, filtered through a pad
of Celite® and concentrated. The resulting crude gem-difluoroallylated product was reacted with Acz0 (5
mmol, 25 equiv) and pyridine (5 mmol, 25 equiv) for 6 h at room temperature. The reation mixture was
concentrated under vacuum. The residue was purified with silica gel chromatography to provide the
desired product 31'-30".
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A(Oj@\ (2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-(4-((1,1-
9 one difluoroallyl)oxy)phenoxy)tetrahydro-2H-pyran-3,4,5-triyl  triacetate  (31').
Aco\/cij;OAC Compound 31’ (75.5 mg, 72% yield, a/y > 20:1) as a white solid (m.p. 99-101 <€)

Ohe was purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1).

'H NMR (400 MHz, CDCl3) 6 7.12 (d, J = 8.8 Hz, 2 H), 6.96 (d, J = 8.8 Hz, 2 H), 6.10 — 5.97 (m, 1 H),
590 (d, J=17.2 Hz, 1 H), 5.58 (d, J = 10.8 Hz, 1 H), 5.32 - 5.22 (m, 2 H), 5.16 (t, J = 9.6 Hz, 1 H), 5.04
(d,J=7.6Hz,1H),4.28 (dd, J=12.4 Hz, 5.2 Hz, 1 H), 4.16 (dd, J = 12.4 Hz, 2.0 Hz, 1 H), 3.87 — 3.81
(m, 1 H), 2.07 (s, 3 H), 2.06 (s, 3 H), 2.04 (s, 3 H), 2.03 (s, 3 H). °F NMR (376 MHz, CDCls) § -69.1 (d,
J=6.4 Hz, 2 F). 3C NMR (101 MHz, CDCl3) § 170.5, 170.2, 169.4, 169.3, 154.3, 145.7, 129.2 (t, J =
33.8 Hz), 123.2, 121.8 (t, J = 6.8 Hz), 120.5 (t, J = 260.3 Hz), 117.8, 99.3, 72.6, 72.0, 71.1, 68.2, 61.9,
20.64, 20.61, 20.58, 20.56. MS (DART): m/z (%) 534 (M+NH.)*. HRMS (DART): Calcd. for

C23H30011NF2: 534.1781 (M+NH.)*; Found: 534.1770 (M+NH,)".

0 7-((1,1-difluoroallyl)oxy)-6-(((2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
° (hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)-2H-chromen-2-one (3m).
o O
HOH_’CgHO OJFC Compound 3m (17.9 mg, 21% yield, 55% vyield determined by °F NMR, a/y >
; ° —20:1) as a yellow oil was purified with reverse-phase flash column chromatography
OH

(CH3CN: H20 = 3: 7). 'H NMR (400 MHz, CDsOD) & 7.93 (d, J = 9.6 Hz, 1 H),
7.54 (s, 1 H), 7.28 (s, 1 H), 6.41 (d, J = 9.6 Hz, 1 H), 6.28 — 6.16 (m, 1 H), 5.99 (dm, J = 17.2 Hz, 1 H),
5.66 (d, J = 10.8 Hz, 1 H), 4.99 (d, J = 7.2 Hz, 1 H), 3.92 (dd, J = 12.0 Hz, 2.0 Hz, 1 H), 3.70 (dd, J =
12.0 Hz, 6.0 Hz, 1 H), 3.54 — 3.45 (m, 3 H), 3.42 — 3.36 (M, 1 H). °F NMR (376 MHz, CDs0OD) 5 -69.8
(d, J = 6.4 Hz, 2 F). 13C NMR (126 MHz, DMSO-dg) & 159.8, 148.1, 146.3, 143.7, 141.6, 128.4, (t, J =
32.8 Hz), 124.1 (t, J = 6.6 Hz), 121.3 (t, J = 260.2 Hz), 116.8, 116.2, 115.3, 110.9, 100.9, 77.2, 76.9, 73.2,
69.6, 60.6. MS (DART): m/z (%) 417 (M+H)*. HRMS (DART): Calcd. for C1gH1909F2: 417.0992 (M+H)*:
Found: 417.0988 (M+H)*.

o (2R,3R,4S,5R,6S)-2-(Acetoxymethyl)-6-((7-((1,1-difluoroallyl)oxy)-2-oxo-2H-
chromen-6-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (3m”").

Aco_’Cgo 5 P ¢ Compound 3m’ (65.0 mg, 56% vyield, o/y > 20:1) as a white solid (m.p. 128-131
© ~ ) was purified with silica gel chromatography (Petroleum ether: Ethyl acetate =

OAc

1: 1). 'H NMR (400 MHz, CDCl3) § 7.61 (d, J = 9.6 Hz, 1 H), 7.27 (s, 1 H), 7.24
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(s, 1 H), 6.39 (d, J = 9.6 Hz, 1 H), 6.11 — 5.98 (m, 1 H), 5.93 (d, J = 17.2 Hz, 1 H), 5.63 (d, J = 10.4 Hz,
1H),5.33-5.23 (m, 2 H), 5.20 - 5.12 (m, 1 H), 5.04 (d, J = 6.8 Hz, 1 H), 4.26 (dd, J = 12.4 Hz, 4.8 Hz,
1H), 4.22 —4.15 (m, 1 H), 3.89 — 3.83 (m, 1 H), 2.05 (s, 3 H), 2.02 (s, 3 H), 2.01 (m, 6 H). °F NMR (376
MHz, CDCls) 5 -68.5 (dd, J = 149.3 Hz, 4.9 Hz, 1 F), -70.0 (dd, J = 149.3 Hz, 7.5 Hz, 1 F). *C NMR
(126 MHz, CDCl3) § 170.3, 170.1, 169.3, 169.1, 160.0, 149.9, 145.5, 143.1, 142.3, 128.1 (t, J = 32.5 H2),
123.1 (t, J = 6.3 Hz), 120.9 (t, J = 266.0 Hz), 116.7, 116.4, 116.3, 112.0, 99.8, 72.4, 72.1, 70.8, 68.1, 61.7,
20.6, 20.5 (3C). MS (DART): m/z (%) 585 (M+H)*. HRMS (DART): Calcd. for CosH27013F2: 585.1414
(M+H)*: Found: 585.1406 (M+H)*.

<y 0. O (2R,3R,4S,5R)-2-(6-((3-((1,1-difluoroallyl)oxy)benzyl)amino)-9H-
o” 7\, purin-9-yl)-5-(hydroxymethyl)tetrahydrofuran-3,4-diol (3n).

H N=
Fﬁ Compound 3n (42.4 mg, 47% yield, 74% determined by °F NMR, o//y >

20:1) as a colorless oil was purified with reverse-phase flash column chromatography (CH3CN: H20 =5:
5). *H NMR (400 MHz, CDCl3) 8 8.10 (s, 1 H), 7.75 (s, 1 H), 7.20 (t, J = 7.6 Hz, 1 H), 7.15 (s, 1 H), 7.11
(d, J=7.6 Hz, 1 H), 7.06 (d, J = 7.6 Hz, 1 H), 6.86 — 6.75 (m, 1 H), 6.04 — 5.91 (m, 1 H), 5.84 (dm, J =
17.2 Hz, 1 H), 5.74 (d, J = 6.4 Hz, 1 H), 5.51 (d, J = 10.4 Hz, 1 H), 4.92 — 4.71 (m, 3 H), 4.65 — 4.50 (m,
1 H), 4.37-4.30 (m, 1 H), 4.13 (s, 1 H), 3.79 (d, J = 12.4 Hz, 1 H), 3.59 (d, J = 12.0 Hz, 1 H). 1°F NMR
(376 MHz, CDCl3) § -68.5 (d, J = 6.0 Hz, 2 F). 13C NMR (126 MHz, CDCl3) § 154.5, 152.4, 150.4, 147.2,
140.2, 139.7, 129.6, 129.1 (t, J = 33.5 Hz), 124.6, 121.9 (t, J = 6.4 Hz), 121.0, 120.9, 120.6 (t, J = 260.4
Hz), 120.4,90.7, 87.3, 73.9, 72.2, 62.8, 43.9. MS (DART): m/z (%) 450 (M+H)*. HRMS (DART): Calcd.
for C20H2205NsF2: 450.1584 (M+H)*; Found: 450.1577 (M+H)*.

0, (2R,3R,4R,5R)-2-(acetoxymethyl)-5-(6-((3-((1,1-

’DT difluoroallyl)oxy)benzyl)amino)-9H-purin-9-yl)tetrahydrofuran-

ﬁ 3,4-diyl diacetate (3n"). Compound 3n’ (83.1 mg, 72% vyield, a/y >
20:1) as a yellow oil was purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 3).
'H NMR (400 MHz, CDCls) & 8.38 (s, 1 H), 7.85 (s, 1 H), 7.29 (t, J = 8.0 Hz, 1H), 7.24 — 7.18 (m, 2 H),
7.11 (d, J=8.4 Hz, 1 H), 6.53 (br, 1 H), 6.16 (d, J = 5.2 Hz, 1 H), 6.07 — 5.96 (m, 1 H), 5.94 — 5.84 (m, 2
H), 5.69 — 5.64 (m, 1 H), 5.56 (d, J = 10.4 Hz, 1 H), 4.86 (br, 2 H), 4.46 — 4.40 (m, 2 H), 4.39 — 4.32 (m,
1 H), 2.13 (s, 3 H), 2.09 (s, 3 H), 2.06 (s, 3 H). 1°®F NMR (376 MHz, CDCl3) & -68.6 (d, J = 6.4 Hz, 2 F).

13C NMR (151 MHz, CDCls) § 170.3, 169.6, 169.3, 154.6, 153.4, 150.5, 140.2, 138.2, 129.6, 129.3 (t, J
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=33.5Hz),124.6,121.8 (t, J=6.6 Hz), 121.0, 120.7, 120.6 (t, J = 259.4 Hz), 120.1, 86.1, 80.2, 73.1, 70.6,
63.1,43.9, 20.7, 20.5, 20.3. MS (DART): m/z (%) 576 (M+H)*. HRMS (DART): Calcd. for C2sH2s0sNsF2:
576.1900 (M+H)*; Found: 576.1886 (M+H)".

(5R,5aR,8aR,9S)-5-(4-((1,1-difluoroallyl)oxy)-3,5-dimethoxyphenyl)-9-
(((2R,4aR,6R,7R,8R,8aS)-7,8-dihydroxy-2-
methylhexahydropyrano[3,2-d][1,3]dioxin-6-yl)oxy)-5,8,8a,9-
tetrahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-6(5aH)-one  (30).
Compound 30 (44.8 mg, 34% yield, 71% determined by *F NMR, o/y = 4.0:1) as a white solid was
purified with reverse-phase flash column chromatography (CHsCN: H2O = 6: 4). *H NMR (600 MHz,
DMSO-de) 6 7.28 (s, y-isomer), 7.03 (s, 1 H), 7.02 (s, y-isomer), 6.70 (s, y-isomer), 6.57 (s, y-isomer), 6.55
(s, 1 H), 6.33 (s, 2 H), 6.28 (s, y-isomer), 6.13 — 6.03 (m, 1 H), 6.03 — 6.00 (m, 2 H), 5.80 (dm, J = 16.8
Hz, 1 H), 5.58 (d, J = 10.8 Hz, 1 H), 5.10 (d, J = 5.4 Hz, y-isomer), 4.98 (d, J = 3.6 Hz, 1 H), 4.91 (d, J =
4.8 Hz, 1 H), 4.86 (d, J = 4.8 Hz, 1 H), 4.76 — 4.72 (m, 1 H), 4.61 — 4.56 (m, 2 H), 4.34 — 4.26 (m, 2 H),
4.17 (dd, J = 9.6 Hz, 3.6 Hz, y-isomer), 4.09 (dd, J = 10.2 Hz, 4.8 Hz, 1 H), 3.95 (dd, J = 9.6 Hz, 4.2 Hz,
y-isomer), 3.66 (s, 6 H), 3.52 (t, J = 9.6 Hz, 1 H), 3.47 (t, J = 10.2 Hz, y-isomer), 3.42 — 3.33 (m, 2 H),
3.28-3.23(m, 1 H),3.20 (d, J=9.0 Hz, 1 H), 3.16 —3.10 (m, 1 H), 2.94 - 2.86 (m, 1 H), 1.27 (d, J = 4.8
Hz, 3 H), 1.24 (d, J = 5.4 Hz, y-isomer). *°F NMR (565 MHz, DMSO-ds) & -65.9 (dd, J = 148.6 Hz, 7.3
Hz, 1 F), -66.1 (dd, J = 148.6 Hz, 6.8 Hz, 1 F), -86.0 (d, J = 37.9 Hz, y-isomer), -87.5 (dd, J = 37.9 Hz,
26.0 Hz, y-isomer). *°C NMR (151 MHz, DMSO-ds) & 173.9, 153.2 (y-isomer), 152.4, 152.0 (y-isomer),
147.53, 147.47 (y-isomer), 146.1, 140.0 (y-isomer), 138.9, 131.7, 128.9 (t, J = 33.7 Hz), 128.7, 126.6 (y-
isomer), 121.3 (t, J = 6.2 Hz), 120.9 (t, J = 258.5 Hz), 109.6, 109.3, 108.4 (y-isomer), 107.9, 106.6 (y-
isomer), 105.3, 102.2 (y-isomer), 101.3, 100.9, 100.5 (y-isomer), 98.3, 98.2 (y-isomer), 79.9, 79.8 (y-
isomer), 78.7, 74.3, 72.70 (y-isomer), 72.67, 71.63 (y-isomer), 71.58, 67.3, 67.2 (y-isomer), 67.11, 67.08
(y-isomer), 65.55, 65.46 (y-isomer), 55.9 (y-isomer), 55.8, 42.9, 42.3 (y-isomer), 38.0 (y-isomer), 37.2,
19.8. MS (DART): m/z (%) 682 (M+NH.)*. HRMS (DART): Calcd. for CzH3sO13NF2: 682.2306
(M+NHa4)*; Found: 682.2301 (M+NHa)".

