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Table S1. Conditions optimizations for the fluorocylization of 2a with 10

(0]
/O F\ I/O ~
cat,additive F
: et VA
N

B;\Ff solvent //\'\O oh

o
2a 1 3a
Entry Catalyst Additive Solvent  Temp. Time Yield™

(mol %) (I mL) (°0) (h) (%)
1 AgBF, (10) none DCM 35 12 42
2 AgBF, (10) none THF 35 12 <10
3 AgBF, (10) none MeCN 35 12 trace
4 AgBF, (10) none Dioxane 35 12 trace
5 AgBF, (10) none DCM 45 12 48
6 AgBF, (10) none DCM 55 12 84
7 AgBF, (10) none DCE 55 12 60
8 AgBF, (10) none DCE 65 12 59
9 AgNTf; (10) none DCM 55 12 66
10  AgOTFA (10) none DCM 55 12 ND
11 AgOTf (10) none DCM 55 12 42
12 AgNO; (20) none DCM 55 12 <5%
13 AgSbFs (10) none DCM 55 12 89 (74
14 AgF; (20) none DCM 55 12 <5
15 Cu(OTf), (10) none DCM 55 12 27
16 Cu(OAc); (20) none DCM 55 12 19
17 Cul (10) none DCM 55 12 trace
18 Fe(OAc), (20) none DCM 55 12 trace
19 AgSbFg (10) none DMSO 55 12 ND
20 AgSbF; (10) none NMP 55 12 ND
21 AgSbF; (10) none TFE 55 12 ND
22 AgSbFg (10) 4A Ms (34 mg) DCM 55 12 ND
23 AgSbFs (10) MgSQ, (34 mg) DCM 55 12 42
24 AgSbFs (10) Na,CO3 (2.0 equiv) DCM 55 12 ND
25 AgSbFg (10) DABCO DCM 55 12 ND

(0.4 equiv)

26 AgSbFs (10) H,O (10 pL) DCM 55 12 <10
27 AgSbF; (10) none DCM 55 3.5 90 (79'")
28 AgSbF; (10) none DCM 55 1 79
29 AgSbFg (100) none DCM 55 35 18
30 none none DCM 55 3.5 ND

[a] Reaction conditions: substrate 2a (0.1 mmol), 1 (1.5 equiv), catalyst, solvent, additive,
temperature, time. [b] 'H NMR yield with dibromomethane as internal standard. [c] ND = Not
detected. [d] Isolated yield of compound 3a.



Table S2. Conditions Optimizations for the fluorocylization of 2'a with 1

N _o (0]
o) I Cat, additive F
A - g
N Solvent Ph
Boc Ph Tt O//\'\O
2'a 1 3a

Entry Catalyst Additive Solvent  Temp. Time  Yield™
(mol %) (mL) (°C) (h) (%)
1 AgSbFs (10) none DCM (1) 60 12 21
2 AgNO; (10) none DCM (1) 60 12 ND
3 AgOTf (10) none DCM (1) 60 12 ND
4  CHsCOOAg (10) none DCM (1) 60 12 ND
5 AgNTf, (10) none DCM (1) 60 12 37
6 AgPF (10) none DCM (1) 60 12 27
7 AgBF, (10) none DCM (1) 60 12 45
8 AgBF, (10) none DCE (1) 60 12 43
9 AgBF, (10) none DCE (1) 70 12 41
10 AgBF, (20) none DCM (1) 60 12 45
11 AgBF, (100) none DCM (1) 60 12 31
12 AgBF, (10) 4A Ms (20 mg) DCM (1) 60 12 trace
13 AgBF, (10) Na,SO, (20mg)  DCM (1) 60 12 28
14 AgBF, (10) MgSO, (20 mg) DCM (1) 60 12 43
15 AgBF, (10) none DCM (0.7) 60 7 45
16 AgBF, (10) none THF (1) 60 7 trace
17 AgBF, (10) none Dioxane (1) 60 7 trace
18 AgBF, (10) none DCM (0.5) 60 6 45
19 AgBF, (10) none DCM (0.3) 60 6 47
20 AgBF, (10) none DCM (0.1) 60 6 47
21 AgBF, (10) none DCM (0.1) 60 4 49 (489
22 AgBF, (10) none DCM (0.1) 60 2 35
23 AgBF, (10) none DCM (0.1) 55 4 47
24 AgBF, (10) none DCM (0.1) 50 4 43
25 AgBF, (10) none DCM (0.1) 45 4 30

[a] Reaction conditions: substrate 2'a (0.1 mmol), 1 (1.5 equiv), catalyst, solvent, additive,
temperature, time. [b] 'H NMR yield with dibromomethane as internal standard. [c] ND = Not
detected. [d] Isolated yield of compound 3'a.



Table S3. Radiosynthesis of [*®F]-3a, [*®F]-3b, and ['®F]-3c (Two steps)

R Cl——o0 . R
. ['8F]-TBAF [Ad] \©\
N/\T/

['®F]-3a; R = OMe

18': 18 . -
Boc pn T?,0|1V: rr]r:in T,, 10 min N%Ph {‘8222 I§= gle
2 10 ("®F-Clexchage)  (18F.Fiyorination) ° 3
Entry 2 (uM) 10 solvent T, [Ag] T, RCY™

(equiv) (°C) (equiv) (°C) (%)
1 2a (0.24) 1.0 MeCN 60 AgOTf (1.0) 60 3
2 2a (0.24) 1.0 MeCN 60 AgOTf (1.0) 80 61!
3 2a (0.24) 1.0 MeCN 80 AgOTf (1.0) 80 6
4 2a (0.24) 1.0 MeCN 60  AgSbFs (1.0) 80 6!
5 2a (0.03) 1.0 MeCN 60 AgOTf (1.0) 80 ND™
6 2a (0.24) 1.0 DMSO 60 AgOTf (1.0) 80 ND
7 2a (0.24) 1.0 DMF 60 AgOTf (1.0) 80 ND
8 2a (0.24) 1.0 MeCN 60 - 80 ND
9 2b (0.24) 1.0 MeCN 60 AgOTf (1.0) 80 6+2
10 2b (0.03) 1.0 MeCN 60 AgOTf (1.0) 80 ND
11 2b (0.24) 1.0 MeCN 60 AgBF, (1.0) 80
12 2b (0.24) 1.0 MeCN 60  AgSbFs (1.0) 80 7
13 2b (0.24) 1.0 MeCN 60  AgSbFs (0.5) 80 ND
14 2b (0.24) 1.0 MeCN 60  AgSbFe(0.05) 80 ND
15 2b (0.24) 1.0 MeCN 60 - 80 ND
16 2c (0.24) 1.0 MeCN 60 AgOTf (1.0) 80 4+1
17 2c (0.03) 1.0 MeCN 60 AgOTf (1.0) 80 ND

[a] Decay corrected radiochemical yield (RCY) is calculated by dividing the 18F-activity of the
isolated product by the decay corrected starting 18F-activity. [b] ND = Not detected. [c] For 3
runs, SA = 34.2+2.1GBg/umol. [d] SA = 29.8 GBg/umol.

Specific activity: In order to determine the specific activity of the product after labeling, a
standard solution of 3a was used to establish a UV-HPLC mass curve. Reference compound
3a was dissolved in MeCN at concentration of Img/mL. 1uL, 2uL and 4L of this solution was
then analyzed by HPLC (monitored at 212 nm). The corresponding peak area in the HPLC
profile was integrated and a mass curve was acquired based on the relationship between the
UV peak area and the analyzed mass of 3a (as shown below). For example, to determine the
specific activity of radiolabeled product ([18F]-3a), 1 MBq of [18F]-3a was reinjected to the
HPLC (monitored at 212 nm). The resulting UV peak had an area of 138.3 integrated area.
Using the mass curve below, the mass of [lBF]-3a was calculated to be 8.62 ng (0.0286 nmol).
Based on the activity measured at dose-calibrator (LMBQ), the specific activity was calculated
to be 1MB@/0.0286nmol =34.9 GBg/umol. The experiment was repeated two more times and
the specific activity was determined to be 31.8 and 35.9GBg/umol, respectively at the end of
synthesis. The average specific activity was determined to be 34.2+2.1GBg/umol at the end of
synthesis.



Integrated UV area

800001

600001

40000+

20000+




Schemes S1-3
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Isolated product: Mp: 45-48 °C. *H NMR (400 MHz, CDCl,) & 7.43 — 7.28 (m, 7H), 6.92 (d, J =

8.9 Hz, 2H), 6.38 (s, 1H), 3.80 (s, 1H), 3.78 (s, 1H) ppm. **C NMR (101 MHz, CDCls) & 158.06,
153.65, 140.57, 135.30, 129.08, 128.92, 128.80, 127.38, 122.90, 114.65, 110.88, 55.68, 32.70
ppm. IR (KBr) v 3141, 2919, 2849, 1750, 1673, 1515, 1496, 1400, 1252, 1118, 1031, 978, 830,
734, 702.
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Scheme S2. The side products 4 and 5 in the template reaction

/ 2a (1.0 equiv) | |
@ AgSbFg (10 mol%) @H ©if . 3a
O + O
DCM (2 mL), 55 °C, 3.5 h
1(1.5 equiv) 4 (85%) 5 (8%)

The substrate 2a (67.8 mg, 0.20 mmol, 1.0 equiv), 1 (84 mg, 0.30 mmol, 1.5 equiv), AgSbFg
(6.8 mg, 0.02 mmol, 0.1 equiv) and DCM (2 mL) were introduced to a glass vial. The vial was
then sealed and the mixture was allowed to stir at 55 °C for 3.5 hours. After which, the reaction
mixture was concentrated to dryness and CH,Br, was added. 8% NMR yield of compound 5
was calculated by "H NMR spectroscopy using CH,Br, as the internal standard. The mixture
was purified by column chromatography (EtOAc/PE = 1/15) to afford compound 4 as a yellow
oil (66.6 mg, 85% vyield on the basis of the molality of compound 1), and compound 5 with a
few impurities (6 mg). The analytical data corresponds to those reported in the literature.
Compound 4™ 'H NMR (400 MHz, CDCl5) & 7.96 (dd, J = 7.8, 1.2 Hz, 1H), 7.62 (dd, J = 8.0,
1.6 Hz, 1H), 7.32 (td, J = 8.0, 1.3 Hz, 1H), 6.89 (td, J = 7.7, 1.6 Hz, 1H), 2.62 (brs, 1H), 1.76 (s,
6H) ppm.

Compound 5% 'H NMR (400 MHz, CDCl;) & 7.94 (dd, J = 8.0, 0.8 Hz, 1H), 7.47 (dd, J = 7.7,
1.8 Hz, 1H), 7.41 (td, J = 7.5, 1.0 Hz, 1H), 7.16 — 7.10 (m, 1H), 2.62 (s, 3H) ppm. *C NMR (101
MHz, CDCl;) 6 201.95, 144.12, 141.01, 131.96, 128.46, 128.20, 91.10, 29.64 ppm.

GCMS of reaction mixture
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Scheme S3. One-pot radiosynthesis of [°F]-3a, [*°F]-3b, and [*®F]-3c

R ['8F-TBAF R
\©\ Ccl——o0 AgOTf @\ 18p
N+ N%

BOC Ph MeCN )\O Ph
Heat, 10 min O
10
2a; R = OMe ['®F]-3a; R = OMe
2b; R = Me ['®F]-3b; R = Me
2c; R=Cl ['®F]-3¢; R=ClI



Figure S1. In vitro stability test

After HPLC purification, a fraction of purified [18F]-3a was re-injected into the HPLC to
confirm that only single radio peak was obtained at the starting point. Then, the probes were
adjusted to pH 7 with 0.1 N NaOH. Then, 10X PBS was added to each solution to reconstruct
the solution to 1X PBS. After 1 hour, 2 hours and 3 hours incubation at room temperature, a
fraction of each probe (50uCi) was injected into the HPLC.
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Figure S2. In vivo PET/CT Imaging

For PET image acquiring, nude mice was injected with 0.1 mCi of [18F]-3a in 1X PBS pH 7.5
(300 pL) via the tail vein. At post-injection time point, the mice were anesthetized using
isoflurane (2% in oxygen), then placed on the imaging cradle with body temperature
maintained. The static PET/CT acquisition were then achieved and reconstructed for analysis.

Decay corrected microPET/CT images of nude mice from a static scan at 1 hour
post-injection (A: Coronal image, B: Sagittal image) after the injection of [18F]-3a

10



1 General Information

Chemistry experiments:

All reagents and solvents were used as received from commercial suppliers unless
otherwise noted. All reactions were monitored by thin layer chromatography (TLC) with
pre-coated silica gel GF254 plates and visualized by UV (wavelength 254 nm). Column
chromatography was performed on silica gel (300-400 mesh). "H NMR spectra was recorded
on FT AM 400 (400 MHz). Chemical shifts are given in parts per million (ppm) referenced to 'H
solvent peaks (6 7.26 ppm for CDClI3, 8 2.50 ppm for DMSO-dg). The fully decoupled 3¢ NMR
was recorded on FT AM 400 (101 MHz). Chemical shifts were reported in ppm referenced to
residue *C solvent peaks (77.16 ppm for CDCls, & 39.52 ppm for DMSO-dg). The following
abbreviations were used to describe peak splitting patterns: br = broad, s = singlet, d = doublet,
t = triplet, q = quartet, dd = doublet of doublet, td = triplet of doublet, ddd = doublet of doublet of
doublet, m = multiplet. Coupling constants, J, were reported in hertz (Hz). Infrared (IR) spectra
were recorded neat in KBr cell. Frequencies are given in centimeter inverse (cm™) and only
selected absorbance is reported. High resolution mass spectra (ESI) were obtained by using
the UHD Accurate-Mass Q-TOF. High resolution mass spectra (El) were obtained from
National Center for Organic Mass Spectrometry, Shanghai Institute of Organic Chemistry.
Melting points were measured with SGW X-4 micro melting point apparatus.