OMe o—/
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(2R,4aR,6R,7R,8S,8aR)-6-(((5S,5aR,8aR,9R)-9-(4-((1,1-
Difluoroallyl)oxy)-3,5-dimethoxyphenyl)-8-oxo-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl)oxy)-2-
methylhexahydropyrano[3,2-d][1,3]dioxine-7,8-diyl diacetate (30’).

OMe o—/

Compound 30’ (97.7 mg, 65% vyield, a/y = 4.0:1) as a colorless oil was purified with silica gel
chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls) § 6.76 (s, 1 H), 6.52
(s,1H),6.24 (s, 2 H), 6.09 - 5.94 (m, 3 H), 5.86 (d, J =17.6 Hz, 1 H), 5.49 (d, J = 10.8 Hz, 1 H), 5.19 (t,
J=9.6 Hz, 1 H), 4.89 (t, J=8.0 Hz, 1 H), 483 (d, J=3.2 Hz, 1 H), 4.79 (d, J = 8.0 Hz, 1 H), 4.67 (q, J
=4.8Hz, 1H), 459 —4.54 (m, 1 H), 441 —4.33 (m, 1 H), 4.24—4.14 (m, 2 H), 3.67 (s, 6 H), 3.56 (t, J =
10.4 Hz, 1 H), 3.45 (t, J = 9.6 Hz, 1 H), 3.40 — 3.35 (m, 1 H), 3.18 — 3.12 (m, 1 H), 2.89 — 2.77 (m, 1 H),
2.03 (s, 3 H), 1.81 (s, 3 H), 1.32 (d, J = 4.8 Hz, 3 H). °F NMR (376 MHz, CDCl3) & -68.4 (s, 2 F). °C
NMR (126 MHz, CDCl3) 6 174.4, 170.2, 169.3, 153.3, 148.7, 147.0, 137.9, 132.2, 129.1 (t, J = 33.9 Hz),
128.1,127.3, 121.4 (t, J = 6.2 Hz), 121.2 (t, J = 260.8 Hz), 110.7, 108.9, 107.8, 101.6, 100.3, 99.7, 77.6,
745, 72.0, 71.4, 67.8, 67.6, 66.3, 56.2, 43.8, 40.9, 37.4, 20.7, 20.3, 20.1. MS (DART): m/z (%) 766
(M+NH4)". HRMS (DART): Calcd. for C3sH42015NF2: 766.2517 (M+NHa)*; Found: 766.2508 (M+NH4)".

(8R,9S,13S,14S,17R)-3-((1,1-Difluoro-2-phenylallyl)oxy)-17-ethynyl-13-
methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-
cyclopenta[a]phenanthren-17-ol (3p). Compound 3p (86.1 mg, 96% yield, o'y >

20:1) as a colorless oil was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 10: 1). *H NMR (400 MHz, CDCl3) § 7.62 — 7.57 (m, 2 H), 7.44 — 7.36 (m, 3 H),
7.28 (d, J =8.4 Hz, 1 H), 7.02 (d, J = 8.4 Hz, 1 H), 6.95 (s, 1 H), 6.02 (s, 1 H), 5.74 (5, 1 H), 2.91 — 2.84
(m, 2 H), 2.63 (s, 1 H), 2.44 — 2.33 (m, 2 H), 2.32 - 2.23 (m, 1 H), 2.12 — 2.02 (m, 2 H), 2.00 — 1.88 (m,
2 H), 1.88 —1.69 (m, 3 H), 1.60 — 1.35 (m, 4 H), 0.92 (s, 3 H). °F NMR (376 MHz, CDCl3) § -67.4 (s, 2
F). 13C NMR (126 MHz, CDCls) & 148.0, 141.7 (t, J = 29.7 Hz), 138.0, 137.5, 135.3, 128.4, 128.3, 127.7,
126.2,121.9, 121.5 (t, J = 264.0 Hz), 119.4 (t, J = 5.4 Hz), 119.0, 87.4, 79.8, 74.1, 49.4, 47.0, 43.6, 39.0,
38.9,32.7,29.5, 27.0, 26.2, 22.8, 12.6. MS (DART): m/z (%) 466 (M+NH.)". HRMS (DART): Calcd. for
C29H3402NF2: 466.2552 (M+NH.)*; Found: 466.2548 (M+NH.)*.
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o (3R,4S5)-4-(4-((1,1-difluoro-2-(4-methoxyphenyl)allyl)oxy)phenyl)-1-

R \/\Q (4-fluorophenyl)-3-((S)-3-(4-fluorophenyl)-3-hydroxypropyl)azetidin-
FQ " 2-one (3qg). Compound 3q (108.9 mg, 92% yield, a/y > 20:1) as a colorless
OJ}F F C oil was purified with silica gel chromatography (Petroleum ether: Ethyl

" acetate = 2 1). 'H NMR (400 MHz, CDCl3) & 7.47 (d, J = 8.8 Hz, 2 H),
7.31-7.25(m,4H),7.24-7.18 (m, 4 H), 7.00 (t, J = 8.8 Hz, 2 H), 6.96 — 6.87 (m, 4 H), 5.92 (s, 1 H),
5.66 (s, 1 H), 4.69 (t, J =6.0 Hz, 1 H), 4.62 (d, J =2.4 Hz, 1 H), 3.81 (5, 3 H), 3.10 — 3.04 (m, 1 H), 2.77
(br, 1 H), 2.02 — 1.84 (m, 4 H). **F NMR (376 MHz, CDCls) § -67.6 (s, 2 F), -114.9 (m, 1 F), -117.7 (m,
1 F). 13C NMR (126 MHz, CDCl3) § 167.4, 162.1 (d, J = 245.7 Hz), 159.8, 159.0 (d, J = 244.2 Hz), 150.5,
140.6 (t, J = 29.0 Hz), 140.0 (d, J = 2.9 Hz), 134.6, 133.6 (d, J = 2.8 Hz), 127.4, 127.3 (d, J = 8.1 Hz),
126.8, 122.5, 121.7 (t, J = 265.1 Hz), 118.3 — 118.2 (m), 118.3 (d, J = 7.4 Hz), 115.8 (d, J = 22.4 Hz),
115.3 (d, J = 21.2 Hz), 113.7, 72.9, 60.7, 60.3, 55.2, 36.5, 24.9. MS (ESI): m/z (%) 592 (M+H)*. HRMS

(ESI): Calcd. for CasH300sNFa4: 592.2105 (M+H)*; Found: 592.2098 (M+H)*.

0 oH Ethyl 4-(3,3-difluoro-3-(4-((2S,3R)-1-(4-fluorophenyl)-3-((S)-3-(4-
/ON \/\@F fluorophenyl)-3-hydroxypropyl)-4-oxoazetidin-2-yl)phenoxy)prop-1-
F . en-2-yl)benzoate (3r). Compound 3r (59.0 mg, 93% yield, a/y > 20:1) as

Omcoﬁ a colorless oil was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 3: 1). 'H NMR (400 MHz, CDCls) & 8.03 (d, J = 8.4 Hz, 2 H), 7.59 (d, J = 8.4 Hz,
2 H), 7.32 - 7.25 (m, 4 H), 7.23 - 7.16 (m, 4 H), 7.00 (t, J = 8.4 Hz, 2 H), 6.93 (t, J = 8.4 Hz, 2 H), 6.08
(s, 1 H), 5.80 (s, 1 H), 4.70 (t, J = 6.0 Hz, 1 H), 4.62 (d, J = 2.0 Hz, 1 H), 4.38 (g, J = 7.2 Hz, 2 H), 3.10
—3.04 (m, 1 H), 2.15 (br, 1 H), 2.07 — 1.82 (m, 4 H), 1.40 (t, J = 7.2 Hz, 3 H). °F NMR (376 MHz, CDCls)
§-67.4 (s, 2 F), -114.9 (m, 1 F), -117.7 (m, 1 F). 3C NMR (126 MHz, CDCl3) & 167.3, 166.2, 162.1 (d, J
= 246.1 Hz), 159.0 (d, J = 244.2 Hz), 150.2, 140.7 (t, J = 29.6 Hz), 140.0 (d, J = 3.0 Hz), 139.4, 134.8,
133.6 (d, J = 2.5 Hz), 130.4, 129.5, 127.6, 127.3 (d, J = 7.7 Hz), 126.9, 122.5, 121.3 (t, J = 264.7 Hz),
121.1 (t, J = 5.2 Hz), 118.3 (d, J = 7.8 Hz), 115.9 (d, J = 22.7 Hz), 115.3 (d, J = 21.4 Hz), 73.0, 61.1, 60.7,
60.3, 36.5, 25.0, 14.3. MS (ESI): m/z (%) 634 (M+H)*. HRMS (ESI): Calcd. for C3sH320sNF4: 634.2211
(M+H)"; Found: 634.2202 (M+H)".
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FM PN (3R,45)-4-(4-(((E)-1,1-difluoronon-2-en-1-yl)oxy)phenyl)-1-(4-
QQ FF fluorophenyl)-3-((S)-3-(4-fluorophenyl)-3-
om N hydroxypropyl)azetidin-2-one (3s). Compound 3s (63.8 mg, 56%
Q yield, E : Z > 20:1, a/y > 20:1) as a colorless oil was purified with
silica gel chromatography (Petroleum ether: Ethyl acetate = 3: 1). *H NMR (400 MHz, CDCl3) § 7.31 —
7.26 (m, 4 H), 7.24 -7.17 (m, 4 H), 7.01 (t, J=8.4 Hz, 2 H), 6.94 (t, J =8.4 Hz, 2 H), 6.43 - 6.34 (m, 1
H), 5.74 —5.65 (m, 1 H), 4.71 (t, J =5.6 Hz, 1 H), 4.62 (d, J = 2.4 Hz, 1 H), 3.11 - 3.05 (m, 1 H), 2.18 —
2.10 (m, 2 H), 2.05-1.82 (m, 5 H), 1.48 - 1.39 (m, 2 H), 1.36 — 1.23 (m, 6 H), 0.89 (t, J = 6.8 Hz, 3 H).
19F NMR (376 MHz, CDCl3) 6 -66.4 (d, J = 5.3 Hz, 2 F), -114.8 (m, 1 F), -117.8 (m, 1 F). 13C NMR (151
MHz, CDCl3) & 167.4, 162.2 (d, J = 245.7 Hz), 159.1 (d, J = 244.2 Hz), 150.7, 140.0 (d, J = 2.4 Hz), 139.3
(t, J=5.7 Hz), 134.4, 133.7, 127.4 (d, J = 8.2 Hz), 126.8, 122.5, 121.24 (t, J = 32.9 Hz), 121.18 (t, J =
260.2 Hz), 118.4 (d, J = 8.2 Hz), 115.9 (d, J = 23.1 Hz), 115.4 (d, J = 21.1 Hz), 73.1, 60.8, 60.4, 36.5,
31.6, 31.5, 28.7, 28.1, 25.0, 22.5, 14.0. MS (ESI): m/z (%) 592 (M+Na)*. HRMS (ESI): Calcd. for
CasH3s03NF4Na: 592.2445 (M+Na)*: Found: 592.2453 (M+Na)".