Radiochemistry experiments:

All chemicals are analytical grade and used without further purification. Analytical
reversed-phase high-performance liquid chromatography (HPLC) was accomplished on a
SHIMADZU chromatography system (Model CBM-20A). The A absorbance detector and the
model 2200 scaler ratemeter radiation detector were added to the HPLC system. HPLC was
performed on a Phenomenex, Kinetex® 5um EVO C18 100 A, 250 x 4.6 mm LC Column with a
flow of 1 mL/min.

11



2 Preparation and characterization of Substrates

2.1 Synthesis of substrates 2a-2f, 2h, 2x®!

R
- Br/\l/ NaH hNy 2a-2f, 2h R, = Ph
"“NHBoc + ——  Boc 2

R, DMF R,
s1 s2 2a-2f, 2h, 2x 2x R; = Me

The typical procedure of preparing 2a (R, = 4-OMeCg¢H,4; R, = CgHs)

To a sealing tube was added NaH (60%, 264 mg, 6.6 mmol, 1.5 equiv) and 5 mL DMF,
which was filled with N, gas. The solution of S1 (1 g, 4.4 mmol, 1.0 equiv) in DMF (5 mL) was
charged to the system dropwise at 0 °C. The reaction mixture was allowed to stir at 0 °C for 1.5
hours. After which, S2 (1.14 g, 5.8 mmol, 1.3 equiv) was added. The reaction mixture was
allowed to stir at room temperature overnight. EtOAc (30 mL) and water (30 mL) were added
to the mixture. Then, the aqueous solution was extracted by EtOAc (30 mL x 2). The combined
organic phases were washed by brine (30 mL), dried over Na,SO, and concentrated under
reduced pressure. The residue was purified by column chromatography (eluted with EtOAc/PE
= 1/15) to afford 2a as a colorless oil (1.35 g, 91% vyield).

2.2 Synthesis of substrates 2g, 2i

R Br DCM N/\T/ Boc,O R. E S3g R = Cyclopentyl
. oc
NH, + Ph  gooc Ph S3i R= ©\/(E30Et

S3g, S3i S2 S4g, S4i 2g, 2i X

The typical procedures of preparing 2i

The solution of S3i (1.1 g, 5.7 mmol, 2.0 equiv) in DCM (10 mL) was cooled to 0 °C. The
mixture of S2 (561 mg, 2.85 mmol, 1.0 equiv) and DCM (5 mL) was dropwise added to the
system. The reaction was stirred at room temperature overnight. DCM (30 mL) and water (30
mL) were added to the mixture. Then, the aqueous solution was extracted by DCM (30 mL x 2).
The combined organic phases were washed by brine, dried with Na,SO,, concentrated and
purified by column chromatography (eluted with EtOAC/PE = 1/10) to afford S4i as a colorless
oil (500 mg, 57% vyield). "H NMR (400 MHz, CDCl;) 8 7.37 (d, J = 7.1 Hz, 2H), 7.33 = 7.17 (m,
6H), 7.14 (d, J = 7.2 Hz, 2H), 5.38 (s, 1H), 5.18 (s, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.71 (d, J =
14.2 Hz, 1H), 3.57 (t, J = 7.0 Hz, 1H), 3.47 (d, J = 14.2 Hz, 1H), 3.03 — 2.85 (m, 2H), 1.18 (t, J =
7.1 Hz, 3H) ppm.

To a sealing tube was added S4i (500 mg, 1.62 mmol, 1.0 equiv) and Boc,0O (706 mg, 3.24
mmol, 2.0 equiv).The mixture was allowed to stir at 80 °C overnight. The mixture was purified
by silica gel column directly and eluted with EtOAc/PE = 1/10 to afford product 2i as a
colorless oil (616 mg, 93% yield).

2.3 Synthesis of substrates 2j-2t

ArB(OH), (1.5 equiv)

Pd(PPhy), (0.1 equiv) Boc,0 - 4-MeOCgH,

R Br/\( THF R\N/\( K2COj3 (4.0 equiv) R\N/\( /\% for 2j-2nand 2p - 2t
NHz + B H Tolene/Water/EtOH (3/211) T Ar 80 C oc
r reflux Br Rz CoH
100 °C o 206 5
S5j-S5t S6 S7j-STt S8j-S8t 2j-2t

12



The typical procedures of preparing 2p (R = 4-MeOCgH,; Ar = 3,5-diMeCgH5)

S6 (8 g, 40 mmol, 1.0 equiv) was added to a solution of S5p (24.6 g, 200 mmol, 5.0 equiv) in
THF (100 mL). The reaction mixture was allowed to stir at 70 °C overnight. The mixture was
cooled to room temperature, and then most of the solvent was evaporated. EtOAc (100 mL)
and water (100 mL) were added to the mixture. Then, the aqueous solution was extracted by
EtOAc (50 mL x 2). The combined organic phases was dried over Na,SO4 and concentrated
under reduced pressure. The residue was purified by column chromatography (eluted with
EtOAC/PE = 1/15) to afford S7p as a dark red oil (7.88 g, 81% yield). 'H NMR (400 MHz,
CDCl3) 6 6.84 — 6.69 (m, 2H), 6.70 — 6.51 (m, 2H), 5.85 (s, 1H), 5.55 (s, 1H), 3.95 (s, 2H), 3.75
(s, 3H) ppm.

(3,5-Dimethylphenyl)boronic acid (900 mg, 6 mmol, 1.5 equiv), Pd(PPhs), (462 mg, 0.4
mmol, 0.1 equiv), and K,CO3(2.2 g, 16 mmol, 4.0 equiv) ware added to a Schlenk tube, which
was protected with N2 gas. S7p (968 mg, 4 mmol, 1.0 equiv), dissolved in solvent
(tolene/water/ethanol = 3/2/1, 18 mL), was added to the tube. The mixture was allowed to stir
at 100 °C overnight. TLC monitoring showed the complete consumption of starting material
S7p. EtOAc (30 mL) and water (30 mL) were added to the mixture. Then, the aqueous solution
was extracted by EtOAc (30 mL x 2). The combined organic phases were washed by brine,
dried with Na,SO,, concentrated and purified by column chromatography (eluted with
EtOAC/PE = 1/20) to afford S8p as a colorless oil (506 mg, 47% vyield). 'H NMR (400 MHz,
CDCl3) 5 7.06 (s, 2H), 6.96 (s, 1H), 6.82 — 6.75 (m, 2H), 6.64 — 6.56 (m, 2H), 5.42 (s, 1H), 5.28
(d, J =0.8 Hz, 1H), 4.09 (s, 2H), 3.75 (s, 3H), 3.64 (brs, 1H), 2.33 (s, 6H) ppm.

S8p (500 mg, 1.87 mmol, 1.0 equiv) and Boc,O (2 g, 9.35 mmol, 5.0 equiv) was added to a
sealing tube. The mixture was allowed to stir at 80 °C overnight. The mixture was purified by
silica gel column directly and eluted with DCM/PE (2/1) to afford product 2p as a colorless oll
(365 mg, 53% vyield).

2.4 Synthesis of substrate 2u-2v

s e
S5), Et;N R PhsPMeBr R S9u R =Me
R S9, 59 BN o BuONa )Y
N
EtOH reflux H Et,0 H S9v R = Et
Br Ph Ph

S9u-S9v S$10u-S10v S11u-S11v S12u-S12v
Boczo \©\
80 °C Bo)c\T/
2u-2v

The typical procedures of preparing 2u

To a solution of S9u (2 g, 15 mmol, 1.0 equiv) in DCM (25 mL) was added bromine (2.4 g,
15 mmol, 1.0 equiv) dropwise at 0 °C. The reaction was stirred at room temperature for 30 min.
Saturated NaHCO; solution was added to the reaction mixture. After being added Na,S,0; (1
mol/L, 2 mL), the organic phase was separated, washed by water (30 mL), brine (30 mL)
respectively and dried over anhydrous Na,SO,. The organic phase was concentrated to afford
S10u as a colorless oil (3 g, 94% vyield). 'H NMR (400 MHz, CDCy3) 6 8.05 — 8.00 (m, 2H), 7.63
—7.55 (m, 1H), 7.51 — 7.46 (m, 2H), 5.30 (g, J = 6.6 Hz, 1H), 1.91 (d, J = 6.6 Hz, 3H) ppm.

S10u (1.5 g, 7 mmol, 1.0 equiv), S5j (1.03 g, 8.4 mmol, 1.2 equiv) and triethylamine (1.4 g,
14 mmol, 2.0 equiv) in a round bottom flask were dissolved in ethanol (20 mL). The reaction
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mixture was allowed to reflux for 4 hours, until the complete consumption of S10u, which was
monitored by TLC. The mixture was cooled to room temperature, and then most of the solvent
was removed. EtOAc (30 mL) and water (30 mL) were added to the mixture. The aqueous
phase was extracted by EtOAc (30 mL x 2). The combined organic phases were washed by
brine (30 mL), dried over Na,SO, and concentrated under reduced pressure. The residue was
purified by column chromatography (eluted with EtOAc/PE = 1/10) to afford S11lu as a
colorless oil (1.69 g, 95% yield). "H NMR (400 MHz, CDCl;) 5 8.06 — 7.95 (m, 2H), 7.61 (t, J =
7.4 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 6.80 — 6.72 (m, 2H), 6.71 — 6.61 (m, 2H), 5.06 (q, J = 6.9
Hz, 1H), 3.73 (s, 3H), 1.46 (d, J = 6.9 Hz, 3H) ppm.

Methyltriphenylphosphonium bromide (2.14 g, 6 mmol, 1.5 equiv) and t-BuONa (500 mg, 5.2
mmol, 1.3 equiv) were added to a Schlenk tube, which was protected with N2 gas and cooled
to 0 °C. Then, Et,O (15 mL) was charged to the tube. The reaction was stirred at the same
temperature for 15 min, after which the color of reaction mixture turned into yellow. The
solution of S11u (1.02 g, 4 mmol, 1.0 equiv) in Et,O (5 mL) was added to the system. The
reaction was allowed to stir at room temperature overnight. Et,O (30 mL) and water (30 mL)
were added to the mixture. The aqueous phase was extracted by Et,O (20 mL x 2). The
combined organic phases were washed by brine, dried with Na,SO,, concentrated and purified
by column chromatography (eluted with EtOAc/PE = 1/30) to afford S12u as a colorless oll
(385 mg, 38% vyield). "H NMR (400 MHz, CDCl;) & 7.42 — 7.38 (m, 2H), 7.37 — 7.27 (m, 3H),
6.81 —6.73 (M, 2H), 6.63 — 6.54 (m, 2H), 5.30 (d, J = 1.0 Hz, 1H), 5.26 (d, J = 0.8 Hz, 1H), 4.35
(q, J =6.6 Hz, 1H), 3.74 (s, 3H), 3.63 (brs, 1H), 1.33 (d, J = 6.6 Hz, 3H) ppm.

To a sealing tube was added S12u (380 mg, 1.5 mmol, 1.0 equiv) and Boc,O (1.64 g, 7.5
mmol, 5.0 equiv). The mixture was allowed to stir at 80 °C overnight. The mixture was purified
by silica gel column directly and eluted with EtOAc/PE (1/20) to afford product 2u as a
colorless oil (513 mg, 97% vyield).

2.5 Synthesis of substrate 2w

. @
Th( OTf)

* CH,Br /\)
TMSCI NaH, DMF Boc

DCM/THF (4/1)
S14

Compound S14 was prepared according to literature procedures.[4]

To a round bottom flask was added S13 (700 mg, 5.3 mmol, 1.0 equiv), NBS (1.13 g, 6.4
mmol, 1.2 equiv), Yb(OTf); (81 mg, 0.13 mmol, 0.025 equiv) and solvent (DCM/THF = 4/1, 15
mL). The reaction was stirred at room temperature for 30 min. TMSCI (15 mg, 0.13 mmal,
0.025 equiv) was added and the reaction mixture was stirred for 1 hour. After water (30 mL)
were added to the mixture, the aqueous solution was extracted by DCM (20 mL x 3). The
organic phases were combined, washed by brine (30 mL), dried over Na,SO, and
concentrated under reduced pressure successively. The residue was purified by column
chromatography (eluted with PE) to afford S14 (760 mg, 90% purity, 61% vyield), which
participated in the next step without further purification. The analytical data corresponds to
those reported in the literature.” *H NMR (400 MHz, CDCl,) & 7.44 (d, J = 7.5 Hz, 2H), 7.35 (t,
J=7.6Hz, 2H), 7.29 (d, J = 7.2 Hz, 1H), 6.10 (q, J = 7.1 Hz, 1H), 4.40 (s, 2H),1.92(d, J=7.1
Hz, 3H) ppm.
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NaH (60%, 180 mg, 4.5 mmol, 1.5 equiv) and 5 mL DMF was added to a sealing tube which
was filled with N, gas. The solution of S5j (669 mg, 3 mmol, 1.0 equiv) in DMF (5 mL) was
added to the system dropwise at 0 °C. The mixture was allowed to stir at the same
temperature for 1.5 hours. After which, S14 (696 mg, 90% purity, 2.96 mmol, 1.0 equiv) was
added. The mixture was allowed to stir at room temperature for 4 hours. EtOAc (30 mL) and
water (30 mL) were added to the mixture. The aqueous phase was extracted by EtOAc (15 mL
x 2) again. The combined organic phases were washed by brine (20 mL), dried over Na,SO,
and concentrated under reduced pressure successively. The residue was purified by column
chromatography (eluted with EtOAc/PE = 1/15) to afford 2w as a white solid (654 mg, 62%
yield).

2.6 Synthesis of substrate 2y

. -
0 S5j 0 PhsPMeBr -© _O
(0] Boc,0
- NayCO, L t-BuONa d Boc0
N N Ph 80°C N Ph
H H
y

THF/H,O0 (1/1.5) Ph Et,0 Boc

s15 s16 s17 2

To a round bottom flask was added S5j (1.02 g, 8.3 mmol, 1.1 equiv), S15 (1 g, 7.6 mmol,
1.0 equiv), Na,CO3 (1.6 g, 15.2 mmol, 2.0 equiv), H,O (15 mL) and THF (10 mL). The reaction
mixture was stirred at room temperature for 4 hours. Modulating the PH value to neutral by
diluted hydrochloric acid (1 mol/L), EtOAc (50 mL) and water (50 mL) were added to the
mixture. The aqueous phase was extracted by EtOAc (30 mL x 2). The combined organic
phases were washed by brine (30 mL), dried over Na,SO,4 and concentrated under reduced
pressure successively. The residue was purified by column chromatography (eluted with
EtOAc/PE = 1/10) to afford S16 as a white solid (920 mg, 47% yield). 'H NMR (400 MHz,
CDCl;) 5 8.03 — 7.88 (m, 2H), 7.61 — 7.54 (m, 1H), 7.49 — 7.42 (m, 2H), 6.85 — 6.72 (m, 2H),
6.67 — 6.56 (M, 2H), 3.85 (brs, 1H), 3.75 (s, 3H), 3.56 (t, J = 6.1 Hz, 2H), 3.27 (t, J = 6.1 Hz, 2H)
ppm.

Methyltriphenylphosphonium bromide (3.86 g, 10.8 mmol, 3.0 equiv) and t-BuONa (1.04 g,
10.8mmol, 3.0 equiv) were added to a Schlenk tube, which was protected with N, gas and
cooled to 0 °C. Then, Et,O (25 mL) was introduced to the tube. The reaction was stirred at the
same temperature for 30 min, after which the color of the reaction mixture turned into yellow.
The solution of S16 (0.92 g, 3.6 mmol, 1.0 equiv) in Et,O (5 mL) was added to the system. The
reaction mixture was allowed to stir at room temperature for 24 hours, until the complete
consumption of S16, which was monitored by TLC. EtOAc (30 mL) and water (30 mL) were
added to the mixture. The aqueous phase was extracted by EtOAc (30 mL x 2) again. The
combined organic phases were washed by brine (30 mL), dried over Na,SO, and concentrated
under reduced pressure successively. The residue was purified by column chromatography
(eluted with EtOAc/PE = 1/15) to afford S17 as a colorless oil (800 mg, 88% yield), which

participated in the next step directly.

15



To a sealing tube was added S17 (800 mg, 3.16 mmol, 1.0 equiv) and Boc,O (2.07 g, 9.48
mmol, 3.0 equiv).The mixture was allowed to stir at 80 °C for 24 hours. The mixture was
purified by silica gel column directly and eluted with EtOAc/PE (1/10) to afford product 2y as a
colorless oil (990 mg, 89% vyield).

2.7 Synthesis of substrate 2z

: \+ -
o o -0 pPhyBr ~©
NBS, TsOH H,0 Br  S5j S21
MeCN, reflux THF H t-BuONa H v
Ph Ph
THF
S18 S$19 S20 S22

_O
=0
80°C gm

2z
Compound S19 was prepared according to literature procedures.[5]

To a sealing tube was added S18 (2.4 g, 20 mmol, 1.0 equiv), NBS (4.63 g, 26 mmol, 1.3
equiv), TsOHH,O (380 mg, 2 mmol, 0.1 equiv) and MeCN (30 mL).The reaction mixture was
heated to reflux overnight. EtOAc (50 mL) and water (50 mL) were added to the mixture. The
aqueous phase was extracted by EtOAc (30 mL x 2) again. The combined organic phases
were washed by brine (30 mL), dried over Na,SO, and concentrated under reduced pressure.
The crude product (3.64 g) was used without purification..

To a solution of S5j (4.5 g, 36.6 mmol, 2.0 equiv) in THF (80 mL) was dropwise added S19
(3.64 g, 18.3 mmol, 1.0 equiv), which was dissolved in 20 mL THF. The reaction was stirred at
room temperature until S19 consumption completed, which was monitored by TLC. Then, after
most of the solvent was removed, EtOAc (100 mL) and water (100 mL) was added to the
mixture. The aqueous phase was extracted by EtOAc (50 mL x 2). The combined organic
phases were washed by brine (20 mL), dried over Na,SO,4 and concentrated under reduced
pressure successively. The residue was purified by column chromatography (eluted with
EtOAC/PE = 1/15) to afford S20 as a yellow solid (1.14 g, 26% yield), which was used directly.

(bromomethyl)cyclopropane (2.7 g, 20 mmol, 1.0 equiv) and triphenylphosphane (5.24 g,
20 mmol, 1.0 equiv) was added to a sealing tube . The mixture was allowed to stir at 110 °C for
30 min. The reaction system was cooled to room temperature, and then EtOAc (30 mL) was
introduced. The mixture was filtered, and the white solid was washed by EtOAc three times to
afford S21 (6.2 g, 78% yield). "H NMR (400 MHz, CD5CN) & 8.00 — 7.59 (m, 15H), 3.44 (dd, J =
12.0, 6.8 Hz, 2H), 1.03 — 0.88 (m, 1H), 0.62 — 0.42 (m, 2H), 0.31 — 0.15 (m, 2H) ppm.

S21 (4.3 g, 10.8 mmol, 2.3 equiv) and t-BuONa (0.93 g, 9.4 mmol, 2.0 equiv) were added to
a Schlenk tube, which was protected with N, gas and cooled to 0 °C. Then, THF (15 mL) was
added to the tube. The reaction was stirred at the same temperature for 30 min, after which the
color of the reaction mixture turned into red. S20 (1.14 g, 4.7 mmol, 1.0 equiv) dissolved in
THF (10 mL) was added to the system. The reaction mixture was allowed to stir at room
temperature for 24 hours. The mixture was filtered and got rid of most of the solvent. EtOAc
(50 mL) and water (50 mL) were added to the mixture. The aqueous phase was extracted by
EtOAc (30 mL x 2) again. The combined organic phases were washed by brine (30 mL), dried
over Na,SO, and concentrated under reduced pressure successively. The residue was
purified by column chromatography (eluted with EtOAc/PE = 1/20) to afford S22 as a colorless
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oil (945 mg, 72% yield). "H NMR (400 MHz, CDCl3) & 7.40 — 7.18 (m, 5H), 6.84 — 6.72 (m, 2H),
6.68 — 6.51 (m, 2H), [5.30 (d, J = 9.8 Hz), 5.08 (d, J = 10.0 Hz), (1H)], [4.20 (s), 3.93 (s), (2H)],
[3.76 (s), 3.74 (s), (3H)], 1.51 — 1.39 (m, 1H), [0.92 — 0.85 (m), 0.72 — 0.62 (m), (2H)], [0.56 —
0.48 (m), 0.44 — 0.34 (m), (2H)] ppm.

To a sealing tube was added S22 (945 mg, 3.4 mmol, 1.0 equiv) and Boc,0 (2.23 g, 10.2
mmol, 3.0 equiv).The mixture was allowed to stir at 80 °C for 24 hours.The mixture was
purified by silica gel column directly and eluted with DCM/PE (1/1) to afford product 2z as a
colorless oil (1.27 g, 98% vyield).

2.8 Synthesis of substrate 2'a-2'e

Compound 2'a-2'e were synthesized according to literature procedures.m

2.9 Synthesis of substrate 2'f

Pd(PPhg), Cl o cl o
cl o K,CO4 \@\ Boc,0, DMAP
thiophen-3-ylboronic acid — > N
N
NJH/ H THF Boc
H Tolene/Water/EtOH = 3/2/1 z

4
Br o
100 °C 5 / s/
s23 S24 2'f

S23 (782 mg, 3 mmol, 1.0 equiv) which was prepared according to literature procedures, Bl

thiophen-3-ylboronic acid (684 mg, 4.5 mmol, 1.5 equiv), Pd(PPhs); (347 mg, 0.3 mmol, 0.1
equiv), and K,COs3 (2.2 g, 16 mmol, 4.0 equiv) ware added to a Schlenk tube, which was
protected with N2 gas. The solvent (tolene/water/ethanol = 3/2/1, 18 mL) was added to the tube
and the mixture was allowed to stir at 100 °C overnight. After TLC analysis showed the
complete consumption of starting material S23, EtOAc (30 mL) and water (30 mL) were added
to the mixture. The aqueous phase was extracted by EtOAc (30 mL x 2). The combined
organic phases were washed by brine, dried over Na,SO,, concentrated and purified by
column chromatography (eluted with EtOAc/CH,CI,/PE = 1/1/10) to afford S24 as a white solid
(430 mg, 54% yield). "H NMR (400 MHz, CDCl3) & 7.56 — 7.46 (m, 4H), 7.41 (dd, J = 5.0, 3.0
Hz, 1H), 7.34 — 7.28 (m, 2H), 7.22 (dd, J = 5.0, 1.3 Hz, 1H), 6.14 (s, 1H), 5.79 (d, J = 0.5 Hz,
1H) ppm.

To a round bottom flask was added S24 (150 mg, 0.57 mmol, 1.0 equiv), Boc,0 (186 mg,
0.85 mmol, 1.5 equiv), DMAP (7.3 mg, 0.06 mmol, 0.1 equiv) and THF (5 mL). The mixture
was stirred at room temperature. TLC analysis showed the complete consumption of starting
material S24. EtOAc (20 mL) and water (20 mL) were added to the mixture. The aqueous
phase was extracted by EtOAc (15 mL x 2). The combined organic phases were washed by
brine, dried over Na,SO,, concentrated and purified by column chromatography (eluted with
EtOAC/PE = 1/10) to afford 2'f as a white solid (200 mg, 96% yield).

2.10 characterization of Substrates

tert-Butyl (4-methoxyphenyl)(2-phenylallyl)carbamate (2a)
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1.35 g, 91% yield. Colorless oil. 'H NMR (400 MHz, CDCl3) & 7.40
0 (d, J = 7.1 Hz, 2H), 7.36 — 7.28 (m, 3H), 6.96 (brs, 2H), 6.78 (d, J =
\Q\NV 8.2 Hz, 2H), 5.34 (s, 1H), 5.11 (s, 1H), 4.68 (s, 2H), 3.77 (s, 3H),
Boc L. 1.41 (s, 9H) ppm. *C NMR (101 MHz, CDCl;) & 157.44, 155.00,

144.84, 139.30, 135.17, 128.32, 127.96, 127.82, 126.63, 114.27,
113.74, 80.28, 55.42, 53.80, 28.36 ppm. IR (KBr) v 3005, 2919, 2849, 1697, 1513, 1470, 1384,

1275, 1260, 764, 750. HRMS (ESI) m/z calcd. for C2;HxsNNaOs* (M + Na¥): 362.1727, Found:
362.1716.

tert-Butyl (2-phenylallyl)(p-tolyl)carbamate (2b)
532 mg, 66% yield. Colorless oil. 'H NMR (400 MHz, CDCIs) 6 7.40
\© (dd, J = 8.0, 1.3 Hz, 2H), 7.36 — 7.27 (m, 3H), 7.07 (d, J = 8.0 Hz,
N 2H), 6.99 (brs, 2H), 5.36 (s, 1H), 5.14 (s, 1H), 4.69 (s, 2H), 2.31 (s,
Boc b | 3H), 1.43 (s, 9H) ppm. °C NMR (101 MHz, CDCls) & 154.83,
144.84, 139.78, 139.39, 135.45, 129.15, 128.35, 127.84, 126.62,
126.32, 113.81, 80.40, 53.74, 28.39, 21.08 ppm. IR (KBr) v 2976, 2921, 2851, 1670, 1515,

1496, 1420, 1380, 1366, 1277, 1169, 823, 780, 705. HRMS (ESI) m/z calcd. for C,;H,sNNaO3"
(M + Na™): 346.1778, Found: 346.1769.

tert-Butyl (4-chlorophenyl)(2-phenylallyl)carbamate (2c)
Cl 503 mg, 59% vyield. Colorless oil. '"H NMR (400 MHz, CDCl;) & 7.41
—7.36 (m, 2H), 7.36 — 7.29 (m, 3H), 7.22 (d, J = 8.7 Hz, 2H), 7.02
\©\N (brs, 2H), 5.36 (d, J = 0.6 Hz, 1H), 5.10 (s, 1H), 4.70 (s, 2H), 1.43 (s,
Boc Ph 9H) ppm. *C NMR (101 MHz, CDCl,) & 154.38, 144.54, 140.76,
139.01, 131.20, 128.60, 128.42 , 128.00, 127.78, 126.57, 114.21,

80.91, 53.52, 28.32 ppm. IR (KBr) v 2979, 2920, 1701, 1493, 1367, 1275, 1261, 1164, 764,
750. 705. HRMS (ESI) m/z calcd. for C,oH2,CINNaO," (M + Na*): 366.1231, Found: 366.1235.