(5R,5aR,8aR,9S)-9-(((2R,4aR,6R,7R,8R,8aS)-7,8-dihydroxy-2-
methylhexahydropyrano[3,2-d][1,3]dioxin-6-yl)oxy)-5-(4-((2-(4-
ethynylphenyl)-1,1-difluoroallyl)oxy)-3,5-dimethoxyphenyl)-
5,8,8a,9-tetrahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-
6(5aH)-one (3t). Compound 3t (61.2 mg, 80% yield, a/y > 20:1) as a white solid (m.p. 133-140 °C) was
purified with silica gel chromatography (Methanol: Dichloromethane = 1: 15). *H NMR (400 MHz, CDCl5)
6 7.66 (d, J =8.0 Hz, 2 H), 7.48 (d, J = 8.0 Hz, 2 H), 6.80 (s, 1 H), 6.45 (s, 2 H), 6.41 (s, 1 H), 6.09 (s, 1
H), 5.98 (s, 1 H), 5.96 (s, 1 H), 5.76 (s, 1 H), 4.93 (d, J = 3.2 Hz, 1 H), 4.72 (9, J = 5.2 Hz, 1 H), 4.57 —
4.45 (m, 2 H), 4.26 (d, J=4.4 Hz, 1 H), 4.16 (d, J=10.4 Hz, 4.4 Hz, 1 H), 3.93 (d, J = 7.6 Hz, 1 H), 3.77
(s, 6 H), 3.63 -3.53 (m, 2 H), 3.44 (t, J =8.0 Hz, 1 H), 3.33 (t, J = 9.2 Hz, 1 H), 3.22 — 3.12 (m, 2 H),
3.12 (s, 1 H), 3.02 - 2.90 (m, 2 H), 1.73 - 1.60 (m, 1 H), 1.36 (d, J = 5.2 Hz, 3 H). °F NMR (376 MHz,
CDCl3) 8 -67.5 (d, J = 145.5 Hz, 1 F), -68.0 (d, J = 145.5 Hz, 1 F). 13C NMR (126 MHz, CDCls) § 180.1,
154.6, 148.7, 146.4, 142.4, 141.0 (t, J = 30.1 Hz), 135.8, 132.5, 131.7, 127.8, 127.0, 126.0, 121.9 (t, J =
266.1 Hz), 120.0 (t, J = 5.4 Hz), 109.7, 108.5, 105.6, 101.4, 99.7, 98.8, 83.4, 79.7, 77.9, 77.2, 75.3, 74.4,
72.9,69.5, 68.1, 66.2, 56.3, 44.4, 44.0, 39.4, 20.3. MS (ESI): m/z (%) 787 (M+Na)*. HRMS (ESI): Calcd.
for CaoH3013F2Na: 787.2173 (M+Na)™; Found: 787.2183 (M+Na)*.
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)OL /@(Ozi\ N-(4-((1,1-Difluoroallyl)oxy)phenyl)acetamide (3u). 10 mmol-scale synthesis. To a
N 250 mL round bottom flask equipped with a stirring bar were added N-(4-
hydroxyphenyl)acetamide (1.66 g, 11 mmol, 1.1 equiv) and DFAS 2a (3.64 g, 10 mmol, 1.0 equiv) under
air. DMSO (100 mL) and Na2COz aqueous solution (0.1 M, 50 mL) were added subsequently. The reaction
mixture was stirred at 37 °C. After stirring for 1 h, the reaction mixture was then diluted with ethyl acetate
and H20. The resulting mixture was extracted with ethyl acetate, and the combined organic layers were
washed with brine, dried over Na2SOQs, filtered through a pad of Celite®, and concentrated. Compound 3u
(1.88 g, 83% vyield) as a light yellow solid (m.p. 80-83 <€) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 2: 1). *H NMR (400 MHz, CDCl3) & 8.12 (s, 1 H), 7.47 (d, J = 8.8 Hz,
2 H),7.11 (d, J=8.8 Hz, 2 H), 6.08 — 5.96 (m, 1 H), 5.89 (d, J =17.2 Hz, 1 H), 5.57 (d, J = 10.8 Hz, 1
H), 2.12 (s, 3 H). *F NMR (376 MHz, CDCls) § -68.8 (d, J = 6.4 Hz, 2 F). *C NMR (126 MHz, CDCls)
0 168.8, 146.3, 135.5, 129.2 (t, J = 33.8 Hz), 122.4, 121.8 (t, J = 6.6 Hz), 121.0, 120.6 (t, J = 259.8 Hz),
24.3. MS (ESI): m/z (%) 228 (M+H)*. HRMS (ESI): Calcd. for C11H120-NF»: 228.0831 (M+H)*; Found:
228.0831 (M+H)*.

w0 Methyl 2-(2-((tert-butoxycarbonyl)amino)acetamido)-3-(4-((1,1-
BOCHN/}O(N%O/ difluoroallyl)oxy)phenyl)propanoate (3v). Compound 3v (70.3 mg, 82%
\CLOSQ yield) as a colorless oil was purified with silica gel chromatography (Petroleum

ether: Ethyl acetate = 1: 1). 'H NMR (400 MHz, CDCls3) § 7.12 — 7.04 (m, 4 H), 6.83 — 6.74 (br, 1 H),
6.08 —5.95 (m, 1 H), 5.88 (d, J = 17.2 Hz, 1 H), 5.56 (d, J = 10.4 Hz, 1 H), 5.29 (t, J = 5.2 Hz, 1 H), 4.84
(dd, J=13.2 Hz,J=6.0 Hz, 1 H), 3.86 — 3.69 (m, 2 H), 3.67 (s, 3 H), 3.14 — 3.01 (m, 2 H), 1.41 (s, 9 H).
F NMR (376 MHz, CDCls3) § -68.8 (d, J = 5.6 Hz, 2 F). *C NMR (126 MHz, CDCls) § 171.6, 169.3,
156.0, 149.3, 132.9, 130.1, 129.3 (t, J = 33.9 Hz), 121.9, 121.7 (t, J = 6.3 Hz), 120.5 (t, J = 259.8 Hz),
80.2,53.0,52.3,44.1,37.1, 28.2. MS (ESI): m/z (%) 429 (M+H)*. HRMS (ESI): Calcd. for C2oH2706N2F2:

429.1832 (M+H)*; Found: 429.1829 (M+H)*.

N;NTSV\/F N-(3-(5-((3,3-Difluoroallyl)thio)-1H-tetrazol-1-yl)phenyl)acetamide (3w). Compound
-

3w (54.6 mg, 88% vyield, y/o > 20:1) as a yellow oil was purified with silica gel
AcHM chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCl3) §
8.79 (s, 1 H), 8.03 (s, 1 H), 7.68 (d, J = 8.4 Hz, 1 H), 7.45 (t, J = 8.4 Hz, 1 H), 7.25 (d, J = 8.4 Hz, 1 H),

4.67 (dt, = 23.6 Hz, 8.4 Hz, 1 H), 3.95 (d, J = 8.4 Hz, 2 H), 2.24 (s, 3 H). °F NMR (376 MHz, CDCl5)
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§-83.7 (d, J = 30.8 Hz, 1 F), -84.7 (dd, J = 30.8 Hz, 24.1 Hz, 1 F). *C NMR (126 MHz, CDCls) & 169.5,
157.5 (t, J = 292.1 Hz), 153.7, 139.8, 133.6, 130.2, 121.0, 118.4, 114.7, 75.0 (dd, J = 27.6 Hz, 18.3 Hz),
26.5 (d, J = 7.2 Hz), 24.4. MS (ESI): m/z (%) 312 (M+H)*. HRMS (ESI): Calcd. for C12H120NsF2S:
312.0725 (M+H)*: Found: 312.0717 (M+H)*.

ACOKG,N%S V%F\/F | (2R,3R,4R,5R)-2-(Acetoxyn-1ethyl-)-5-(6-((3,3-difluoroalIyI)thio)-9H-

ns oac NS purin-9-ytetrahydrofuran-3,4-diyl diacetate (3x). Compound 3x was
obtained from 6-thioinosine with difluoroallylation and acetylation in succession. Compound 3x (83.7 mg,
86% vyield, y/o > 20:1) as a colorless oil was purified with silica gel chromatography (Petroleum ether:
Ethyl acetate = 1: 1). *H NMR (500 MHz, CDCls) § 8.69 (s, 1 H), 8.11 (s, 1 H), 6.18 (d, J=5.0 Hz, 1 H),
593 (t,J=5.0 Hz, 1 H), 5.63 (t, J = 5.0 Hz, 1 H), 4.60 (dt, J = 24.0 Hz, 8.0 Hz, 1 H), 4.45 - 4.38 (m, 2
H), 4.36 — 4.31 (m, 1 H), 3.95 (d, J = 8.0 Hz, 2 H), 2.11 (s, 3 H), 2.08 (s, 3 H), 2.04 (s, 3 H). °F NMR
(376 MHz, CDCl3) & -86.0 (d, J = 36.1 Hz, 1 F), -86.7 (dd, J = 36.1 Hz, 24.1 Hz, 1 F). 3C NMR (126
MHz, CDCl3) 6 170.2, 169.5, 169.2, 160.5, 157.1 (t, J = 289.3 Hz), 152.0, 148.1, 141.2, 131.7, 86.4, 80.3,
76.1(dd, J=26.3 Hz, 18.4 Hz), 72.9, 70.4, 62.9, 21.9 (d, J = 6.7 Hz), 20.6, 20.4, 20.2. MS (ESI): m/z (%)

487 (M+H)*. HRMS (ESI): Calcd. for C1oH2107N4F2S: 487.1094 (M+H)*; Found: 487.1095 (M+H)*.

o "N o 0 (S)-2-((2S,11S)-2-Benzyl-11-(4-((1,1-
HZ“ﬁjNTOhHK/NTOhH e difluoroallyl)oxy)benzyl)-4,7,10,13-tetraoxo-3,6,9,12-
OS@ tetraazatetradecanamido)-4-methylpentanamide (5a). 0.1

mmol-scale synthesis. To a 25 mL vial equipped with a stirring bar were added peptide (0.1 mmol, 1.0
equiv) and DFAS 2a (0.15 mmol, 1.5 equiv) under air. DMSO (4 mL) and CBS buffer (2 mL) were added
subsequently. The mixture was stirred at 37 °C. After stirring for 1 h, the reaction was cooled to room
temperature and then diluted with H>O. The resulting white solid was filtered to give crude product 5a,
which was washed by H>O and petroleum ether to provide pure compound 5a (68.7 mg, 72% vyield, a/y >
20:1). *H NMR (400 MHz, CD3s0D) & 7.33 —7.18 (m, 7 H), 7.12 (d, J = 8.0 Hz, 2 H), 6.17 — 6.03 (m, 1
H), 5.88 (dm, J = 17.2 Hz, 1 H), 5.62 (d, J = 10.8 Hz, 1 H), 4.60 (dd, J = 8.8 Hz, J = 5.6 Hz, 1 H), 4.53
(dd, J=8.8 Hz,J=6.0 Hz, 1 H), 4.38 —4.30 (m, 1 H), 3.91 - 3.82 (m, 2 H), 3.80 — 3.68 (m, 2 H), 3.23 -
3.11(m, 2 H),3.05-2.90 (m, 2 H), 1.94 (s, 3 H), 1.68 — 1.54 (m, 3 H), 0.93 (d, J = 5.6 Hz, 3 H), 0.89 (d,
J=5.6 Hz, 3 H). %F NMR (376 MHz, CD30D) § -69.9 (d, J = 6.1 Hz, 2 F). C NMR (126 MHz, CD3;0D)

0177.3,174.5,173.8,173.4,172.3,171.9, 150.5, 138.4, 136.0, 131.3, 130.8 (t, J = 33.9 Hz), 130.4, 129.6,
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127.9, 122.9, 122.4 (t, J = 6.6 Hz), 122.1 (t, J = 258.7 Hz), 56.7, 56.6, 53.0, 43.9, 43.6, 41.7, 38.3, 37.7,
25.8, 23.6, 22.5, 21.7. MS (ESI): m/z (%) 695 (M+Na)*. HRMS (ESI): Calcd. for CasHaO7NeF2Na:
695.2975 (M+Na)*; Found: 695.2961 (M+Na)".

o (S)-2-((S)-2-((S)-2-((S)-2-acetamido-3-(1H-indol-3-

ZNT(\ )%% | yI)propanamido)-3-(4t-((1,1-

difluoroallyl)oxy)phenyl)propanamido)-4-
° (methylthio)butanamido)-N*-((S)-1-amino-3-hydroxy-1-
oxopropan-2-yl)succinamide (5b). 0.1 mmol-scale synthesis. To a 25 mL vial equipped with a stirring
bar was added pentapeptide (0.1 mmol, 1.0 equiv) and DFAS 2a (0.15 mmol, 1.5 equiv) under air. DMSO
(4 mL) and CBS buffer (2 mL) were added subsequently. The mixture was stirred at 37 °C. After stirring
for 1 h, the reaction was cooled to room temperature and then diluted with H2O. The resulting white solid
was filtered to give crude product 5b, which was washed by H>O and petroleum ether to provide pure
compound 5b (67.6 mg, 83% yield, a/y >20:1). *H NMR (400 MHz, DMSO-ds) § 10.70 (s, 1 H), 8.19 (d,
J=6.8Hz,1H),813-8.05(m,2H),7.97(d,J=8.0Hz,1H),7.79(d,J=7.2Hz, 1 H),7.52(d,J=7.6
Hz, 1 H), 7.43 (s, 1 H), 7.31 - 7.25 (m, 2 H), 7.23 (d, J = 7.6 Hz, 2 H), 7.11 - 6.89 (m, 7 H), 6.23 - 6.10
(m, 1 H), 5.85 (d, J = 17.2 Hz, 1 H), 5.65 (d, J = 10.8 Hz, 1 H), 4.76 (m, 1 H), 4.57 — 4.39 (m, 3 H), 4.38
—4.30 (m, 1 H), 4.12 — 4.05 (m, 1 H), 3.65 — 3.57 (m, 1 H), 3.57 — 3.50 (m, 1 H), 3.07 — 2.92 (m, 2 H),
2.85-2.72(m, 2 H), 2.61 — 2.53 (m, 1 H), 2.45-2.37 (m, 3 H), 1.99 (s, 3 H), 1.94 — 1.84 (m, 1 H), 1.82
—1.73 (m, 1 H), 1.69 (s, 3 H). F NMR (376 MHz, DMSO-ds) & -66.9 (d, J = 6.0 Hz, 2 F). *C NMR (126
MHz, DMSO-ds) 6 172.0, 171.86, 171.85, 171.00, 170.96, 170.7, 169.3, 148.1, 136.1, 135.7, 130.6, 129.1
(t, J =33.6 Hz), 127.3, 123.4, 123.0 (t, J = 6.3 Hz), 121.3, 120.9, 120.8 (t, J = 258.2 Hz), 118.4, 118.2,
111.3,110.3, 61.5, 55.3,53.7, 53.4, 52.0, 49.8, 36.9, 36.3, 32.0, 29.4, 27.5, 22.5, 14.6. MS (ESI): m/z (%)
817 (M+H)*. HRMS (ESI): Calcd. for Cs7H4709NgF2S: 817.3149 (M+H)*; Found: 817.3160 (M+H)".