Methyl 4-((tert-butoxycarbonyl)(2-phenylallyl)amino)benzoate (2d)

1.12 g, 59% vyield. Colorless oil. "H NMR (400 MHz, CDCl;) &
Meooo\@\ 7.94 (d, J = 8.6 Hz, 2H), 7.36 (dd, J = 7.8, 1.5 Hz, 2H), 7.34 —

N 7.26 (m, 3H), 7.21 (d, J = 8.4 Hz, 2H), 5.36 (s, 1H), 5.11 (s, 1H),
Boc o, 4.74 (s, 2H), 3.88 (s, 3H), 1.44 (s, 9H). ppm. *C NMR (101

MHz, CDCIl;) 6 166.67, 153.99, 146.61, 144.40, 139.00, 129.96,
128.42, 128.02, 126.83, 126.46, 125.31, 113.69, 81.25, 53.27, 52.08, 28.26 ppm. IR (KBr) v
3005, 2988, 1717, 1606, 1435, 1368, 1276, 1261, 1163, 764, 750. HRMS (ESI) m/z calcd. for
C,HsNNaO," (M + Na™): 390.1676, Found: 390.1671.

tert-Butyl (3-bromophenyl)(2-phenylallyl)carbamate (2e)

700 mg, 60% yield. Colorless oil. "H NMR (400 MHz, CDCl;) &
7.39 - 7.25 (m, 7H), 7.12 (t, J = 8.1 Hz, 1H), 7.08 - 6.98 (m, 1H),
5.37 (d, J = 0.7 Hz, 1H), 5.11 (s, 1H), 4.68 (s, 2H), 1.42 (s, 9H)
NY ppm. *C NMR (101 MHz, CDCly) & 154.11, 144.42, 143.57,
Boc oy, 138.99, 129.62, 129.44, 128.69, 128.37, 127.97, 126.49, 124.88,

Br
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121.71, 113.95, 81.00, 53.49, 28.25 ppm. IR (KBr) v 3005, 2988, 1701, 1590, 1478, 1368,
1275, 1261, 1159, 764, 750. HRMS (ESI) m/z calcd. for CoH2,BrNNaO," M+ Na+): 410.0726,
Found: 410.0725.

tert-Butyl (3,5-dimethoxyphenyl)(2-phenylallyl)carbamate (2f)
773 mg, 70% yield. White solid, Mp 67-69 °C. 'H NMR (400 MHz,
CDClg) 5 7.39 (d, J = 6.9 Hz, 2H), 7.35 — 7.27 (m, 3H), 6.27 (s, 3H),
/@\ 5.36 (s, 1H), 5.14 (s, 1H), 4.67 (s, 2H), 3.70 (s, 6H), 1.43 (s, 9H)
~o N ppm. *C NMR (101 MHz, CDCl;) & 160.47, 154.44, 144.82,
Boc Ph 144.12, 139.37, 128.32, 127.84, 126.63, 113.83, 104.98, 98.23,
80.58, 55.37, 53.81, 28.38 ppm. IR (KBr) v 3005, 1698, 1594,

1457, 1367, 1275, 1260, 1155, 764, 750. HRMS (ESI) m/z calcd. for C»,H,7NNaO," (M + Na*):
392.1832, Found: 392.1828.

tert-Butyl cyclopentyl(2-phenylallyl)carbamate (29)

184 mg, 87% yield. Colorless oil. '"H NMR (400 MHz, CDCl;) & 7.39 (d,

Q J=17.2 Hz, 2H), 7.36 — 7.27 (m, 3H), 5.35 (s, 1H), 5.08 (s, 1H), 4.43
Bloc (brs, 1H), 4.11 (brs, 2H), 1.81 (brs, 2H), 1.64 (brs, 2H), 1.51 (brs, 4H),

Ph 1.45 (s, 9H) ppm. °C NMR (101 MHz, CDCl;) & 155.81, 145.67,

140.19, 128.41, 127.76, 126.33, 111.74, 79.57, 57.70, 47.68, 29.55, 28.57, 23.97 ppm. IR
(KBr) v 2975, 1693, 1456, 1365, 1275, 1261, 1169, 764, 750, 704. HRMS (ESI) m/z calcd. for
C,oH2sNNaO," (M + Na'"): 324.1934, Found: 324.1939.

tert-Butyl (2-phenylallyl)(thiophen-3-yImethyl)carbamate (2h)

370 mg, 48% yield. Colorless oil. 'H NMR (400 MHz, CDCI3) 6 7.53
(/j/\N/\% —7.38 (m, 2H), 7.37 — 7.26 (m, 3H), 7.22 (d, J = 6.1 Hz, 1H), 7.01 —
S Boc | 6.83 (M, 2H), [5.53 (s), 5.43 (), (1H)] , [5.20 (s), 5.15 (S), (LH)], 4.58
- 4.22 (m, 4H), 1.51 (s, 9H) ppm. ¥C NMR (101 MHz, CDCl3) &
155.40, 155.18, 144.19, 144.11, 140.81, 139.37, 138.66, 128.42, 128.00, 126.52, 126.36,
125.29, 114.58, 113.98, 80.52, 80.32, 49.54, 48.67, 43.69, 28.51 ppm. IR (KBr) v 2977, 2922,
2851, 1694, 1632, 1455, 1410, 1366, 1275, 1261, 1167, 764, 750, 701. HRMS (ESI) m/z calcd.
for C1oHxsNNaO,S* (M + Na*): 352.1342, Found: 352.1339.

Ethyl N-(tert-butoxycarbonyl)-N-(2-phenylallyl)phenylalaninate (2i)
616 mg, 93% vyield. Colorless oil. '"H NMR (400 MHz, CDCI3) &
©\)C\00Et 7.42 (d, J = 6.5 Hz, 1H), 7.38 - 7.14 (m, 9H), [5.46 (s), 5.34 (s),
N (1H)], 5.06 (s, 1H), [4.58 (d, J = 15.7 Hz), 4.34 (d, J = 16.3 Hz),
Boc Ph (1H)], 4.29 - 3.86 (m, 3H), 3.54 - 3.28 (m, 2H), [3.21 - 3.09 (M),
3.04 - 2.91 (m), (1H)], 1.46 (s, 9H), 1.11 - 0.97 (m, 3H) ppm. °C
NMR (101 MHz, CDCls) 6 170.92, 154.62, 144.17, 143.75, 139.40, 138.49, 129.69, 129.42,
128.52, 128.46, 128.14, 127.71, 126.59, 126.32, 115.68, 114.55, 80.83, 80.37, 60.85, 60.39,
51.41, 36.66, 35.70, 28.32, 28.22, 13.82 ppm. IR (KBr) v 3005, 2983, 1739, 1680, 1496, 1455,

1367, 1275, 1260, 1164, 764, 750, 701. HRMS (ESI) m/z calcd. for CpsHs;NNaO," (M + Na*):
432.2145, Found: 432.2144.
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tert-Butyl (2-([1,1'-biphenyl]-4-yDallyl)(4-methoxyphenyl)carbamate (2))

L
N

Boc

Ph

306 mg, 36% vyield. Colorless oil. 'H NMR (400 MHz, CDCl3) &
7.61 (d, J = 7.5 Hz, 2H), 7.57 (d, J = 7.5 Hz, 2H), 7.50 — 7.42 (m,
4H), 7.35 (t, J = 7.2 Hz, 1H), 6.97 (brs, 2H), 6.78 (d, J = 7.6 Hz,
2H), 5.40 (s, 1H), 5.13 (s, 1H), 4.71 (s, 2H), 3.78 (s, 3H), 1.41 (s,
9H) ppm. *C NMR (101 MHz, CDCl,) & 157.53, 154.96, 144.27,
140.67, 140.54, 138.08, 135.02, 128.83, 127.96, 127.38, 126.99,
126.96, 126.93, 114.26, 113.71, 80.25, 55.33, 53.72, 28.34 ppm.
IR (KBr) v 2975, 2921, 2851, 1696, 1512, 1455, 1387, 1366, 1275,

1259, 1166, 1027, 834, 764, 750, 698. HRMS (ESI) m/z calcd. for C,;HsNNaO3" (M + Nab):
438.2040, Found: 438.2035.

tert-Butyl (2-(4-fluorophenyl)allyl)(4-methoxyphenyl)carbamate (2k)

L
N

Boc

600 mg, 66% yield. White solid, Mp 58-61 °C. "H NMR (400 MHz,
CDCl3) 8 7.40 — 7.32 (m, 2H), 7.03 — 6.82 (M, 4H), 6.77 (d, J = 8.4
Hz, 2H), 5.27 (s, 1H), 5.08 (s, 1H), 4.66 (s, 2H), 3.75 (s, 3H), 1.40
(s, 9H) ppm. *°F NMR (376 MHz, CDCl5) 5 -114.60 ppm. **C NMR
(101 MHz, CDCls) 8 162.49 (d, J = 246.7 Hz), 157.52, 154.88,
143.82, 135.13 (d, J = 2.7 Hz), 134.79, 128.25 (d, J = 7.9 Hz),
127.92, 115.04 (d, J = 21.3 Hz), 114.37, 113.64, 80.25, 55.31,
53.63, 28.25 ppm. IR (KBr) v 2976, 2931, 2837, 1698, 1603, 1512,

1455, 1385, 1367, 1294, 1248, 1162, 1046, 1027, 863, 835. HRMS (ESI) m/z calcd. for
C,:H»FNNaO;" (M + Na'): 380.1632, Found: 380.1631.

tert-Butyl (4-methoxyphenyl)(2-(4-methoxyphenyl)allyl)carbamate (2I)

L
N

Boc

o<

620 mg, 96% yield. White solid, 92-93 °C. 'H NMR (400 MHz,
CDCl3) & 7.34 (d, J = 8.5 Hz, 2H), 7.19 — 6.83 (m, 4H), 6.77 (d, J =
8.3 Hz, 2H), 5.26 (s, 1H), 5.01 (s, 1H), 4.65 (s, 2H), 3.81 (s, 3H),
3.77 (s, 3H), 1.41 (s, 9H) ppm. ¥C NMR (101 MHz, CDCI3) &
159.45, 157.57, 155.06, 144.13, 135.13, 131.74, 128.05, 128.02,
127.77, 113.74, 112.82, 80.27, 55.45, 55.39, 53.85, 28.41 ppm.
IR (KBr) v 3005, 1696, 1512, 1457, 1275, 1260, 1167, 834, 764,
750. HRMS (ESI) m/z calcd. for CxH,;NNaO,” (M + Na’):

392.1832, Found: 392.1831.

tert-Butyl (4-methoxyphenyl)(2-(4-(trifluoromethyl)phenyl)allyl)carbamate (2m)

L
N

Boc

CF3

296 mg, 48% yield. White solid, Mp 51-54 °C. *"H NMR (400 MHz,
CDCls) 8 7.57 (d, J = 8.3 Hz, 2H), 7.49 (d, J = 8.1 Hz, 2H), 6.88
(brs, 2H), 6.77 (d, J = 8.4 Hz, 2H), 5.39 (s, 1H), 5.19 (s, 1H), 4.69
(s, 2H), 3.77 (s, 3H), 1.38 (s, 9H) ppm. *°F NMR (376 MHz, CDCls)
5 -62.54 ppm. **C NMR (101 MHz, CDCl;) & 157.71, 154.97,
143.94, 142.81, 134.76, 129.86 (q, J = 32.4 Hz), 128.03, 127.03,
125.27 (q, J = 14.6 Hz), 124.30 (q, J = 271.9 Hz), 116.52, 113.83,
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80.51, 55.43, 53.56, 28.34 ppm. IR (KBr) v 3005, 2989, 2916, 1775, 1512, 1465, 1324, 1275,
1261, 765, 750. HRMS (ESI) m/z calcd. for Cx,H,4FsNNaO;" (M + Na"): 430.1600, Found:

430.1603.

tert-Butyl (4-methoxyphenyl)(2-(m-tolylallyl)carbamate (2n)