(S)-2-((2S,5S,8S,11S,14S,17S,20S)-2-((1H-
g imidazol-4-yl)methyl)-20-((1H-indol-3-yl)methyl)-
Aoy ¢ % ij J;(E %NHZ 11-(4-((1, 1-difluoroallyl)oxy)benzyl)-17-((R)-1-
hydroxyethyl)-14-isobutyl-5-methyl-8-(2-

(methylthio)ethyl)-4,7,10,13,16,19,22-heptaoxo-

3,6,9,12,15,18,21-heptaazatricosanamido)succinamide (5c¢). 0.05 mmol-scale synthesis. To a 25 mL
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vial equipped with a stirring bar were added peptide (0.05 mmol, 1.0 equiv) and DFAS 2a (0.075 mmol,
1.5 equiv) under air. DMSO (4 mL) and CBS buffer (2 mL) were added subsequently. The mixture was
stirred at 37 °C. After stirring for 1 h, the reaction was cooled to room temperature and then diluted with
H20. The resulting white solid was filtered to give crude product 5c, which was washed by H>O and
petroleum ether to provide pure compound 5¢ (47.2 mg, 82% vyield, o/y > 20:1). *H NMR (600 MHz,
DMSO-ds) 6 10.7 (s, 1 H), 8.10 (d, J = 7.2 Hz, 1 H), 8.08 — 8.04 (m, 2 H), 7.99 — 7.94 (m, 2 H), 7.92 (d,
J=78Hz,1H),7.79-7.74 (m, 2 H), 7.54 (d,J = 7.8 Hz, 1 H), 7.49 (s, 1L H), 7.29 — 7.25 (m, 2 H), 7.22
(d,J=84Hz,2H),7.11(d,J=1.8Hz,1H),7.05-6.98 (m, 4 H),6.91(t,J=7.8Hz, 1 H), 6.81 (s, 2
H), 6.20 - 6.12 (m, 1 H), 5.85 (dm, J =17.4 Hz, 1 H), 5.66 (d, J =11.4 Hz, 1 H), 4.95 (br, 1 H), 4.57 -
452 (m, 1 H), 4.49 — 4.44 (m, 1 H), 4.43 - 4.38 (m, 1 H), 4.35 — 4.26 (m, 2 H), 4.24 — 4.14 (m, 3 H), 3.98
—3.92 (m, 1 H), 3.08 (dd, J = 15.0 Hz, 4.2 Hz, 1 H), 3.00 (dd, J = 13.8 Hz, 3.6 Hz, 1 H), 2.93 — 2.86 (m,
2 H),2.82(dd, J=14.4 Hz, 6.0 Hz, 1 H), 2.79 — 2.74 (m, 1 H), 2.47 — 2.45 (m, 4 H), 2.42 — 2.35 (m, 3 H),
1.97 (s, 3 H), 1.92 — 1.83 (m, 1 H), 1.74 (s, 3 H), 1.55 - 1.48 (m, 1 H), 1.37 —1.29 (m, 2 H), 1.17 (d, J =
7.2 Hz,3H),0.93 (d, J = 6.6 Hz, 3 H), 0.80 (d, J = 6.6 Hz, 3 H), 0.76 (d, J = 6.6 Hz, 3 H). °F NMR (376
MHz, DMSO-ds) & -66.9 (d, J = 6.0 Hz, 2 F). *3C NMR (151 MHz, DMSO-ds) & 173.2, 172.2, 172.0,
171.9,170.82,170.78,170.3, 169.9, 169.7, 148.1, 136.1, 135.4, 134.8, 130.4, 129.1 (t, J = 33.4 Hz), 127 4,
123.6,122.9 (t, J = 6.3 Hz), 121.3, 120.9, 120.8 (t, J = 258.1 Hz), 118.4, 118.2, 111.3, 110.2, 66.4, 58.2,
53.8,53.6,53.0,51.9, 51.3, 49.7, 48.5, 40.5, 40.1, 36.8, 36.3, 31.9, 29.5, 27.3, 24.1, 23.0, 22.5, 21.6, 19.5,
17.8, 14.6. MS (ESI): m/z (%) 1152 (M+H)*. HRMS (ESI): Calcd. for Cs3H72012N13F2S: 1152.5107
(M+H)*; Found: 1152.5110 (M+H)".

o NH, HoN . (5)-1-((4R,7S,10S,13S,16S,19R)-19-Acetamido-7-(2-amino-

o NH, N 2-oxoethyl)-10-(3-amino-3-oxopropyl)-13-((S)-sec-butyl)-

2 NH HNQE OZ?S/L 16-(4-((1,1-difluoroallyl)oxy)benzyl)-6,9,12,15,18-pentaoxo-

#o 1,2-dithia-5,8,11,14,17-pentaazacycloicosane-4-carbonyl)-

WO} p HN N-((S)-1-((2-amino-2-oxoethyl)amino)-4-methyl-1-

oxopentan-2-yl)pyrrolidine-2-carboxamide (5d). 0.05 mmol-
scale synthesis. To a 25 mL vial equipped with a stirring bar was added peptide (0.05 mmol, 1.0 equiv)
and DFAS 2a (0.075 mmol, 1.5 equiv) under air. DMSO (4 mL) and CBS buffer (2 mL) were added
subsequently. The mixture was stirred at 37 °C. After stirring for 1 h, the reaction was cooled to room

temperature and then diluted with H2O. The resulting white solid was filtered to give crude product 5d,
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which was washed by H>O and petroleum ether to provide pure compound 5d (36.5 mg, 65% vyield, a/y >
20:1). 'H NMR (400 MHz, CD30D) § 7.40 (d, J = 8.0 Hz, 2 H), 7.11 (d, J = 8.0 Hz, 2 H), 6.18 — 6.06 (m,
1H),589(d,J=17.6 Hz, 1 H), 5.63 (d,J =10.8 Hz, 1 H), 5.27 (t, J=7.2 Hz, 1 H), 4.89 — 4.79 (m, 3 H),
4.71(dd,J = 8.0 Hz, 4.8 Hz, 1 H), 4.47 — 4.42 (m, 1 H), 4.29 (t, J = 7.6 Hz, 1 H), 4.10 (dd, J = 8.4 Hz, 4.8
Hz, 1 H),3.91 (d, J=9.6 Hz, 1 H), 3.88 (s, 1L H), 3.83 - 3.76 (m, 1 H), 3.75 - 3.65 (m, 1 H), 3.44 (dd, J =
13.6 Hz, 4.4 Hz, 1 H), 3.40 — 3.33 (m, 1 H), 3.17 (dd, J = 13.6 Hz, 6.8 Hz, 1 H), 3.07 — 2.87 (m, 3 H),
2.80-2.72 (m, 2 H), 244 - 2.32 (m, 2 H), 2.31 - 2.21 (m, 1 H), 2.20 — 2.09 (m, 2 H), 2.08 — 1.96 (m, 3
H), 1.94 -1.86 (m, 5 H), 1.75—-1.57 (m, 4 H), 1.31 - 1.19 (m, 1 H), 1.04 - 0.94 (m, 9 H), 0.92 (d, J = 6.0
Hz, 3 H). °F NMR (376 MHz, CD30D) & -69.8 (d, J = 6.3 Hz, 2 F). 3C NMR (126 MHz, CD30D) §
178.0,175.2,175.0,174.7,174.4,173.6,172.6, 172.2,171.5, 170.6, 150.4, 136.3, 131.8, 130.8 (t, J = 34.0
Hz), 122.6, 122.3 (t, J = 6.2 Hz), 122.1 (t, J = 258.3 Hz), 62.7, 62.4, 56.2, 54.9, 54.2, 53.8, 53.1, 52.3,
43.5,43.3,41.1,40.8, 40.4, 38.5, 37.0, 36.9, 32.8, 30.4, 27.1, 27.0, 26.0, 23.5, 22.4, 21.8, 16.1, 11.6. MS
(ESI): m/z (%) 1125 (M+H)*. HRMS (ESI): Calcd. for C4gH71013N12F2S2: 1125.4668 (M+H)*; Found:
1125.4658 (M+H)".

YH (4R,7S,10S,13R,16S,19R)-13-((1H-indol-3-yl)methy!)-19-((R)-2-

© olNH O™ (2-acetamidoacetamido)-3-phenylpropanamido)-10-(4-

HN,,O o Lo i acetamidobutyl)-N-((2S,3S)-1-amino-3-hydroxy-1-oxobutan-2-

SJ)L H HNI\\EQ yl)-16-(4-((1,1-difluoroallyl)oxy)benzyl)-7-((S)-1-hydroxyethyl)-

o ' ‘.[So HHN o NH 6,9,12,15,18-pentaoxo-1,2-dithia-5,8,11,14,17-
Hz”::i T HH):Q I . pentaazacycloicosane-4-carboxamide (5e). 0.05 mmol-scale

J_ synthesis. To a 25 mL vial equipped with a stirring bar, was added

peptide (0.05 mmol, 1.0 equiv) and DFAS 2a (0.075 mmol, 1.5 equiv)
under air. DMSO (4 mL) and CBS buffer (2 mL) were added subsequently. The vial was heated to 37 °C.
After stirring for 1 h, the reaction was cooled to room temperature and then diluted with H2O. The resulting

N
H

white solid was filtered to give crude product 5e, which was washed by H>O and petroleum ether to
provide pure compound 5e (46.1 mg, 73% yield). *H NMR (600 MHz, DMSO-dg) § 10.81 (s, 1 H), 8.94
(d,J=9.0Hz,1H),8.79(d,J=5.4Hz, 1 H), 852 (d, J=6.6 Hz, 1 H), 8.47 (d, J = 9.0 Hz, 1 H), 8.36 (d,
J=8.4Hz 1H),8.24(d, J=8.4Hz 1H),801(d,J=84Hz, 1H),7.87 (t, J=5.4Hz, 1 H), 7.73 (t, I =
5.4 Hz, 1 H), 7.53 (d, J = 9.0 Hz, 1 H), 7.49 — 7.43 (m, 2 H), 7.35 - 7.29 (m, 4 H), 7.25 (t, J = 7.2 Hz, 2

H), 7.18 (t, J = 7.2 Hz, 1 H), 7.11 — 7.04 (m, 4 H), 7.03 — 6.96 (M, 3 H), 6.24 — 6.16 (m, 1 H), 5.89 (d, J =
25



17.4 Hz, 1 H), 5.69 (d, J = 10.8 Hz, 1 H), 5.36 — 5.27 (m, 2 H), 5.20 (d, J = 4.8 Hz, 1 H), 4.81 — 4.73 (m,
2 H), 4.66 — 4.60 (m, 1 H), 4.54 — 4.48 (m, 1 H), 4.28 — 4.20 (m, 2 H), 4.12 — 4.06 (m, 1 H), 4.03 — 3.91
(m, 2 H), 3.66 (dd, J = 16.8 Hz, 6.0 Hz, 1 H), 3.50 (dd, J = 16.8 Hz, 5.4 Hz, 1 H), 3.15(d, J = 10.8 Hz, 1
H), 3.01 (dd, J = 13.2 Hz, 9.0 Hz, 1 H), 2.93 — 2.77 (m, 9 H), 2.70 (dd, J = 13.8 Hz, 6.0 Hz, 1 H), 1.80 (s,
3H),1.78 (s, 3 H), 1.73 — 1.65 (m, 1 H), 1.32 — 1.23 (m, 1 H), 1.23 - 1.13 (m, 2 H), 1.10 (d, J = 6.6 Hz,
3 H), 1.05 (d, J = 6.0 Hz, 3 H), 0.83 — 0.71 (m, 2 H). 1°F NMR (565 MHz, DMSO-ds) 5 -66.9 (d, J = 6.4
Hz, 2 F). B°C NMR (151 MHz, DMSO-ds) § 173.0, 172.5, 172.4,171.7,171.0, 170.9, 170.0, 169.9, 169.49,
169.47, 169.1, 148.6, 138.4, 136.6, 135.1, 130.7, 129.8, 129.6 (t, J = 34.1 Hz), 128.4, 127.4, 126.7, 124.3,
123.4 (t, J = 6.5 Hz), 121.8, 121.4, 121.2 (t, J = 257.9 Hz), 118.7, 118.5, 111.8, 109.4, 67.7, 67.6, 58.7,
58.5,55.7,54.2,53.2,52.8,52.4,45.5, 44 .8, 42.1, 40.9, 40.5, 39.3, 38.7, 38.5, 31.2, 29.2, 26.6, 23.1, 22.9,
20.5, 19.8. MS (ESI): m/z (%) 1265 (M+H)". HRMS (ESI): Calcd. for CsgH75014N12F2S2: 1265.4930
(M+H)"; Found: 1265.4933 (M+H)".

0 9™y o (S)-2-((2S,11S)-2-benzyl-11-(4-((2-(4-
« A NﬁujﬁrNﬁNHz ethynylphenyl)-1,1-difluoroallyl)oxy)benzyl)-
m R
o 4,7,10,13-tetraoxo-3,6,9,12-
tetraazatetradecanamido)-4-methylpentanamide
(5f). The reaction mixture was cooled to room temperature and then diluted with H20. The resulting white
solid was filtered to give crude product 5f, which was washed by H.O and petroleum ether to give pure
5f (56.3 mg, 73% yield, a/y > 20:1). *H NMR (500 MHz, DMSO-de) § 8.33 (t, J = 6.0 Hz, 1 H), 8.17 (d,
J=8.0Hz,1H),8.09(d,J=80Hz, 1H),8.05(t J=6.0Hz, 1 H),7.99 (d, J=8.5Hz, 1 H), 7.60 — 7.57
(m, 2 H), 7.55 - 7.52 (m, 2 H), 7.29 — 7.26 (m, 2 H), 7.26 — 7.23 (m, 4 H), 7.20 — 7.15 (m, 1 H), 7.14 —
7.10 (m, 3 H), 6.99 (s, 1 H), 6.04 (s, 1 H), 6.01 (s, 1 H), 4.53 — 4.46 (m, 2 H), 4.29 (s, 1 H), 4.22 — 4.16
(m, 1 H), 3.77 — 3.65 (m, 3 H), 3.61 (dd, J = 16.5 Hz, 5.5 Hz, 1 H), 3.06 — 3.00 (m, 2 H), 2.81 — 2.71 (m,
2 H), 1.76 (s, 3H), 1.60 — 1.52 (m, 1 H), 1.49 — 1.44 (m, 2 H), 0.87 (d, J = 7.0 Hz, 3 H), 0.82 (d, J = 6.0
Hz, 3 H). F NMR (471 MHz, DMSO-ds) 5 -65.8 (s, 2 F). 13C NMR (126 MHz, DMSO-ds) 5 174.1, 171.8,
170.9, 169.6, 169.2, 168.8, 148.0, 139.4 (t, J = 29.9 Hz), 137.8, 136.2, 134.7, 132.0, 130.5, 129.3, 128.2,
127.6, 126.4, 123.5, 121.5 (m), 121.41, 121.38 (t, J = 262.8 Hz), 83.1, 82.1, 54.2, 54.1, 51.1, 42.2, 42.0,
40.9, 37.5, 36.8, 24.3, 23.1, 22.5, 21.7. MS (ESI): m/z (%) 773 (M+H)*. HRMS (ESI): Calcd. for
C1H4707N6F2: 773.3469 (M+H)"; Found: 773.3471 (M+H)".

S26



6. Successive Modification of Peptides and Bioactive Molecules from Compounds 3 and 5

6.1 Click Reactions

T™S N-N’
I ! N
R'—Nj
CuSO,4
~OH CBS, DMSO Sodium ascorbate
1 I —_—
R ' | 37°C,3h N © THF, H,0
S xF ’ | 12 - ©
o £ o
! F F
F =
1 -
oTf 5f or 3t 8or9

Synthesis of Compound 5f or 3t: To a 25 mL vial equipped with a stirring bar were added phenol 1 (0.1
mmol, 1.0 equiv) and DFAS 2f (0.1 mmol, 1.0 equiv) under air. DMSO (4 mL) and CBS buffer (2 mL)
were added subsequently. The mixture was stirred at 37 °C. After stirring for 3 h, the reaction was cooled

to room temperature, and the corresponding product 5f or 3t was purified by the following method.

Synthesis of Compound 8 or 9: To a 25 mL vial equipped with a stirring bar were added CuSO4 (0.05
mmol, 1.0 equiv), sodium ascorbate (0.05 mmol, 1.0 equiv), the corresponding azide compound 6 or 7
(0.075 mmol, 1.5 equiv), and gem-difluoroallylated phenol 5f or 3t (0.05 mmol, 1.0 equiv) under air. THF
(2 mL) and H20 (2 mL) were added subsequently. The mixture was stirred for 6 h, and the corresponding

product 8 or 9 was purified by the following method.

Ho, P (S)-2-((2S,11S)-2-benzyl-11-(4-((1,1-
HO"Q New o o J;EHD o difluoro-2-(4-(1-(((2R,3R,4S,5R,6S)-
Nm MN/\JNJ&H I N%NHZ 3,4,5,6-tetrahydroxytetrahydro-2H-

Y pyran-2-yl)methyl)-1H-1,2,3-triazol-4-
yl)phenyl)allyl)oxy)benzyl)-4,7,10,13-tetraoxo-3,6,9,12-tetraazatetradecanamido)-4-
methylpentanamide (8). Compound 8 (37.1 mg, 76% yield) was purified by washing with H.O and
petroleum ether. *H NMR (400 MHz, CDz0D) § 8.11 (d, J = 7.2 Hz, 1 H), 7.58 (d, J = 8.0 Hz, 2 H), 7.35
(d, J=8.0Hz, 2 H), 7.03 -6.90 (m, 8 H), 6.84 (d, J =8.4 Hz, 2 H), 5.73 (s, 1 H), 5.58 (s, 1 H), 4.42 (dd,

J=14.8 Hz, 6.4 Hz, 2 H), 4.37 — 4.13 (m, 4 H), 4.10 — 4.04 (m, 1 H), 3.80 — 3.73 (m, 1 H), 3.67 — 3.51
(m, 5 H), 3.49 — 3.41 (m, 2 H), 3.29 — 3.24 (m, 1 H), 3.05 (s, 2 H), 2.95 — 2.85 (m, 2 H), 2.78 — 2.63 (m,
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2 H), 1.67 (s, 3 H), 1.42 — 1.28 (m, 3 H), 0.65 (d, J = 4.8 Hz, 3 H), 0.61 (d, J = 4.8 Hz, 3 H). 1°F NMR
(376 MHz, CDs0D) § -68.1 (s, 2 F). 3C NMR (126 MHz, CDs0OD) § 177.4, 174.5, 173.8, 173.5, 172.3,
171.9, 150.5, 142.6 (t, J = 29.7 Hz), 138.3, 136.2 (d, J = 3.3 Hz), 136.1, 132.0 (d, J = 5.2 Hz), 131.4,
130.4, 129.6, 129.3, 127.9, 126.5, 123.7 (d, J = 19.7 Hz), 123.0 (t, J = 262.7 Hz), 120.5, 98.7, 94.3, 74.7
(d, J = 14.7 Hz), 73.4, 71.5, 70.8 (d, J = 19.2 Hz), 70.2 (d, J = 19.2 Hz), 56.6 (d, J = 10.6 Hz), 53.1, 52.7
(d, J = 15.8 Hz), 49.8, 43.9, 43.6, 41.7, 38.3, 37.8, 25.8, 23.6, 22.5, 21.7. MS (ESI): m/z (%) 978 (M+H)".
HRMS (ESI): Calcd. for CazHssO12NoF2: 978.4168 (M+H)*; Found: 978.4163 (M+H)*.

N-(3-(4-(4-(3-(4-((5R,5aR,8aR,9S)-9-
(((2R,4aR,6R,7R,8R,8aS)-7,8-dihydroxy-2-
methylhexahydropyrano[3,2-d][1,3]dioxin-6-
: yl)oxy)-6-ox0-5,53,6,8,8a,9-
hexahydrofuro[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yI)-2,6-dimethoxyphenoxy)-3,3-difluoroprop-
1-en-2-yl)phenyl)-1H-1,2,3-triazol-1-yl)propyl)-5-(dimethylamino)naphthalene-1-sulfonamide (9).

i O=5-NH

—N

Compound 9 (46.7 mg, 85% vyield) as a yellow solid (m.p. 159-164 °C) was purified with silica gel
chromatography (Methanol: Dichloromethane = 1: 35). *H NMR (500 MHz, CDCls) § 8.55 (d, J = 8.0 Hz,
1H),8.28(d,J=85Hz, 1H),8.20(d,J=7.0Hz, 1 H), 7.80 - 7.69 (m, 5 H), 7.55 (t, J = 8.0 Hz, 1 H),
7.49 (t,J=8.0Hz,1H),7.19(d,J=7.5Hz, 1 H), 6.80 (s, L H), 6.44 (s, 2 H), 6.40 (s, 1 H), 6.07 (s, 1 H),
5.96 (s, 1 H), 5.95 (s, 1 H), 5.78 (s, 1 H), 5.34 (br, 1 H), 4.93 (d, J = 3.0 Hz, 1 H), 4.71 (g, J = 5.0 Hz, 1
H), 4.54 (d, J = 9.0 Hz, 1 H), 4.51 — 4.46 (m, 1 H), 4.41 (t, J = 6.0 Hz, 2 H), 4.28 (d, J = 4.5 Hz, 1 H),
4.15 (dd, J=10.0 Hz, 5.0 Hz, 1 H), 3.96 (d, J = 7.5 Hz, 1 H), 3.75 (s, 6 H), 3.62 — 3.54 (m, 2 H), 3.44 (t,
J=8.0Hz,1H),3.32(t, J=9.0 Hz, 1 H), 3.21 (dd, J = 9.5 Hz, 5.0 Hz, 1 H), 3.17 - 3.11 (m, 1 H), 3.02 -
2.96 (m, 1 H), 2.91 - 2.85 (m, 8 H), 2.09 — 2.03 (m, 2 H), 1.34 (d, J =5.0 Hz, 3 H), 1.26 — 1.24 (m, 2 H).
F NMR (376 MHz, CDCls) § -67.1 (m, 2 F). 13C NMR (126 MHz, CDCls3) § 180.2, 154.5, 148.6, 146.4,
142.2, 141.1 (t, J = 30.1 Hz), 135.1, 134.2, 132.5, 130.7, 130.2, 129.8, 129.7, 129.4, 128.6, 128.3, 127.1,
126.1, 125.2, 123.3, 122.1 (t, J = 266.0 Hz), 120.6, 119.4, 115.4, 109.6, 108.5, 105.6, 101.4, 99.6, 99.0,
79.7,75.3,74.4,73.0,69.5, 68.1, 66.2, 56.3, 46.9, 45.4, 44.3, 44.1, 39.8, 39.4, 30.2, 29.7, 20.3. MS (ESI):
m/z (%) 1098 (M+H)*. HRMS (ESI): Calcd. for CssHs8015NsF2S: 1098.3613 (M+H)*; Found: 1098.3601
(M+H)".
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6.2 Radical Addition to the Alkenes

(0] 1
(0] 0 Hantzsch ester o R
X X _—
R S N R ,?i\/
— F F R? (08 DMF, blue-LED
(e}

3or5 10 1

Procedure: To a 25 mL of Schlenk tube were added Hantzsch ester (0.2 mmol, 2.0 equiv), redox ester
10® (0.2 mmol, 2.0 equiv), compound 3 or 5 (0.1 mmol, 1.0 equiv) under air. The reaction mixture was
then evacuated and backfilled with Ar (3 times). DMF (2 mL) was 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 the product 11.

o tert-Butyl 2-(3-(4-acetamidophenoxy)-3,3-difluoropropyl)pyrrolidine-1-
)OLNQ FF N‘Boc carboxylate (11a). Compound 1la (41.5 mg, 99% vyield) as a yellow oil was
" purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 2: 1).

'H NMR (400 MHz, DMSO-d6) § 10.00 (s, 1 H), 7.59 (d, J= 8.8 Hz, 2 H), 7.11 (d, J = 8.8 Hz, 2 H), 3.78
—3.69 (m, 1 H), 3.32 - 3.16 (m, 2 H), 2.23 — 2.06 (m, 2 H), 2.03 (s, 3 H), 1.98 — 1.86 (m, 2 H), 1.84 —
1.69 (m, 2 H), 1.68 — 1.56 (m, 2 H), 1.39 (s, 9 H). °F NMR (565 MHz, DMSO-d6, 80 °C) & -68.5 (t, J =
11.3 Hz, 2 F). C NMR (151 MHz, DMSO-d6, 80 °C) & 167.7, 153.4, 144.8, 136.6, 124.8 (t, J = 264.2
Hz), 121.3, 119.9, 77.9, 55.6, 45.8, 31.6 (t, J = 29.5 Hz), 29.6, 27.8, 26.7, 23.3, 22.5. MS (ESI): m/z (%)

421 (M+Na)*. HRMS (ESI): Calcd. for C20H2s0aN2F2Na: 421.1909 (M+Na)*; Found: 421.1906 (M+Na)".