T
N

Boc

216 mg, 42% vyield. Colorless oil. 'H NMR (400 MHz, CDCl3) &
7.25 — 7.18 (m, 3H), 7.15 — 6.85 (m, 3H), 6.79 (d, J = 8.2 Hz,
2H), 5.35 (d, J = 0.7 Hz, 1H), 5.11 (s, 1H), 4.67 (s, 2H), 3.78 (s,
3H), 2.36 (s, 3H), 1.43 (s, 9H) ppm. *C NMR (101 MHz, DMSO)
5 156.87, 153.85, 144.01, 138.35, 137.21, 134.40, 128.38,
128.09, 127.71, 126.61, 123.17, 113.55, 113.40, 79.28, 55.05,
52.68, 27.81, 20.98 ppm. IR (KBr) v 2975, 2928, 1698, 1604,

1584, 1513, 1455, 1384, 1366, 1282, 1248, 1166, 1046, 1027, 834, 793, 765. HRMS (ESI) m/z
calcd. for C,,H,yNNaO;" (M + Na*): 376.1883, Found: 376.1882.

tert-Butyl (2-(2-methoxyphenyl)allyl)(phenyl)carbamate (20)

9N

Boc

227 mg, 80% vyield. Colorless oil. *H NMR (400 MHz, CDCl;) &
7.29 -7.21 (m, 3H), 7.21 — 7.07 (m, 4H), 6.91 (t, J = 7.4 Hz, 1H),
6.78 (d, J = 8.2 Hz, 1H), 5.25 (s, 1H), 5.14 (s, 1H), 4.64 (s, 2H),
3.63 (s, 3H), 1.42 (s, 9H) ppm. *C NMR (101 MHz, CDCl3) &
156.86, 154.67, 145.31, 143.32, 130.65, 129.89, 129.02, 128.33,
125.99, 125.20, 120.63, 114.65, 110.44, 80.31, 55.20, 54.59,

28.37 ppm. IR (KBr) v 3002, 2977, 2931, 1702, 1598, 1491, 1456, 1379, 1275, 1260, 1170,
1021, 764, 750, 697. HRMS (ESI) m/z calcd. for C,;HsNaO;" (M + Na'): 362.1727, Found:

362.1727.

tert-Butyl (2-(3,5-dimethylphenylallyl)(4-methoxyphenyl)carbamate (2p)

L
N

365 mg, 53% vyield. Colorless oil. *"H NMR (400 MHz, CDCl;) &
7.20 — 6.86 (M, 5H), 6.80 (d, J = 8.1 Hz, 2H), 5.35 (s, 1H), 5.10
(s, 1H), 4.66 (s, 2H), 3.78 (s, 3H), 2.33 (s, 6H), 1.44 (s, 9H) ppm.
13C NMR (101 MHz, CDCl,) & 157.52, 155.01, 144.98, 139.29,
137.74, 135.40, 129.47, 127.94, 124.47, 113.73, 113.54, 80.23,
55.46, 54.04, 28.39, 21.43 ppm. IR (KBr) v 2975, 2927, 1698,
1600, 1513, 1455, 1386, 1366, 1294, 1247, 1165, 1046, 1027,

851, 833. HRMS (ESI) m/z calcd. for C,3HxsNNaOs" (M + Na*): 390.2040, Found: 390.2036.

tert-Butyl (4-methoxyphenyl)(2-(thiophen-3-yl)allyl)carbamate (2q)

Q.
N

Boc
7

5/

1.23 g, 98% yield. White solid, Mp 78-81 °C. 'H NMR (400 MHz,
CDCl3) 8 7.39 (brs, 1H), 7.29 — 7.22 (m, 2H), 7.00 (brs, 2H), 6.81
(d, J=8.7 Hz, 2H), 5.42 (s, 1H), 5.05 (s, 1H), 4.65 (s, 2H), 3.77 (s,
3H), 1.45 (s, 9H) ppm. *C NMR (101 MHz, CDCl3) & 157.60,
155.09, 140.22, 139.11, 135.02, 128.00, 126.07, 125.46, 121.15,
113.75, 113.27, 80.35, 55.40, 53.82, 28.39 ppm. IR (KBr) v 3096,
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2976, 2931, 2836, 1694, 1512, 1455, 1388, 1366, 1277, 1248, 1164, 1026, 834, 764, 750.
HRMS (ESI) m/z calcd. for C1gH,3NNaO3S™ (M + Na*): 368.1291, Found: 368.1287.

tert-Butyl (4-methoxyphenyl)(2-(thiophen-2-ylallyl)carbamate (2r)

L
N

Boc

ST

625 mg, 49% yield. White solid, Mp 50-54 °C. 'H NMR (400 MHz,
CDCl3) 8 7.22 — 6.94 (m, 5H), 6.79 (d, J = 8.2 Hz, 2H), 5.44 (s,
1H), 4.99 (s, 1H), 4.62 (s, 2H), 3.78 (s, 3H), 1.42 (s, 9H) ppm. °C
NMR (101 MHz, CDCly) & 157.56, 154.90, 142.60, 137.87,
135.01, 127.79, 127.40, 124.51, 123.99, 113.75, 112.84, 80.33,
55.31, 53.64, 28.31 ppm. IR (KBr) v 3004, 2979, 2929, 1697,

1512, 1456, 1386, 1276, 1260, 1163, 1027, 833, 764, 750. HRMS (ESI) m/z calcd. for
C1oH2sNNaO3S™ (M + Na*): 368.1291, Found: 368.1289.

tert-Butyl (2-(furan-3-ylallyl)(4-methoxyphenyl)carbamate (2s)

L
N

Boc

4

-

1.07 g, 94% vyield. White solid, Mp 82-84 °C. *H NMR (400 MHz,
CDCl3) 6 7.57 (s, 1H), 7.37 (t, J = 1.6 Hz, 1H), 7.02 (brs, 2H),
6.79 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 1.0 Hz, 1H), 5.28 (s, 1H),
4.94 (s, 1H), 4.49 (s, 2H), 3.77 (s, 3H), 1.41 (s, 9H) ppm. 3¢
NMR (101 MHz, CDCl3) & 157.62, 155.04, 143.18, 139.44,
135.79, 135.04, 127.97, 124.55, 113.75, 112.51, 108.34, 80.34,
55.36, 53.45, 28.35 ppm. IR (KBr) v 2976, 2932, 2837, 1694,

1642, 1513, 1456, 1390, 1367, 1283, 1248, 1163, 1025, 873, 835, 793, 765, 596. HRMS (ESI)
m/z calcd. for C1gH,3NNaO," (M + Na*): 352.1519, Found: 352.1518.

tert-Butyl (4-methoxyphenyl)(2-(9-phenyl-9H-carbazol-3-yl)allyl)carbamate (2t)

720 mg, 94% yield. Foam. ‘*H NMR (400 MHz, CDCl;) &
8.27 (s, 1H), 8.20 (d, J = 7.7 Hz, 1H), 7.66 — 7.58 (m, 4H),
7.57 — 7.38 (m, 5H), 7.36 — 7.30 (m, 1H), 7.02 (brs, 2H),
6.83 (d, J = 7.1 Hz, 2H), 5.49 (s, 1H), 5.20 (s, 1H), 4.89 (s,
2H), 3.79 (s, 3H), 1.48 (s, 9H) ppm. 3¢ NMR (101 MHz,
CDCl;) 5 157.51, 155.11, 145.08, 141.31, 140.63, 137.71,
135.22, 131.21, 129.95, 128.06, 127.53, 127.04, 126.09,

124.92, 123.57, 123.39, 120.43, 120.12, 118.34, 113.69,

113.02, 109.92, 109.56, 80.19, 55.36, 54.17, 28.41 ppm. IR (KBr) v 3006, 2988, 2927, 1696,
1598, 1511, 1457, 1365, 1275, 1260, 1165, 1026, 834, 764, 750. HRMS (ESI) m/z calcd. for
CssHaNoNaOs;" (M + Na*): 527.2305, Found: 527.2302.

tert-Butyl (4-methoxyphenyl)(3-phenylbut-3-en-2-yl)carbamate (2u)

Q.
N

Boc

513 mg, 97% yield. Colorless oil. ‘H NMR (400 MHz, CDCl;) &
7.46 (d, J = 7.3 Hz, 2H), 7.39 — 7.27 (m, 3H), 6.70 (brs, 4H), 5.68
(brs, 1H), 5.31 (s, 1H), 4.97 (d, J = 1.1 Hz, 1H), 3.77 (s, 3H), 1.42
(d, J = 6.9 Hz, 3H), 1.32 (brs, 9H) ppm. *C NMR (101 MHz,
CDCl;) & 158.15, 155.32, 149.02, 140.67, 131.82, 130.56,
128.29, 127.67, 126.92, 114.74, 113.24, 79.86, 55.32, 53.04,
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28.36, 18.01 ppm. IR (KBr) v 3051, 3002, 2977, 2934, 2836, 1689, 1512, 1456, 1386, 1367,
1322, 1247, 1167, 1076, 1048, 1032, 837, 764, 750, 697. HRMS (ESI) m/z calcd. for
C,,H,7NNaO;" (M + Na*): 376.1883, Found: 376.1883.

tert-Butyl (4-methoxyphenyl)(2-phenylpent-1-en-3-yl)carbamate (2v)
544 mg, 86% vyield. Colorless oil. 'H NMR (400 MHz, CDCl3) &

0
- \©\ 7.50 (d, J = 7.3 Hz, 2H), 7.39 — 7.27 (m, 3H), 6.72 (brs, 4H), 5.46
N (brs, 1H), 5.34 (s, 1H), 4.86 (s, 1H), 3.77 (s, 3H), 1.90 - 1.75 (m,
Boc 2H), 1.31 (brs, 9H), 1.14 (t, J = 7.3 Hz, 3H) ppm. *C NMR (101

MHz, CDCl3) & 158.21, 155.82, 147.44, 141.01, 131.76, 130.65,
128.37, 127.71, 126.89, 115.39, 113.33, 79.84, 58.76, 55.39,
28.41, 24.84, 11.48 ppm. IR (KBr) v 3005, 2986, 1689, 1512, 1456, 1387, 1275, 1260, 1167,
764, 750. HRMS (ESI) m/z calcd. for C,3H,sNNaO5"™ (M + Na®): 390.2040, Found: 390.2040.

tert-Butyl (2)-(4-methoxyphenyl)(2-phenylbut-2-en-1-yl)carbamate (2w)
0 654 mg, 62% yield. White solid, Mp 76-79 °C. *H NMR (400 MHz,
\©\ CDCl;) 8 7.30 — 7.18 (m, 5H), 6.73 (brs, 4H), 5.74 (d, J = 6.7 Hz,
NN | 1H), 4.79 (s, 2H), 3.76 (s, 3H), 1.58 (d, J = 6.9 Hz, 3H), 1.34 (s,
Boc 9H) ppm. **C NMR (101 MHz, CDCl;) & 157.80, 155.24, 141.33,
137.31, 134.25, 128.91, 128.04, 127.07, 126.84, 113.55, 79.98,
55.41, 46.47, 28.36, 13.85 ppm. IR (KBr) v 3005, 2987, 2929,

1691, 1512, 1456, 1388, 1275, 1260, 1166, 1027, 834, 764, 750, 699. HRMS (ESI) m/z calcd.
for C,,H;NNaO;" (M + Na®): 376.1883, Found: 376.1883.

tert-Butyl (2-methylallyl)(phenyl)carbamate (2x)"
@ 593 mg, 92% vyield. Colorless oil. '"H NMR (400 MHz, CDCl;) 8 7.30 (t, J
N

= 7.7 Hz, 2H), 7.24 (d, J = 7.7 Hz, 2H), 7.15 (t, J = 7.2 Hz, 1H), 4.85 (s,
B?"/ 1H), 4.82 (s, 1H), 4.17 (s, 2H), 1.76 (s, 3H), 1.45 (s, 9H) ppm. **C NMR
(101 MHz, CDCls) & 154.71, 142.96, 141.73, 128.54, 126.03, 125.58,
111.37, 80.39, 55.89, 28.34, 20.22 ppm.

tert-Butyl (4-methoxyphenyl)(3-phenylbut-3-en-1-yl)carbamate (2y)

990 mg, 89% vyield. Colorless oil. *H NMR (400 MHz, CDCls)

/O\©\ 57.35(d, J=7.1Hz, 2H), 7.32 - 7.22 (m, 3H), 7.08 (brs, 2H),
N/\)J\Ph 6.85 (d, J = 8.8 Hz, 2H), 5.33 (s, 1H), 5.07 (d, J = 0.7 Hz, 1H),
Boc 3.81 (s, 3H), 3.74 — 3.68 (m, 2H), 2.81 — 2.71 (m, 2H), 1.42

(s, 9H) ppm. *C NMR (101 MHz, CDCl3) d 157.70, 154.97,

145.43, 140.58, 135.37, 128.46, 128.38, 127.54, 125.99, 114.01, 113.91, 80.01, 55.48, 49.67,

34.18, 28.43 ppm. IR (KBr) v 2976, 2933, 2837, 1695, 1513, 1455, 1392, 1365, 1293, 1247,