Methyl (S)-2-(2-((tert-butoxycarbonyl)amino)acetamido)-3-
- @ (4-((7-(2,5-dimethylphenoxy)-1,1-difluoro-4,4-
oWo dimethylheptyl)oxy)phenyl)propanoate (11b). Compound
11b (38.6 mg, 61% yield) as a yellow oil was purified with silica gel chromatography (Petroleum ether:
Ethyl acetate = 2: 1). *H NMR (400 MHz, CDCl3) § 7.13 — 7.03 (m, 4 H), 7.01 (d, J = 7.2 Hz, 1 H), 6.70
—6.59 (m, 3H),5.20-5.08 (m, 1 H), 4.91-4.81 (m, 1 H),3.93 (t, J=6.0 Hz, 2 H), 3.88 - 3.79 (m, 1 H),
3.76 (d, J =5.6 Hz, 1 H), 3.70 (s, 3 H), 3.16 — 3.04 (m, 2 H), 2.31 (s, 3 H), 2.19 (5, 3 H), 2.16 — 2.03 (m,
2 H), 1.84 —1.71 (m, 2 H), 1.62 — 1.53 (m, 2 H), 1.44 (s, 9 H), 1.47 — 1.36 (m, 2 H), 0.95 (s, 6 H). 1°F

NMR (376 MHz, CDCl3) § -70.9 (t, J = 10.5 Hz, 2 F). *C NMR (126 MHz, CDCls) § 171.6, 169.2, 157.0,
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156.0, 149.6, 136.4, 132.6, 130.2, 130.1, 125.5 (t, J = 266.6 Hz), 123.5, 121.7, 120.6, 111.9, 80.3, 68.3,
53.0,52.4,44.2,37.7, 37.1, 33.5, 31.8, 31.0 (t, J = 28.6 Hz), 28.2, 26.9, 24.1, 21.4, 15.8. MS (ESI): m/z
(%) 657 (M+Na)*. HRMS (ESI): Calcd. for CasHss07N2F2Na: 657.3322 (M+Na)*; Found: 657.3327
(M+Na)™.

>(\/\/\ Q<NH (3aS,4S,6aR)-4-(7,7-Difluoro-7-(4-((2S,3R)-1-(4-
Q/Q DAVEN fluorophenyl)-3-((S)-3-(4-fluorophenyl)-3-
hydroxypropyl)-4-oxoazetidin-2-
yl)phenoxy)heptyl)tetrahydro-1H-thieno[3,4-
d]imidazol-2(3H)-one (11c). Compound 11c (19.1 mg, 28%
yield, 78% purity) as a colorless oil was purified with purified silica gel chromatography (Methanol:
Dichloromethane = 1: 15). Analytical sample was purified by reverse-phase preparative HPLC
(SHIMADZU, Shim-pack GIS, 5 um C18, 20*250 mm, methol:water = 7:3). *H NMR (400 MHz, CDCls)
06731-725(m,4H),724-719(m,2H), 7.17 (d, J = 8.0 Hz, 2 H), 7.04 — 6.97 (m, 2 H), 6.96 — 6.89
(m, 2 H), 5.11 (br, 1 H), 4.70 (t, J = 6.4 Hz, 1 H), 4.63 — 4.59 (m, 1 H), 4.54 — 4.47 (m, 1 H), 4.33 — 4.27
(m, 1 H), 3.20 —3.12 (m, 1 H), 3.11 - 3.05 (m, 1 H), 2.92 (dd, J = 12.8 Hz, 4.4 Hz, 1 H), 2.73 (d, J = 12.8
Hz, 1 H), 2.18 — 1.84 (m, 8 H), 1.70 — 1.57 (m, 4 H), 1.47 — 1.33 (m, 6 H). **F NMR (376 MHz, CDCls)
§-70.6 (t, J = 11.3 Hz, 2 F), -115.0 (m, 1 F), -117.9 (m, 1 F). *3C NMR (126 MHz, CDs0D) & 169.5,
166.2, 163.5 (d, J = 244.2 Hz), 160.5 (d, J = 242.9 Hz), 152.0, 142.2 (d, J = 2.5 Hz), 136.4, 135.1, 128.8
(d, J = 8.4 Hz), 128.4, 126.6 (t, J = 266.0 Hz), 123.5, 119.9 (d, J = 7.8 Hz), 116.8 (d, J = 23.6 Hz), 115.9
(d, J=21.5Hz), 73.7,63.5,61.7,61.6, 61.3, 57.2, 41.0, 37.4, 36.6 (t, J = 29.4 Hz), 30.3, 30.2, 29.8, 29.7,
26.1, 23.6. MS (ESI): m/z (%) 686 (M+H)*. HRMS (ESI): Calcd. for C3sH3904N3FsSNa: 708.2490
(M+Na)*; Found: 708.2486 (M+Na)*.
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Synthesis of O-Link Type DOTA-TATE
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NH o N
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TFA

e o
e B é? C o
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11d

To a 100 mL round bottle equipped with a magnetic stir bar were added TFA-Gly-Pro-OMe (1.8 g, 6
mmol, 1.2 equiv), BOP (2.65 g, 6 mmol, 1.2 equiv), 2-(4,7,10-tris(2-(tert-butoxy)-2-oxoethyl)-1,4,7,10-
tetraazacyclododecan-1-yl)acetic acid (2.86 g, 5 mmol, 1.0 equiv) and DMF (20 mL). Subsequently,
DIPEA (1.94 g, 15 mmol, 3.0 equiv) was added. After the reaction was stirred at room temperature for 24
h, H20 and EA were added. The resulting mixture was then extracted by EA 2 times. Then, the organic
layer was washed with brine three times. The combined organic phase was dried over Na>SOs, filtered,
and concentrated. The DOTA-Gly-Pro-OMe (1.43 g, 39% yield) as a yellow oil was purified with silica
gel chromatography (Methanol: Dichloromethane = 1: 100).

To a 100 mL round bottle equipped with a magnetic stir bar were added DOTA-Gly-Pro-OMe (1.4 g, 1.9
mmol, 1.0 equiv) and a solution of LiOH-H>0O (239.2 mg, 5.7 mmol, 3.0 equiv) in MeOH (16 mL) and
H20 (4 mL). After stirring at room temperature for 12 h, the reaction mixture was quenched with saturated
NH4CI solution. The resulting mixture was then extracted by EA 3 times. The combined organic phase
was dried over Na>SOq, filtered, and concentrated. Compound 12 (490.9 mg, 36% yield) as a white solid
(m.p. 127-130 <€) was purified with silica gel chromatography (Methanol: Dichloromethane = 1: 10). 'H
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NMR (400 MHz, DMSO-ds) 5 8.49 — 8.32 (m, 1 H), 4.26 — 4.05 (m, 2 H), 3.81 — 3.22 (m, 17 H), 3.03 -
2.76 (M, 6 H), 2.18 — 2.04 (m, 4 H), 1.98 — 1.84 (m, 4 H), 1.47 — 1.34 (m, 27 H). 3C NMR (151 MHz,
DMSO-ds, 80 °C) & 172.7, 172.4, 172.1 — 171.3 (m), 166.2, 80.9, 80.7, 69.5, 58.3, 56.0, 55.3, 51.0 — 48.9
(m), 45.2, 40.9, 28.2, 27.4, 27.3, 23.9. MS (ESI): m/z (%) 727 (M+H)*. HRMS (ESI): Calcd. for
CasHe3O10Ns: 727.4600 (M+H)*; Found: 727.4586 (M+H)".

To a 25 mL Schlenk tube were added 12 (0.05 mmol), N-hydroxyphthalimide (0.05 mmol), DCC (0.05
mmol), DMAP (0.005 mmol) under air, followed by DMF (0.5 mL). The reaction mixture was stirred for
6 h to give the redox esters solution. To another Schlenk tube were added Hantzsch ester (0.05 mmol) and
compounds 5e (0.01 mmol) under air. The reaction mixture was then evacuated and backfilled with Ar (3
times). The redox ester solution was added to the reaction. The resulting 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 water layers were washed with ethyl acetate three times, compound 11d (16.2 mg,
83% yield) as a brown solid was obtained after vacuum freeze-drying. **F NMR (376 MHz, CDCls) & -
69.2 (s, 1 F), -71-1 (s, 1 F). MS (ESI): m/z (%) 974 (M+2H)?*. HRMS (ESI): Calcd. for Co2H138022N1sF2S2:
974.4816 (M+2H)?*; Found: 974.4809 (M+2H)*".

6.3 Control experiment with the nonfluorinated compound.

(0] 0 ° Hantzsch ester O>(\></\/O
N
+ N R R
R R 0 (o) DMF, blue-LED
AcHN 0
10b

11e or 11e'

Entry Substruct Yield
1 R=F 11e, 99%
2 R=H 11e', 10%

N-(4-((7-(2,5-dimethylphenoxy)-1,1-difluoro-4,4-
o} o}
e ;(\XN ©

dimethylheptyl)oxy)phenyl)acetamide (11e). Compound 11e (43.3 mg,
99% vield) as a yellow solid (m.p. 83-85 <€) was purified with silica gel
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chromatography (Petroleum ether: Ethyl acetate = 2: 1). *H NMR (500 MHz, CDCl3) § 7.93 (s, 1 H), 7.51
(d,J=8.5Hz,2H),7.16 (d, J=8.5Hz, 2 H), 7.06 (d, J=7.5Hz, 1 H), 6.71 (d, J = 7.5 Hz, 1 H), 6.68 (s,
1H),3.97 (t, J=6.5Hz, 2 H), 2.36 (s, 3H), 2.24 (s, 3 H), 2.14 (s, 3 H), 2.21 - 2.09 (m, 2 H), 1.86 — 1.78
(m, 2 H), 1.66 — 1.60 (m, 2 H), 1.48 — 1.42 (m, 2 H), 0.99 (s, 6 H). *F NMR (376 MHz, CDCl3) & -70.6
(t, J =10.9 Hz, 2 F). 3C NMR (126 MHz, CDCls) § 168.7, 157.0, 146.6, 136.4, 135.2, 130.2, 125.5 (t, J
= 266.0 Hz), 123.5, 122.3, 120.9, 120.6, 111.9, 68.2, 37.7, 33.5, 31.8, 30.9 (t, J = 28.6 Hz), 26.9, 24.2,
24.1, 21.3, 15.7. MS (ESI): m/z (%) 434 (M+H)*. HRMS (ESI): Calcd. for CasHssOsNF2: 434.2501
(M+H)*; Found: 434.2502 (M+H)*.

OV\></\/O N-(4-((7-(2,5-dimethylphenoxy)-4,4-
AcHN

dimethylheptyl)oxy)phenyl)acetamide (11e"). Compound 11e’ (8.1 mg,

10% yield) as a colorless oil was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 2: 1). *H NMR (400 MHz, CDCl3) § 7.37 (d, J = 8.8 Hz, 2 H), 7.13 (s,
1H),7.00(d,J=7.6 Hz,1H),6.84 (d,J=8.8Hz, 2 H), 6.65 (d, J=7.6 Hz, 1 H), 6.62 (s, 1 H), 3.91 (t,
J=6.0Hz, 4 H),2.31(s,3H),2.18 (s, 3H),2.15 (s, 3H), 1.80 - 1.69 (m, 4 H), 1.42 - 1.33 (m, 4 H), 0.93
(s, 6 H). 13C NMR (126 MHz, CDCls) § 168.2, 157.1, 156.0, 136.4, 130.7, 130.2, 123.5, 121.9, 120.5,
114.8,111.9,69.0, 68.5,37.9, 37.7,32.3,27.1, 24.3,24.2,24.1, 21.4, 15.8. MS (ESI): m/z (%) 398 (M+H)".
HRMS (ESI): Calcd. for C2sH3s03N: 398.2690 (M+H)*; Found: 398.2684 (M+H)*.
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8. Copies of 'H, 1%F and 3C NMR Spectra of Compounds S-3 and 2f.
'H NMR spectrum of S-3 (400 MHz, CDCls)
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Chemical Formula: CzeH24F25S5i
Exact Mass: 386.1336

'H NMR (400 MHz, Chloroform-o)
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F NMR spectrum of S-3 (376 MHz, CDCls)
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13C NMR spectrum of S-3 (126 MHz, CDCls)
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Chemical Formula: CazHzgF2550

Exact Mass: 386.1336

C NME. (126 MHz, Chloroform-o)
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'H NMR spectrum of 2f (400 MHz, CDCls)
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Chemical Formula: CagHagF 5035250

Y

Exact Mass: 5501091

'HNMR (400 MHz, Chloroform-o)
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1%F NMR spectrum of 2f (376 MHz, CDCls)