1166, 1146, 1033, 835, 778, 707, 604, 575, 542. HRMS (ESI) m/z calcd. for C»,H,7NNaO5;" (M
+ Na"): 376.1883, Found: 376.1881.

tert-butyl (3-cyclopropyl-2-phenylallyl)(4-methoxyphenyl)carbamate (2z)
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0 1.27 g, 98% yield. Colorless oil. 'H NMR (400 MHz, CDCl3) &
- \©\ 7.39 — 7.22 (m, 5H), 6.97 (brs, 2H), [6.79 (d, J = 8.1 Hz),
N/\/% 6.74 (d, J = 8.1 Hz), (2H)], [5.05 (d, J = 9.6 Hz), 4.83 (d, J =

Boc 5 V 9.9 Hz), (1H)], [4.93 (s), 4.49 (s), (2H)], [3.77 (s), 3.76 (),

(3H)], 1.49 — 1.24 (m, 10H), 0.71 — 0.59 (m, 2H), 0.35 — 0.25

(m, 2H) ppm. *C NMR (101 MHz, CDCl3) & 157.79, 157.40, 154.93, 139.03, 137.38, 135.53,
134.91, 133.84, 129.26, 129.07, 128.08, 127.99, 126.91, 126.68, 113.69, 113.55, 80.03, 56.57,
55.49, 55.45, 28.39, 28.34, 11.07, 10.76, 7.55, 7.51 ppm. IR (KBr) v 3002, 2975, 2929, 2833,

1697, 1512, 1379, 1366, 1247, 1159, 1027, 833, 765, 702. HRMS (ESI) m/z calcd. for
C.sH2oNNaO;" (M + Na*): 402.2040, Found: 402.2041.

tert-Butyl phenyl(2-phenylacryloyl)carbamate (2'a)™

760 mg, 60% yield. White solid. *H NMR (400 MHz, CDCls) 5 7.49 — 7.44

O\ 0 (M, 2H), 7.42 — 7.28 (m, 6H), 7.21 — 7.15 (m, 2H), 5.78 (s, 2H), 1.22 (s,
rélo)ck( 9H) ppm. *C NMR (101 MHz, CDCl) 5 171.97, 152.53, 146.93, 138.39,

Ph | 136.23, 129.09, 128.50, 128.38, 127.99, 127.94, 126.74, 118.14, 83.78,

27.53 ppm.

tert-Butyl (4-chlorophenyl)(2-phenylacryloyl)carbamate (2'b)
680mg, 98% yield. White solid, Mp 92-93 °C. *H NMR (400 MHz,

cl O CDCl3) 6 7.46 — 7.41 (m, 2H), 7.40 — 7.29 (m, 5H), 7.15 - 7.10 (m,
NJ\*’/ 2H), 5.79 (s, 1H), 5.78 (s, 1H), 1.22 (s, 9H) ppm. ¥C NMR (101
Boc Ph

MHz, CDCIl;) & 171.85, 152.20, 146.78, 136.91, 136.16, 133.85,
129.45, 129.35, 128.61, 128.54, 126.76, 118.54, 84.23, 27.59 ppm.
IR (KBr) v 3002, 2981, 2929, 1741, 1688, 1492, 1369, 1275, 1260, 1152, 1091 1015, 843, 764,
750, 702. HRMS (ESI) m/z calcd. for C,oH,,CINNaO;" (M + Na*): 380.1204, Found: 380.1201.

tert-Butyl (4-chloropheny!)(2-(3,5-dimethylphenyl)acryloyl)carbamate (2'c)®
110 mg. 36% vyield. White solid. "H NMR (400 MHz, CDCl3) &

of
\©\ O 7.37 (d, J = 8.6 Hz, 2H), 7.12 (d, J = 8.6 Hz, 2H), 7.04 (s, 2H),
N 6.96 (s, 1H), 5.76 (s, 1H), 5.72 (s, 1H), 2.33 (s, 6H), 1.26 (s, 9H)

Boc ppm. *C NMR (101 MHz, CDCls) & 172.00, 152.27, 146.91,

138.00, 136.97, 135.91, 133.75, 130.15, 129.44, 129.29, 124.66,
117.96, 84.15, 27.59, 21.41 ppm.

tert-Butyl (4-chlorophenyl)(2-(4-fluorophenyl)acryloyl)carbamate (2'd)[3]
cl 340 mg. 45% yield. White solid. "H NMR (400 MHz, CDCl;) & 7.46
\©\ o —7.34 (m, 4H), 7.13 — 7.03 (m, 4H), 5.74 (s, 1H), 5.73 (s, 1H), 1.25
N (s, 9H) ppm. °F NMR (376 MHz, CDCl;) & -113.07 ppm. **C NMR
Boc (101 MHz, CDCl;) & 171.70, 162.89 (d, J = 248.3 Hz), 152.20,
145.74, 136.77, 133.91, 132.33 (d, J = 3.4 Hz), 129.38, 129.35,

128.66 (d, J = 8.2 Hz), 118.17, 115.56 (d, J = 21.7 Hz), 84.31,
F 27.61 ppm.
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tert-Butyl (4-chlorophenyl)(2-(4-methoxyphenyl)acryloyl)carbamate (2'e)[3]

CI< :
N

Boc

300 mg, 70% yield. White solid. 'H NMR (400 MHz, CDCl3) & 7.41
—7.32 (M, 4H), 7.15 — 7.04 (m, 2H), 6.94 — 6.82 (m, 2H), 5.69 (s,
1H), 5.64 (s, 1H), 3.82 (s, 3H), 1.25 (s, 9H) ppm. *C NMR (101
MHz, CDCls) & 172.18, 159.97, 152.35, 146.26, 137.00, 133.84,
129.44, 129.35, 128.73, 128.11, 116.37, 114.04, 84.25, 55.48,
27.67 ppm.

tert-Butyl (4-chlorophenyl)(2-(thiophen-3-yl)acryloyl)carbamate (2°f)
200 mg, 97% yield. White solid, Mp 102-105 °C. *H NMR (400 MHz, CDCl;) & 7.42 — 7.36 (m,

CI< :
N

Boc
7

!

3H), 7.32 (dd, J = 5.1, 2.9 Hz, 1H), 7.26 (dd, J = 5.0, 1.3 Hz, 1H),
7.18 — 7.11 (m, 2H), 5.76 (s, 1H), 5.68 (s, 1H), 1.27 (s, 9H) ppm.
¥C NMR (101 MHz, CDCl3) & 171.56, 152.44, 141.60, 137.16,
136.92, 133.90, 129.45, 129.32, 126.22, 125.85, 122.86, 116.74,
84.47, 27.59 ppm. IR (KBr) v 3005, 2988, 1741, 1687, 1491, 1345,
1275, 1260, 1152, 1091, 1016, 765, 750, 704. HRMS (ESI) m/z

calcd. for C1gH:5CINNaO;S™ (M + Na™): 386.0588, Found: 386.0587.
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3 General Procedures for the fluorocyclizations

3.1 Procedures for the fluorocyclizations of 2a-2y

F Rs
R, Ar N—Q R, |
< AgSbFg, DCM N Sar
1\’%)\“[1)\‘ + —»T t R P N 0
oc Rs , i \g/
2 1 3

Compound 3. The substrate 2 (0.2 mmol, 1.0 equiv), the required amount of compound 1,
AgSbFg (6.8 mg, 0.02 mmol, 0.1 equiv) and DCM (2 mL) were introduced to a glass vial. The
vial was then sealed and the mixture was allowed to stir at the matched temperature for the
required time. After which, the reaction mixture was concentrated to dryness and CH,Br, was
added. The NMR yield was calculated by *H NMR spectroscopy using CH,Br, as the internal
standard and the dr value was determined from *°F NMR spectrum analysis. The mixture was
purified by column chromatography to afford product 3.

3.2 Procedures for the fluorocyclizations of 2'a-2'f
O
AgBF4 DCM ”\N&\
Arq< J\]/ )\
60 C, an o7 0 A
3

Compound 3'. The substrate 2' (0.2 mmol, 1.0 equiv), compound 1 (0.3 mmol, 1.5 equiv),
AgBF, (3.8 mg, 0.02 mmol, 0.1 equiv) and DCM (0.2 mL) were introduced to a glass vial. The
vial was then sealed and the mixture was allowed to stir at 60 °C for 4 hours. After which, the
reaction mixture was concentrated to dryness and CH,Br, was added. The NMR yield was
calculated by "H NMR spectroscopy using CH.Br, as the internal standard. The mixture was
purified by column chromatography to afford product 3'.

3.3 Characterization of Products

5-Benzyl-5-fluoro-3-(4-methoxyphenyl)oxazolidin-2-one (3a)
e 47.6 mg, 79% yield. White solid, Mp 123-129 °C. *H NMR (400
\©\ MHz, CDCl3) 6 7.40 — 7.29 (m, 7H), 6.90 — 6.84 (m, 2H), 4.04,
N/>L\ 3.89 (ABq, J =10.9 Hz, 1H), 3.96, 3.84 (ABq, J = 10.9 Hz, 1H),
J~d  Ph| 378 (s, 3H), 3.46 — 3.27 (m, 2H) ppm. *°F NMR (376 MHz,
CDCls) 8 -92.52 ppm. **C NMR (101 MHz, CDCl;) & 156.96,
152.32 (d, J = 1.7 Hz), 132.23 (d, J = 4.2 Hz), 130.37, 130.20,
128.95, 128.03, 120.68, 114.49, 112.31 (d, J = 233.1 Hz), 55.58, 54.10 (d, J = 30.6 Hz), 42.03
(d, 3 =29.1 Hz) ppm. IR (KBr) v 3005, 2990, 1771, 1515, 1456, 1339, 1275, 1360, 1080, 828,

764, 750, 704. HRMS (ESI) m/z calcd. for C;;H;sFNNaO;" (M + Na'): 324.1006, Found:
324.1002.

5-Benzyl-5-fluoro-3-(p-tolyl)oxazolidin-2-one (3b)

26



41.4 mg, 73% yield. White solid, Mp 115-117 °C. *H NMR (400
\© MHz, CDCl3) & 7.40 - 7.28 (m, 7H), 7.15 (d, J = 8.6 Hz, 2H),

N/y'i\ 4.04,3.92 (ABqg, J = 10.9 Hz, 1H), 3.96, 3.86 (ABq, J = 10.9Hz,

//\\o Ph | 1H), 3.46 —3.28 (m, 2H), 2.31 (s, 3H) ppm. °F NMR (376 MHz,
CDCl3) & -92.40 ppm. *C NMR (101 MHz, CDCl3) & 152.13,
134.70, 132.25 (d, J = 4.3 Hz), 130.42, 129.86, 129.04, 128.11,
118.69, 112.31 (d, J = 233.1 Hz), 53.77 (d, J = 30.7 Hz), 42.15 (d, J = 29.1 Hz), 20.90 ppm. IR
(KBr) v 3033, 3006, 2986, 2921, 2851, 1774, 1517, 1468, 1404, 1335, 1275, 1261, 1080, 976,

810, 764, 750, 702. HRMS (ESI) m/z calcd. for C17H:sFNNaO,* (M + Na*): 308.1057, Found:
308.1045.

5-Benzyl-3-(4-chlorophenyl)-5-fluorooxazolidin-2-one (3c)
cl 46.4 mg, 76% yield. White solid, Mp 123-125 °C. *H NMR (400
MHz, CDCl;) 5 7.44 — 7.27 (m, 9H), 4.04, 3.91 (ABq, J = 10.8
\©\N/>f/\ Hz, 1H), 3.96, 3.86 (ABg, J = 10.8 Hz, 1H), 3.47 — 3.29 (M, 2H)
//\\o Phl  ppm. *F NMR (376 MHz, CDCl;) 5 -92.42 ppm. *C NMR (101
0 MHz, CDCl;) & 151.90, 135.81, 132.00 (d, J = 4.2 Hz), 130.39,
130.18, 129.36, 129.08, 128.20, 119.66, 112.24 (d, J = 233.9 Hz), 53.51 (d, J = 30.8 Hz),
42.03 (d, J =28.9 Hz) ppm. IR (KBr) v 3005, 2986, 1771, 1496, 1338, 1275, 1261, 1094, 1080,

978, 826, 764, 750, 704. HRMS (ESI) m/z calcd. for C1gH1,CIFNO," (M + H"): 306.0692, Found:
306.0688.

Methyl 4-(5-benzyl-5-fluoro-2-oxooxazolidin-3-yl)benzoate (3d)
MeOOC 27.7 mg, 42% yield. White solid, Mp 136-140 °C. 'H NMR
\©\ i (400 MHz, CDCl5) & 8.02 (d, J = 8.7 Hz, 2H), 7.53 (d, J =
N% 8.7 Hz, 2H), 7.40 — 7.29 (m, 5H), 4.09, 3.98 (ABq, J = 10.9
//\\o Ph| Hz, 1H), 4.01, 3.93 (ABq, J = 10.9 Hz, 1H), 3.90 (s, 3H),
< 3.49 — 3.30 (m, 2H) ppm. *°F NMR (376 MHz, CDCl;) &
-92.28 ppm. *C NMR (101 MHz, CDCl;) & 166.44, 151.72, 141.16, 131.93 (d, J = 4.2 Hz),
131.01, 130.41, 129.14, 128.27, 126.24, 117.51, 112.27 (d, J = 234.1 Hz), 53.36 (d, J = 30.8
Hz), 52.27, 42.06 (d, J = 28.9 Hz) ppm. IR (KBr) v 3033, 3004, 2951, 2920, 2849, 1778, 1717,

1608, 1517, 1497, 1281, 1187, 1112, 980, 853, 767, 748, 703. HRMS (ESI) m/z calcd. for
C1sH1sFNNaO," (M + Na'): 352.0956, Found: 352.0956.

5-Benzyl-3-(3-bromophenyl)-5-fluorooxazolidin-2-one (3e)
Br 41.4 mg, 59% vyield. White solid, Mp 114-118 °C. ‘H NMR (400
MHz, CDCl3) & 7.59 (t, J = 1.9 Hz, 1H), 7.48 — 7.31 (m, 6H), 7.30 —
7.25 (m, 1H), 7.21 (t, J = 8.1 Hz, 1H), 4.03, 3.92 (ABq, J = 10.8 Hz,
N% 1H), 3.96, 3.87 (ABq, J = 10.8 Hz, 1H), 3.48 — 3.28 (m, 2H) ppm.
)\o Ph| 'F NMR (376 MHz, CDCl;) & -92.30 ppm. *C NMR (101 MHz,
S CDCl3) 6 151.73, 138.48, 131.95 (d, J = 4.3 Hz), 130.62, 130.39,
129.11, 128.23, 127.83, 123.08, 121.27, 116.89, 112.26 (d, J = 234.0 Hz), 53.39 (d, J = 30.8
Hz), 42.00 (d, J = 28.8 Hz) ppm. IR (KBr) v 3004, 2990, 2920, 2849, 1779, 1593, 1482, 1339,
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1275, 1261, 1080, 992, 938, 764, 750, 700. HRMS (ESI) m/z calcd. for C;6H.14BrFNO," (M +
H"): 350.0186, Found: 350.0184.

5-Benzyl-3-(3,5-dimethoxyphenyl)-5-fluorooxazolidin-2-one (3f)
~ 27.1 mg, 41% vyield. Colorless oil. 'H NMR (400 MHz, CDCly)
57.40 — 7.30 (m, 5H), 6.64 (d, J = 2.1 Hz, 2H), 6.25 (t, J = 2.1
Hz, 1H), 4.01, 3.89 (ABq, J = 10.9 Hz, 1H), 3.93, 3.84 (ABq, J
~o N% = 10.9 Hz, 1H), 3.77 (s, 6H), 3.45 — 3.27 (m, 2H) ppm. “°F
//\\o ph| NMR (376 MHz, CDCly) & -92.27 ppm. **C NMR (101 MHz,
o CDCl;) 6 161.37, 151.87, 139.05, 132.15 (d, J = 4.3 Hz),
130.40, 129.05, 128.14, 112.18 (d, J = 233.2 Hz), 97.21,
96.67, 55.63, 53.77 (d, J = 30.7 Hz), 42.08 (d, J = 29.1 Hz) ppm. IR (KBr) v 3005, 2984, 1771,
1596, 1456, 1275, 1261, 1205, 1156, 1012, 764, 750, 704. HRMS (ESI) m/z calcd. for

CisH1sFNNaO," (M + Na'): 354.1112 Found: 354.1112

5-Benzyl-3-cyclopentyl-5-fluorooxazolidin-2-one (39)
41.0 mg, 78% yield. White solid, Mp 79-82 °C. *H NMR (400 MHz,
O\ E CDCl;) 8 7.37 — 7.27 (m, 5H), 4.16 (p, J = 8.1 Hz, 1H), 3.57 — 3.18
N% (m, 4H), 1.95 — 1.82 (m, 1H), 1.81 — 1.69 (m, 1H), 1.67 — 1.50 (m,
O)\O Phl 4H), 1.50 - 1.39 (m, 1H), 1.36 — 1.24 (m, 1H) ppm. *°F NMR (376
MHz, CDCl;) & -93.00 ppm. *C NMR (101 MHz, CDCl;) & 154.64,
132.54 (d, J = 4.3 Hz), 130.29, 128.83, 127.85, 113.11 (d, J = 232.5 Hz), 54.47, 49.57 (d, J =
30.4 Hz), 42.20 (d, J = 29.6 Hz), 29.37, 28.68, 23.89, 23.81 ppm. IR (KBr) v 3005, 2989, 1771,
1456, 1275, 1260, 1040, 908, 765, 704. HRMS (ESI) m/z calcd. for C;5H,sFNNaO," (M + Na™):
286.1214, Found: 286.1214.

5-Benzyl-5-fluoro-3-(thiophen-3-ylmethyl)oxazolidin-2-one (3h)
43.8 mg, 75% yield. White solid, Mp 68-72 °C. "H NMR (400 MHz,

F
(/TN% CDCly) 5 7.36 — 7.28 (m, 3H), 7.28 — 7.19 (m, 3H), 6.95 — 6.90 (m,
S O)\o Ph

1H), 6.84 (d, J = 3.3 Hz, 1H), 4.57 (s, 2H), 3.54, 3.43 (ABq, J =
10.8 Hz, 1H), 3.46, 3.37 (ABq, J = 10.8 Hz, 1H), 3.32 — 3.17 (m,
2H) ppm. F NMR (376 MHz, CDCl3) & -93.09 ppm. **C NMR (101 MHz, CDCl;) & 154.74,
137.07,132.29 (d, J = 4.7 Hz), 130.33, 128.86, 127.88, 127.20, 127.12 , 126.22, 113.10 (d, J =
233.9 Hz), 52.03 (d, J = 30.3 Hz), 42.38, 42.07 (d, J = 29.4 Hz) ppm. IR (KBr) v 3005, 2989,
1776, 1473, 1275, 1261, 1029, 897, 765, 750, 703. HRMS (ESI) m/z calcd. for C;sH;sFNO,S”
(M + H"): 292.0802, Found: 292.0807.

Ethyl 2-(5-benzyl-5-fluoro-2-oxooxazolidin-3-yl)-3-phenylpropanoate (3i)

48.9 mg, 66% vyield, dr = 1.3:1. Colorless oil. "H NMR (400

©\/C€C)Et . MHz, CDCl;) 8 7.38 — 7.14 (m, 9H), 7.06 — 7.00 (m, 1H), [4.77
N% (dd, J =10.4, 5.6 Hz), 4.74 (dd, J = 10.6, 5.5 Hz), (1H)], 4.23 —

o//\\o Ph | 4.07 (m, 2H), 3.91 — 3.36 (M, 2H), 3.35 — 3.04 (m, 3H), 2.95 —

2.81 (m, 1H), [1.23 (t, J = 7.1 HZ), 1.18 (t, J = 7.1 Hz), (3H)]
ppm. °F NMR (376 MHz, CDCl3) & -92.12, -94.35 ppm. *C NMR (101 MHz, CDCl;) & 169.95,
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169.81, 155.15 (d, J = 1.5 Hz), 154.92 (d, J = 1.4 Hz), 135.71, 135.63, 132.33 (d, J = 3.2 H2),
132.31 (d, J = 4.7 Hz), 130.38, 130.30, 128.92, 128.89, 128.85, 128.81, 128.69, 128.54,
127.89, 127.85, 127.36, 127.29, 113.42 (d, J = 234.4 Hz), 113.38 (d, J = 234.5 Hz), 61.92,
61.83, 56.63, 56.54, 50.60 (d, J = 29.6 Hz), 50.48 (d, J = 30.7 Hz), 42.18 (d, J = 28.9 Hz),
42.06 (d, J = 29.5 Hz), 35.48, 35.18, 14.14 ppm. IR (KBr) v 3005, 2989, 1779, 1738, 1456,
1275, 1261, 1031, 897, 765, 750, 703. HRMS (ESI) m/z calcd. for CoH,,FNNaO,” (M + Na*):
394.1425, Found: 394.1425.

5-([1,1'-Biphenyl]-4-yImethyl)-5-fluoro-3-(4-methoxyphenyl)oxazolidin-2-one (3j)
59.6 mg, 79% yield. White solid, Mp 197-201 °C. 'H NMR

(e}
g \©\ . (400 MHz, CDCl3) & 7.59 (d, J = 7.9 Hz, 4H), 7.49 — 7.39(m,
N 4H), 7.39 — 7.31 (m, 3H), 6.88 (d, J = 9.1 Hz, 2H), 4.08, 3.95
O)NO (ABg, J = 10.9 Hz, 1H), 4.00, 3.89 (ABq, J = 10.9 Hz, 1H),
3.78 (s, 3H), 3.55 — 3.29 (m, 2H) ppm. °F NMR (376 MHz,
Phl - cbcl) 5 -92.48 ppm. *C NMR (101 MHz, CDCls) & 157.01,

152.33, 140.99, 140.53, 131.20 (d, J = 4.1 Hz), 130.81, 130.24, 128.95, 127.67, 127.63,
127.17, 120.70, 114.54, 112.32 (d, J = 233.2 Hz), 55.62, 54.20 (d, J = 30.6 Hz), 41.75 (d, J =
29.2 Hz) ppm. IR (KBr) v 3006, 2919, 2849, 1765, 1748, 1520, 1470, 1275, 1259, 1158, 824,
764, 750, 692. HRMS (ESI) m/z calcd. for C,3H,,FNO3™ (M + HY): 378.1500, Found: 378.1495.

5-Fluoro-5-(4-fluorobenzyl)-3-(4-methoxyphenyl)oxazolidin-2-one (3k)
41.5 mg, 65% yield. White solid, Mp 124-126 °C. *H NMR

/o\©\ (400 MHz, CDCls) & 7.37 — 7.27 (m, 4H), 7.05 (t, J = 8.5
NS Hz, 2H), 6.88 (d, J = 8.9 Hz, 2H), 4.04 — 3.83 (m, 2H), 3.78
23 (s, 3H), 3.43 — 3.23 (m, 2H) ppm. °F NMR (376 MHz,

© CDCly) 5 -93.10, -114.22 ppm. **C NMR (101 MHz, CDCls)

£ | ©162.64(d, J =246.9 Hz), 157.06, 152.23, 132.03 (d, J =

8.1 Hz), 130.13, 127.96 (t, J = 3.7 Hz), 120.72, 115.93 (d,
J =21.4 Hz), 114.56, 112.07 (dd, J = 233.0, 1.2 Hz), 55.63, 54.19 (d, J = 30.6 Hz), 41.32 (d, J
=29.6 Hz) ppm. IR (KBr) v 3008, 2992, 2920, 2845, 1771, 1760, 1512, 1275, 1258, 1080, 826,
764, 750. HRMS (ESI) m/z calcd. for Cy7H16FoNO5" (M + H'): 320.1093, Found: 320.1091.

5-Fluoro-5-(4-methoxybenzyl)-3-(4-methoxyphenyl)oxazolidin-2-one (3I)

44.2 mg, 66% vyield. White solid, Mp 135-137 °C. *H NMR

/O\©\ (400 MHz, CDCl5) § 7.32 (d, J = 9.1 Hz, 2H), 7.25 (d, J =
NS 9.1 Hz, 2H), 6.93 — 6.84 (m, 4H), 4.01, 3.88 (ABq, J = 10.8

3 Hz, 1H), 3.94, 3.83 (ABq, J = 10.8 Hz, 1H), 3.80 (s, 3H),

© 3.78 (s, 3H), 3.38 — 3.21 (m, 2H) ppm. *°F NMR (376 MHz,

o—| CDCly) & -92.77 ppm. *C NMR (101 MHz, CDCly) &

159.46, 157.00, 152.40, 131.46, 130.31, 124.19 (d, J = 4.6
Hz), 120.69, 114.55, 114.43, 112.49 (d, J = 232.9 Hz), 55.64, 55.41, 54.04 (d, J = 30.6 Hz),
41.23 (d, J = 29.4 Hz) ppm. IR (KBr) v 3005, 2984, 1771, 1515, 1456, 1339, 1275, 1260, 764,
750. HRMS (ESI) m/z calcd. for CigH;sFNNaO," (M + Na*): 354.1112, Found: 354.1104.
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5-Fluoro-3-(4-methoxyphenyl)-5-(4-(trifluoromethyl)benzyl)oxazolidin-2-one (3m)

0 42.8 mg, 58% yield. White solid, Mp 151-155 °C. '"H NMR
- \©\ (400 MHz, CDCly) & 7.63 (d, J = 8.1 Hz, 2H), 7.48 (d, J =
NS 8.0 Hz, 2H), 7.36 — 7.29 (m, 2H), 6.92 — 6.85 (m, 2H), 4.02,

)\o 3.95 (ABq, J = 10.9 Hz, 1H), 3.95, 3.90 (ABq, J = 10.9 Hz,

° 1H), 3.79 (s, 3H), 3.51 — 3.34 (m, 2H) ppm. °F NMR (376

CF,] MHz, CDCls) & -62.69, -92.86 ppm. *C NMR (101 MHz,

CDCl3) 8 157.18, 152.07 (d, J = 1.7 Hz), 136.22 (dd, J =
3.2, 1.3 Hz), 130.84 (d, J = 0.8 Hz), 130.52 (g, J = 32.6 Hz), 130.03, 125.93 (q, J = 3.7 Hz),
124.10 (q, J = 272.1 Hz), 120.80, 114.63, 111.72 (d, J = 233.4 Hz), 55.66, 54.46 (d, J = 30.6
Hz), 42.02 (d, J = 29.5 Hz) ppm. IR (KBr) v 3005, 2990, 1759, 1275, 1261, 1159, 1123, 825,
764, 750. HRMS (ESI) m/z calcd. for C1gH:6F4NO5" (M + H"): 370.1061, Found: 370.1065.