WO d®
M0 D
F F 0D 0D 0D 0O 0D
L RREES
“OTf = s
Ww an Ww M
Chemical Formula: CoqH27Fs035,5i g g ; g g
Exact Mass: 550.1091 P~ P r~ ~
[ | [
*“F NMR. (376 MHz, Chloroform-¢)
—
O N
caoo
— o) —
T T T T T T T T T T T T u T T T T T T T T T T T T T T T T T T T T - I v T - T - ]
10 0 -10 -20 -30 -40 -50 -60 -0 -850 -0 -0 -110  -120  -130  -140 -150 -180 170 -180 -180 -2
f1 (ppm}

S39



13C NMR spectrum of 2f (126 MHz, CDCls)
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Chemical Formula: CsqH57F 5055250
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oTf

Exact Mass: 5501091

“C NME. (126 MHz, Chloroform-«)
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9. Copies of 'H, °F, and *C NMR Spectra of Compounds 3-12.
'H NMR spectrum of 3a (400 MHz, CDCls)
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Chemical Formula: CygHosFoN0g
Exact Mass: 371.1544
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1%F NMR spectrum of 3a (376 MHz, CDCls)
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13C NMR spectrum of 3a (126 MHz, CDCls)
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Chemical Formula: CygHo5FoMN 05

Exact Mass: 371.1544

“C NMR (126 MHz, Chloroform-«)

f1 (ppm)
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'H NMR spectrum of 3b (400 MHz, CDCls)

a09
go9

0L's
LL'9
ZL'e
S0

60°L—
Leir
mm_kﬁ\_ﬁ
FA
FA
ars
6 L7
0% 41
0541
g5 L
g5 L1
S L
7S L
e6 L
e6 L
S6'41
§6'L°

Chemical Formula; CygH14F202

Exact Mass: 316.0911

'HNMR (400 MHz, Chloroform-o)
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1%F NMR spectrum of 3b (376 MHz, CDCls)
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13C NMR spectrum of 3b (126 MHz, CDCls)
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C hemical Formula: C4gH14F202

Exact Mass: 316.0911

"C NMR (126 MHz, Chloroform-o)
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'H NMR spectrum of 3¢ (400 MHz, CDCls)
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Chemical Farmula: CoyHagF2

Exact Mass: 346.1744

'H NMR (400 MHz, Chloroform-o))
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1%F NMR spectrum of 3¢ (376 MHz, CDCls)
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13C NMR spectrum of 3¢ (126 MHz, CDCls)
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Chemical Formula: CaqHagf 202

L 02—

Exact Mass: 3461744

“C NMR. (101 MHz, Chloroform-)
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'H NMR spectrum of 3d (400 MHz, CDCls)
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1%F NMR spectrum of 3d (376 MHz, CDCls)
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13C NMR spectrum of 3d (101 MHz, CDCls)
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'H NMR spectrum of 3e (400 MHz, CDCls)
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Chemical Formula: CagHagFa0s

Exact Mass: 3721901

'HNMR (400 MHz, Chloroform-«)
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1%F NMR spectrum of 3e (376 MHz, CDCls)
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13C NMR spectrum of 3e (101 MHz, CDCls)
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Chemical Formula: CogHagF205

Exact Mass: 372.1901

“C NMF. (101 MHz, Chloroform-«)
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'H NMR spectrum of 3f (400 MHz, CDCls)
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Chemical Formula: CagHagF205

Exact Mass: 4783622

'"H NMR. (400 MHz, Chloroform-«)
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1%F NMR spectrum of 3f (376 MHz, CDCls)
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13C NMR spectrum of 3f (126 MHz, CDCls)
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Chemical Formula: CagHagFo05

Exact Mass: 478 3622

“C NME. (126 MHz, Chloroform-o)
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'H NMR spectrum of 3g (400 MHz, CDCls)

Chemical Formula: CogHogFoMNO4

Exact Mass: 417.1752
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1%F NMR spectrum of 3g (376 MHz, CDCls)
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Chemical Formula: CaaHagFaMNO4

Exact Mass: 4171752
“F NME. {376 MHz, Chloroform-o)
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13C NMR spectrum of 3g (126 MHz, CDCls)
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Chemical Formula: CagHosFM0,

Exact Mass: 417 1752

“C NME. (126 MHz, Chloroform-o)
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'H NMR spectrum of 3h (400 MHz, CDCls)
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Chemical Formula: CagHasFaNO,

Exact Mass: 4851674

"H NMR. (400 MHz, Chloroform-)

I

= Fivy
- =00

—= FG0'|

™
",

o
a
-

|- o0
- LO'L
= L6°0

) 0'C
- = 60'C
B0’y

1ty

f1 (ppm)

S62



e - 002 |4

08 £LL-1 o
8L LML o
BL AL _
L AL
CFAANES e
E_t_‘-)f !
£l LhL-—

P L]
T RANRE
Z6' )L
E.Ei
88 YLl
88 7)1
L8P

————1 -860
S e

=l

mm_mw-v =00¢

06'eg9-

Chemical Farmula: Co7Hz3F4MN05
Exact Mass: 4851614
"F NMR (376 Mz, Chloroform-c)

1%F NMR spectrum of 3h (376 MHz, CDCls)
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13C NMR spectrum of 3h (101 MHz, CDCls)
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Chemical Farmula: CasHagFaNO4

Exact Mass: 485.1614

“C NMR. (101 MHz, Chloroform-o))
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'H NMR spectrum of 3i (400 MHz, CDCls)
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Chemical Formula: CogHz6F 205

Exact Mass: 4481697

"H NME. (400 MHz, Chloroform-o)

160
JSLED
FEBO

zZo'l
Te0l

zZo'L
»E.N
=00')

f1 (ppm)

S65



F NMR spectrum of 3i (376 MHz, CDCls)
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Chemical Formula: CagHo6F205
Exact Mass: 4481697
F NMR (376 MEz, Chloroform ) i
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13C NMR spectrum of 3i (126 MHz, CDCls)
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Chemical Formula: CogHogF20g

Exact Mass: 4481697

“C NMR (126 MHz, Chloroform-<))
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'H NMR spectrum of 3j (400 MHz, DMSO-d6)
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Chemical Farmula: CozHygFaMo0g

Exact Mass: 440.1184

"H NMR (400 MHz, DMSO-d)
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F NMR spectrum of 3j (376 MHz, DMSO-d6)
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Chemical Farmula: CogHygFohlo05
Exact Mass: 440.1184
F NMR (376 MEz, DMS0-di)
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13C NMR spectrum of 3j (101 MHz, DMSO-d6)
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Chemical Formula: CosHygFaMo0s

Exact Mass: 4401184

“C NMRE. (101 MHz, DMS
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'H NMR spectrum of 3k (500 MHz, CDCls)
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Chemical Formula: CgqHa9F3N404

Exact Mass: 576.1984

'H NME. (300 MHz, Chloroform-o)
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1%F NMR spectrum of 3k (471 MHz, CDCls)
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Chemical Formula: CaqHasFsg0y4
Exact Mass: 576.1984
F NMR (471 MHz, Chloroform-<)
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13C NMR spectrum of 3k (126 MHz, CDCls)

Chernical Formula: CgqHzeF3MgOg

Exact Mass: 676,15684

“C NMR (126 MHz, Chloroform-«)
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'H NMR spectrum of 31 (400 MHz, DMSO-d6)
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Chemical Formula: ©,5H;gF O+

Exact Mass: 3458.1021

'H NMR (400 MHz, dmsa)
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F NMR spectrum of 31 (376 MHz, DMSO-d6)
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Chemical Formula: Cy5HF 2057 oo
Exact Mass: 3481021 [
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13C NMR spectrum of 31 (126 MHz, DMSO-d6)
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Chemical Formula: Cy5H4gF 207

Exact Mass: 348.1021

“C NMR (126 MHz, DMS0O-d,)
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'H NMR spectrum of 31’ (400 MHz, CDCls)
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Chemical Formula: CagHagF2044

Exact Mass: 516.1443

'HNMR (400 MHz, Chloroform-o)
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1%F NMR spectrum of 31’ (376 MHz, CDCls)
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Chemical Formula: CosHagFaO4e i i
Exact Mass: 516.1443
"“F NMR (376 MHz, Chloroform-=))
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13C NMR spectrum of 31’ (101 MHz, CDCls)
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Chemical Formula: CozHogF044

Exact Mass: 516.1443

"C NMR (101 MHz, Chloroform-=))
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'H NMR spectrum of 3m (400 MHz, CDsOD)
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Cherical Formula: CygHqgF 209

Exact Mass: 416.0919

'H NME. (400 MEHz, Methanol-d,)
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1%F NMR spectrum of 3m (376 MHz, CD3;0D)
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Chermical Farmula: CqgH4aF 20g 22
Ewnact Mass: 416.0919 [
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13C NMR spectrum of 3m (126 MHz, DMSO-d6)
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Chemical Formula: CqgHgF 05
Exact Mass: 416.0819

“C NMR (126 MHz, DMSQO)
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'H NMR spectrum of 3m’ (400 MHz, CDCls)
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Chemical Formula: CogHoeF2043

Exact Mass: 584.1341

'HNMR (400 MHz, Chloroform-o)
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1%F NMR spectrum of 3m’ (376 MHz, CDCls)
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Chemical Formula: CagHzeF2043 LY e L e
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Chemical Farmula: CosHzeF2z043
Exact Mass: 584.1341
“C NMR (126 MHz, Chloroform-«)

13C NMR spectrum of 3m’ (126 MHz, CDCls)

S85

fl (ppm)




OH

7

'H NMR spectrum of 3n (400 MHz, CDCls)
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'H NMR. (400 MHz, CDCl:)

Chemical Farmula: CagHo4F2Ns05
Ewact Mass: 449.1511




1%F NMR spectrum of 3n (376 MHz, CDCls)
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13C NMR spectrum of 3n (126 MHz, CDCls)
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Chemical Formula: CogHa4FzNs05

Exact Mass: 4491511

“C NMR (126 MHz, CDCL,)
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'H NMR spectrum of 3n’ (400 MHz, CDCls)
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Chemical Formula: CagHzF2MNs05

Exact Mass: 575 1828

'H NME (400 MEz, edel)
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1%F NMR spectrum of 3n’ (376 MHz, CDCl5)
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13C NMR spectrum of 3n’ (151 MHz, CDCls)
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Chemical Formula: CzgHz7F2MNs0g

Exact Mass: 575.1828

HCNMR (151 MHz, Chloroform-«)
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'H NMR spectrum of 30 (600 MHz, DMSO-d6)
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Chemical Formula: CasHagF2045

Exact Mass: 6641967

'H INMR (600 MHz, DMSO0)
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1F NMR spectrum of 30 (565 MHz, DMSO-d6)
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Chemical Formula: CaoHagF2044
Exact Mass: BE4. 1967
F NME. (365 MHz, DMSQ)
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13C NMR spectrum of 30 (151 MHz, DMSO-d6)
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Chemical Formula: CasHaqF20 45

Exact Mass: 664, 1967
“C NMR (151 MHz, DMSO)
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'H NMR spectrum of 3o’ (400 MHz, CDCls)
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Chemical Farmula: CagHagF20 45

Exact Mass: 7482179

'H NMR. (400 MHz, cdcl;)
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1%F NMR spectrum of 3o’ (376 MHz, CDCls)
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Chemical Formula: CagHagF20 45
Exact Mass: 7482179
F NMR. (376 MEz, cdel;)
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13C NMR spectrum of 30’(126 MHz, CDCls)
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Chemical Formula: CigHsgF20 45

Exact Mass: 748.2179

U NMR (126 MHz, odels)
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'H NMR spectrum of 3p (400 MHz, CDCls)
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Chemical Formula: CogHapF o045
Exact Mass: 448.2214
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'H NMR (400 MHz, Chloroform-«))
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1%F NMR spectrum of 3p (376 MHz, CDCls)
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Chermical Farrmula: CogHsgF205
Exact Mass: 4458.2214
F NMR (376 MHz, Chloroform-c)
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13C NMR spectrum of 3p (126 MHz, CDCls)
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Chemical Formula: CogHagFo02

Exact Mass: 448 2214

"C NMR. (126 MHz, Chloroform-o)
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'H NMR spectrum of 3q (400 MHz, CDCls)
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Exact Mass: 591.2033

'HNMR (400 MHz, Chloroform-«)

Chemical Formula: CgqHzgF N Og
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1%F NMR spectrum of 3q (376 MHz, CDCls)
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Chemical Formula: CagHogF NO4

Exact Mass: 5§91.2033

"F NMR. (376 MHz, Chloroform-d)
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13C NMR spectrum of 3q (126 MHz, CDCls)
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Chemical Formula: CagHagF 04

Exact Mass: 591.2033

“C NMR (126 MHz, Chloroform-«)
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'H NMR spectrum of 3r (400 MHz, CDCls)
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Chemical Formula: CsgHaF4NOs

Exact Mass: 633.2138

'H NMR (400 MHz, Chloroform-o)
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1%F NMR spectrum of 3r (376 MHz, CDCls)
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Chemical Formula: CagHgqF4MNOg

Exact Mass: 633.2138

“F NME. (376 MHz, Chloroform-«)
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13C NMR spectrum of 3r (126 MHz, CDCls)
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Chemical Formula: CagHa4FaNOg

Exact Mass: 633.2138

“C NMF. (126 MHz, Chloroform-o)
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'H NMR spectrum of 3s (500 MHz, CDCls)
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Cherical Formula: CasHasFaNOs

Exact Mass: 569.2553

'H NMRE (400 MHz, Chloroform-«)

I

— Fz¢¢

£09
zle

== [v6p
T

=0

f1 (ppm)

S107



1%F NMR spectrum of 3s (376 MHz, CDCls)
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Chemical Formula: CazHagFaNOS
Exact Mass: 569.2553

"F NMR (376 MHz, Chloroform-«)
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13C NMR spectrum of 3s (151 MHz, CDCls)
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Chemical Formula: CggHasFaMNOg

Exact Mass: 5692553

“C NME. (151 MHz, Chloroform-o)
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'H NMR spectrum of 3t (400 MHz, CDCls)
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Chemical Formula: CagHzgF 2042

Exact Mass: 7642280

'HNMR (400 MHz, Chloroform-o)
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1F NMR spectrum of 3t (376 MHz, CDCls)
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Chemical Formula: CagHzgF2042
Exact Mass: 764.2280
"F NIME. (376 MHz, Chloroform-o)
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13C NMR spectrum of 3t (126 MHz, CDCls)
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Chemical Formula: CagHagF 2043

Exact Mass: 764 2280

“C NMR (126 MHz, Chloroform-«)
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'H NMR spectrum of 3u (400 MHz, CDCls)

Zle—

5561
8561
181
16'G7
1651
6651
0091
0091
109
0’9
t0'9-]
0’9
mg_&
109

b4~
ANEE
b i~
a2

—

Zl'8—

Chemical Formula: CqqH1FzMNO2

Exact Mass: 227.0758

"H NMR (400 MEHE, cddl)
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1%F NMR spectrum of 3u (376 MHz, CDCls)
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13C NMR spectrum of 3u (126 MHz, CDCls)
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Chemical Fomula: CqqHqFaNOg
Exact Mass: 227.0758
“C NMR (126 MEz, CDCL)
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Chemical Formula: CagHoeF 2N20s

H

0
Exact Mass: 428.1759

'H NMR (400 MHz, Chloroform-o)
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'H NMR spectrum of 3v (400 MHz, CDCls)
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1%F NMR spectrum of 3v (376 MHz, CDCls)
I~
0 -~
g 88
M
BocHN ™y ?)Lo/ L
O -
F. F
KT::LO)Q4¢
Chemical Formula: CaegHzeF2MN20g
Exact Mass: 428.1759
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13C NMR spectrum of 3v (126 MHz, CDCls)
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Chemical Formula: CazoHzeF 2N205
Exact Mass: 428.1759
“C NMR (126 MHz, Chloroform-<)
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'H NMR spectrum of 3w (400 MHz, CDCls)
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Chemical Formula: CyzH44FaNg05

Exact Mass: 311.0652

'H NMR. (400 MHz, Chloroform-«)
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1F NMR spectrum of 3w (376 MHz, CDCls)
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Chemical Formula: C4.H4FaMNg05
Exact Mass: 311.0652
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13C NMR spectrum of 3w (126 MHz, CDCls)
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Chemical Formula: C4.H4FaMNg05

Exact Mass: 311.0652

"C NMR (126 MHz, Chloroform-)
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'H NMR spectrum of 3x (500 MHz, CDCls)
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Chemical Formula: CyaHagF 2N4055

Exact Mass: 486.1021

'H NME. (300 MHz, Chloroform-«)

86'C

rO'e

L6
660
661

Fooy

"660
FLO)
p00'

860

Foso

S122



1%F NMR spectrum of 3x (376 MHz, CDCls)
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Chemical Formula: CagHogF sNZ055
Exact Mass: 486.1021
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13C NMR spectrum of 3x (126 MHz, CDCls)
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Chemical Farmula: CgHogFsMN4055

Exact Mass: 486,1021

“C NMR (126 MHz, Chloroform-o)
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'H NMR spectrum of 5a (400 MHz, CD3;0D)
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Exact Mass: 672.3083

'H NME. (400 MHz, Methanol-.)
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Chemical Formula: CagHaoFaNgO5
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F NMR spectrum of 5a (376 MHz, CD30D)
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13C NMR spectrum of 5a (126 MHz, CD30D)
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Chemical Formula: CgsHaoFNgO5
Exact Mass: 672.3083

HC NME (126 MHz, Methanol-d,)
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'H NMR spectrum of 5b (400 MHz, DMSO-d6)
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Chermical Formula: CarHasFaMNs0:5

Exact Mass: B16.3077

'H NMR (400 MHz, dmso)

JOLE

0z’

ElLl

£1 (ppm)

S128



1%F NMR spectrum of 5b (376 MHz, DMSO-d6)
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13C NMR spectrum of 5b (126 MHz, DMSO-d6)

Chemical Formula: GarHaeFNsOyS

Exact Mass: 816.3077

“C NME. (126 MHz, DMSO)
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'H NMR spectrum of 5¢ (600 MHz, DMSO-d6)
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Chemical Formula: CazHziFaM 430428

Exact Mass: 1151.5034

'H NMR (600 MHz, DMSO)
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1%F NMR spectrum of 5¢ (376 MHz, DMSO-d6)

—
@
W0 W
oo
N
Yy
= 5/ MH
WA | 2
g 0 R o i LRI
’JLN N N N =" NH, = oy
H H z H : H z a1 &
[n] s (0] 0] ] NH2 w0
OH “T::JRF F g ©
s 0 \/
Chemical Formula; CasHziFzN 430428
Exact Mass: 1151.5034
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13C NMR spectrum of 5¢ (151 MHz, DMSO-d6)

Chemical Formula: CezHyqFaM430423

Exact Mass: 1151.5034

“C NME. (151 MHz, DMS0O)
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'H NMR spectrum of 5d (400 MHz, CDs0D)

Cherical Formula: CagHagF2M4204252

Exact Mass: 1124.4595

'H NMR (400 MHz, Methanol-d.)
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1%F NMR spectrum of 5d (376 MHz, CD30D)

= )
©
@ O
QW
L
%
-.,\
NH G HN
&: 0 NH HN
0 0
0
— ™
Oﬁ) 0 o
@ O
NH, HoN ww
Chemical Formula: CagHygF2MN4204255 A
Exact Mass: 11244595
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13C NMR spectrum of 5d (126 MHz, CDsOD)
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Exact Mass: 1124 4585
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'H NMR spectrum of 5e (600 MHz, DMSO-d6)
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Chemical Formula: CsgH7aFaMi204452

Exact Mass: 1264 4857
'H NME. (600 MHz, DMEO)
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1%F NMR spectrum of 5e (565 MHz, DMSO-d6)
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Cherical Formula: CggHygFoMN0,45,
Exact Mass: 1264.4857
"F NME (3635 MHz, DMSO)
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13C NMR spectrum of 5e (151 MHz, DMSO-d6)

Chemical Formula: CsgHzF2N204 452

Exact Mass: 1264 4857

“C NMR (151 MHz, DMSO)
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'H NMR spectrum of 5f (500 MHz, DMSO-d6)
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Chemical Formula: CaqHagF2Mg07

Exact Mass: 772.3396

'HNMR (300 MHz, DMSO-d)
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1%F NMR spectrum of 5f (471 MHz, DMSO-d6)
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Chemical Formula: CaqHagF2MNg07
Exact Mass: 772.3396
“F NMR (471 MHz, DMSO0-cl)
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13C NMR spectrum of 5f (126 MHz, DMSO-d6)
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Chemical Formula: C44HasF2NgO7

Exact Mass: 772.3396

“C NMR (126 MHz, DMSO-,)
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'H NMR spectrum of 8 (400 MHz, CD3z0D)
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1%F NMR spectrum of 8 (376 MHz, CD30D)
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Chemical Formula: C4;H5;F2N9012

Exact Mass: 9774095

"“F NMR (376 MHz, Methanol-d)
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13C NMR spectrum of 8 (126 MHz, CD3;0D)
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Chemical Formula: C4;H5;F2N9012

Exact Mass: 977.4095

“C NMR. (126 MHz, Methanol-d.)
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'H NMR spectrum of 9 (500 MHz, CDCls)
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Chemical Farmula: CggHgrFaNg0yg5

Exact Mass: 1097.3540

MHz, Chloroform-«)

'H NMR (3
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F NMR spectrum of 9 (376 MHz, CDCls)
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13C NMR spectrum of 9 (126 MHz, CDCls)
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Chemical Formula: CgsHarFsMs0453
Exact Mass: 10973540

YT NMR (126 MHz, Chloroform-«)
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'H NMR spectrum of 11a (400 MHz, DMSO-d6)

ok
C9'1
PENS
7911
8911
5911
el 1
L1
gL 17
6417
1811
LE'L
ez

Le
elL'e
[
=]
e
e
9Z'e
gZ'e
62'¢
Pie—

60°4L
ch'i
854
094

SN

aoolL—

h

(e

Chemical Formula: CogHogFalo0y4

Exact Mass: 398.2017

"H NMR. (400 MHz, DMSO-d)
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%F NMR spectrum of 11a (565 MHz, DMSO-d6, 80 °C)
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Chemical Formula: CogHagFalN204
Exact Mass: 398 2017
"F NMR (365 MHz, DMSO-ds)
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13C NMR spectrum of 11a (151 MHz, DMSO-d6, 80 °C)
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Chemical Formula: CogHogFaMNo04

Exact Mass: 398 2017

“C NMR (151 MHz, DMS0-dl)
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'H NMR spectrum of 11b (400 MHz, CDCls)
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Chemical Formula: CagHasFaN205

Exact Mass: 634.3430

'H NME. (400 MHz, Chloroform-cf)

—F
-

2le

W o) W
;oo e
— e OM

a0°t
za'l

562
F6 0
L0t

S152



1%F NMR spectrum of 11b (376 MHz, CDCls)
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13C NMR spectrum of 11b (126 MHz, CDCls)
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Chemical Formula: CogHagFzMo 05

Exact Mass: 634.3430

“C NMR (126 MHz, Chloroform-<])
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Exact Mass: 685.2597

'HNMR (400 MHz, Chloroform-o))

Chemical Formula: CagHagFaN304S

'H NMR spectrum of 11c (400 MHz, CDCls)
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1%F NMR spectrum of 11c (376 MHz, CDCls)
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Chemical Formula: CagHagFaM2045
Exact Mass: 685.2597
“F NME. (376 MHz, Chloroform-«)
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13C NMR spectrum of 11c (126 MHz, CDzOD)

—— T

Chemical Farmula: CagHagFaN4045

Exact Mass: BB5.2597

“'C NMR. (126 MHz, Methanol-,)
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1%F NMR spectrum of 11d (376 MHz, DMSO-d6)

Chemical Formula: CozH zef 2N g0,
Exact Mass: 19469486

"“F NMR (376 MHz, DMSO-4})
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LRMS of 11d (ESI)
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LRMS of 11d (ESI)
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HRMS of 11d (ESI)

National Center for Organic Mass Spectrometry in Shanghai g,
Shanghai Institute of Organic Chemistry (ﬁ@

Chinese Academic of Sciences N dsmrmnei
High Resolution ESI-MS REPORT

Instrument: Thermo Scientific Q Exactive HF Orbitrap-FTMS
Card Serial Number: E221597

Sample Serial Number: 17-32

Operator: Songw Date: 2022/09/02

Operation Mode: ESI Positive Ton Mode
Charge: z= +2

Elemental composition search on mass 974.4809

m/z= 969.4809-979.4809

m/z Theo. Delta RDB Composition
Mass (ppm) equiv.
974.4809 974.4816 -0.70 32.01C 92 H138 022 N1g F2 572
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'H NMR spectrum of 11e (500 MHz, CDCls)
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Chemical Formula: CagHasFaMNO5

Exact Mass: 433.2429

'H NMR (500 MHz, Chloroform-o)
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1%F NMR spectrum of 11e (376 MHz, CDCls)
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13C NMR spectrum of 11e (126 MHz, CDCls)
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Chemical Formula: CagHasFaMNO5

AcHMN

Exact Mass: 433.2429

“C NMR (126 MHz, Chloroform-«])
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'H NMR spectrum of 11e’ (400 MHz, CDCls)
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Chemical Formula: CasHasNOs

Exact Mass: 397 2617

'H NMR. (400 MHz, Chloroform-o)
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13C NMR spectrum of 11e' (126 MHz, CDCls)
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Chemical Formula: CasH3sNO3

AcHN

Exact Mass: 397 2617

“C NMR (126 MHz, Chloroform-«f)
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'H NMR spectrum of 12 (400 MHz, DMSO-d6)
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Chemical Formula: CagHazMgO4g

Exact Mass: 726 4627

'H NMR (400 MHz, DMSO-d,)
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13C NMR spectrum of 12 (151 MHz, DMSO-d6, 80 °C)
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Chemical Formula: CagHaaMg0yp

Exact Mass: 726.4527

“C NMR. (151 MHz, DMSO-d,)
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