5-Fluoro-3-(4-methoxyphenyl)-5-(3-methylbenzyl)oxazolidin-2-one (3n)
52.3 mg, 83% yield. White solid, Mp 63-68 °C. 'H NMR

/O\©\ (400 MHz, CDCly) 8 7.37 — 7.31 (m, 2H), 7.25 (t, J = 7.6 Hz,
NS 1H), 7.17 — 7.11 (m, 3H), 6.91 — 6.84 (m, 2H), 4.04, 3.89
P (ABg, J = 10.9 Hz, 1H), 3.96, 3.84 (ABg, J = 10.9 Hz, 1H),

0 3.78 (s, 3H), 3.42 — 3.22 (m, 2H), 2.36 (s, 3H) ppm. =

NMR (376 MHz, CDCl,) 5 -92.42 ppm. **C NMR (101 MHz,

CDCl;) & 156.92, 152.36, 138.66, 132.12 (d, J = 4.1 Hz), 131.13, 130.24, 128.81, 128.78,
127.35, 120.64, 114.48, 112.38 (d, J = 233.1 Hz), 55.60, 54.06 (d, J = 30.6 Hz), 41.95 (d, J =
29.0 Hz), 21.49 ppm. IR (KBr) v 3005, 2989, 1771, 1515, 1457, 1339, 1275, 1260, 1086, 764,
750, 706. HRMS (ESI) m/z calcd. for C,gH;sFNNaO;" (M + Na™): 338.1163, Found: 338.1162.

5-Fluoro-5-(2-methoxybenzyl)-3-phenyloxazolidin-2-one (30)

42.1 mg, 70% yield. White solid, Mp 88-90 °C. *H NMR (400

©\ . MHz, CDCl3) & 7.45 (dd, J = 8.7, 0.9 Hz, 2H), 7.39 — 7.27 (m,
N O— | 4H), 7.14 (t, J = 7.4 Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 6.92 (d,

)\o J=8.3 Hz, 1H), 4.14, 3.94 (ABq, J = 11.0 Hz, 1H), 4.06, 3.89

© (ABq, J =11.0 Hz, 1H), 3.88 (s, 3H), 3.54 — 3.37 (m, 2H) ppm.

YF NMR (376 MHz, CDCl;) & -91.60 ppm. *C NMR (101
MHz, CDCl3) & 157.56, 152.26 (d, J = 2.0 Hz), 137.48, 132.80, 129.48, 129.31, 124.70, 121.27,
120.72 (d, J = 5.1 Hz), 118.49, 112.77 (d, J = 233.2 Hz), 111.00, 55.70, 53.53 (d, J = 30.4 Hz),
34.98 (d, J = 30.1 Hz) ppm. IR (KBr) v 3391, 3004, 2920, 2849, 1778, 1646, 1601, 1503, 1496,
1468, 1406, 1336, 1248, 752, 696, 669. HRMS (ESI) m/z calcd. for C;;H,;sFNNaO3;" (M + Na™):
324.1006, Found: 324.0998.

5-(3,5-Dimethylbenzyl)-5-fluoro-3-(4-methoxyphenyl)oxazolidin-2-one (3p)

5 54.0 mg, 82% yield. Colorless oil. '"H NMR (400 MHz,
- \©\ CDCly) & 7.37 — 7.31 (m, 2H), 6.96 (s, 1H), 6.94 (s, 2H),
NS 6.91 — 6.85 (M, 2H), 4.03, 3.89 (ABg, J = 10.9 Hz, 1H),

)NO 3.96, 3.84 (ABg, J = 10.9 Hz, 1H), 3.78 (s, 3H), 3.39 —

0 3.18 (m, 2H), 2.32 (s, 6H) ppm. °F NMR (376 MHz,
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CDCl;) 8 -92.25 ppm. *C NMR (101 MHz, CDCl,) 8 156.97, 152.44, 138.53, 132.08 (d, J = 4.2
Hz), 130.34, 129.69, 128.16, 120.70, 114.53, 112.48 (d, J = 233.0 Hz), 55.64, 54.10 (d, J =
30.6 Hz), 41.93 (d, J = 28.9 Hz), 21.38 ppm. IR (KBr) v 3005, 2988, 1771, 1515, 1457, 1339,
1275, 1260, 1086, 1067, 764, 750. HRMS (ESI) m/z calcd. for CigHxoFNNaOz;™ (M + Na’):
352.1319, Found: 352.1314.

5-Fluoro-3-(4-methoxyphenyl)-5-(thiophen-3-ylmethyl)oxazolidin-2-one (3q)
e 47.3 mg, 77% yield. White solid, Mp 95-98 °C. 'H NMR (400
\©\ . MHz, CDCl3) & 7.38 — 7.29 (m, 3H), 7.23 (d, J = 1.8 Hz, 1H),
N 7.08 (d, J = 4.9 Hz, 1H), 6.91 — 6.83 (m, 2H), 4.01, 3.92 (ABq,
O)\o T\ J =10.9 Hz, 1H), 3.93, 3.87 (ABqg, J = 10.9 Hz, 1H), 3.78 (s,
s 3H), 3.49 — 3.32 (m, 2H) ppm. °F NMR (376 MHz, CDCl;) &
-92.91 ppm. *C NMR (101 MHz, CDCl;) & 157.00, 152.27,
132.24 (d, J = 4.4 Hz), 130.18, 128.99, 126.64, 124.68, 120.72, 114.53, 112.05 (d, J = 232.9
Hz), 55.62, 54.19 (d, J = 30.5 Hz), 36.79 (d, J = 30.7 Hz) ppm. IR (KBr) v 2920, 2849, 1771,
1646, 1515, 1469, 1338, 1276, 1255, 1090, 1060, 830, 764, 750. HRMS (ESI) m/z calcd. for
C1sH1sFNO3S™ (M + H'): 308.0751, Found: 308.0742.

5-Fluoro-3-(4-methoxyphenyl)-5-(thiophen-2-yImethyl)oxazolidin-2-one (3r)
o 36.8 mg, 60% yield. White solid, Mp 82-85 °C. 'H NMR
- \©\ (400 MHz, CDCly) & 7.37 — 7.31 (m, 2H), 7.28 — 7.25 (m,
N F 1H), 7.06 — 6.96 (m, 2H), 6.93 — 6.84 (m, 2H), 4.09, 3.96
)\o S (ABq, J = 10.9 Hz, 1H), 4.02, 3.91 (ABq, J = 10.9 Hz, 1H),
/ P 3.79 (s, 3H), 3.67 — 3.51 (m, 2H) ppm. *°F NMR (376 MHz,
CDCl;) 5 -93.23 ppm. *C NMR (101 MHz, CDCl3) 5 157.10,
152.14, 133.14 (d, J = 5.2 Hz), 130.17, 128.56, 127.47, 126.20, 120.82, 114.59, 111.68 (d, J =
233.3 Hz), 55.65, 54.00 (d, J = 30.4 Hz), 36.57 (d, J = 32.4 Hz) ppm. IR (KBr) v 3006, 2920,

2849, 1775, 1646, 1515, 1469, 1338, 1275, 1257, 975, 829, 764, 750. HRMS (ESI) m/z calcd.
for C1sH1sFNO3S™ (M + H'): 308.0751, Found: 308.0747.

5-Fluoro-5-(furan-3-ylmethyl)-3-(4-methoxyphenyl)oxazolidin-2-one (3s)

o 37.8 mg, 65% yield. White solid, Mp 104-108 °C. ‘*H NMR
- \Q (400 MHz, CDCl;) & 7.45 — 7.39 (m, 2H), 7.38— 7.32 (m,
N F 2H), 6.93 — 6.84 (m, 2H), 6.43 (s, 1H), 4.02, 3.95 (ABq, J =

)\o 10.9 Hz, 1H), 3.94, 3.90 (ABq, J = 10.9 Hz, 1H), 3.79 (s,

O / 3H), 3.29 — 3.11 (m, 2H) ppm. °F NMR (376 MHz, CDCly)

© 5 -93.33 ppm. *C NMR (101 MHz, CDCly) d 157.13,

152.28, 143.81, 141.47, 130.28, 120.79, 116.06 (d, J = 4.9
Hz), 114.63, 112.10 (d, J = 232.6 Hz), 111.69, 55.66, 54.28 (d, J = 30.6 Hz), 32.20 (d, J = 31.7
Hz) ppm. IR (KBr) v 3392, 3006, 2920, 2849, 1771, 1646, 1515, 1469, 1338, 1251, 1092, 1024,
874, 749. HRMS (ESI) m/z calcd. for Cy5H;sFNO,” (M + HY): 292.0980, Found: 292.0967.

5-Fluoro-3-(4-methoxyphenyl)-5-((9-phenyl-9H-carbazol-3-yl)methyl)oxazolidin-2-one
(31)
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_0 26.1 mg, 28% vyield. Colorless oil. 'H NMR (400 MHz,
\©\ . CDCl3) 5 8.15 (d, J = 7.8 Hz, 1H), 8.09 (s, 1H), 7.61 (t,
/\E\ J=7.7Hz, 2H), 7.55 (d, J = 7.6 Hz, 2H), 7.51 — 7.27 (m,
o ©° O O 8H), 6.84 (d, J = 9.0 Hz, 2H), 4.12, 3.90 (ABg, J = 10.9
Hz, 1H), 4.04, 3.85 (ABq, J = 10.9 Hz, 1H), 3.76 (s, 3H),
3.65 — 3.46 (m, 2H) ppm. *°F NMR (376 MHz, CDCl3) &
-92.29 ppm. “C NMR (101 MHz, CDCl;) & 156.91
152.48, 141.39, 140.63, 137.60, 130.36, 130.08, 128.11, 127.79, 127.20, 126.48, 123.87
123.58 (d, J = 4.4 Hz), 122.99, 122.12, 120.59 , 120.54, 120.29, 114.50, 112.82 (d, J = 232.9
Hz), 110.31, 110.09, 55.63, 54.03 (d, J = 30.7 Hz), 42.10 (d, J = 29.1 Hz) ppm. IR (KBr) v 3055,
3006, 2955, 2930, 2835, 1774, 1597, 1514, 1503, 1458, 1333, 1251, 1234, 1151, 977, 937,
828, 763, 749, 698. HRMS (ESI) m/z calcd. for CxH,3FN,NaO;" (M + Na*): 489.1585, Found:
489.1583.

N
Ph

5-Benzyl-5-fluoro-3-(4-methoxyphenyl)-4-methyloxazolidin-2-one (3u)
0 50.0 mg, 79% yield, dr = 2.3:1. White solid, Mp 102-105 °C. 'H
\©\ /gﬂ\ NMR (400 MHz, CDCl;) & 7.43 — 7.28 (m, 5.6H), 7.12 — 7.05
N (m, 1.4H), 6.94 — 6.85 (m, 2H), [4.36 (dg, J = 19.3, 6.7 Hz),
)\o Ph| 4.22(dg, J=21.0, 6.5 Hz), (LH)], [3.80 (s), 3.78 (S), (3H)], 3.49
—3.16 (m, 2H), [1.27 (d, J = 6.7 HZ), 1.03 (dd, J = 6.5, 2.4 Hz),
(3H)] ppm. *°F NMR (376 MHz, CDCl3) & -93.67, -111.55 ppm. **C NMR (101 MHz, CDCl;) &
158.37, 157.89, 153.47 (d, J = 1.4 Hz), 152.40 (d, J = 1.6 Hz), 132.32, 132.27, 130.58 (d, J =
1.2 Hz), 130.51, 128.87, 128.58, 128.41, 127.95, 127.87, 127.61, 126.06, 124.52, 114.74,
114.65, 114.52 (d, J = 232.8 Hz), 113.64 (d, J = 238.9 Hz), 62.40 (d, J = 31.4 Hz), 59.18 (d, J =
25.7 Hz), 55.60, 55.58, 41.87 (d, J = 29.6 Hz), 38.78 (d, J = 26.4 Hz), 14.78 (d, J = 9.1 Hz),
12.41 (d, J =12.0 Hz) ppm. IR (KBr) v 3000, 2920, 2849, 1775, 1646, 1515, 1456, 1396, 1297,
1250, 1151, 1038, 989, 962, 831, 750, 702. HRMS (ESI) m/z calcd. for C;gH;sFNNaO;" (M +
Na'): 338.1163 Found: 338.1163.

5-Benzyl-4-ethyl-5-fluoro-3-(4-methoxyphenyl)oxazolidin-2-one (3v)
49.4 mg, 75% yield, dr = 1.5:1. White solid, Mp 100-104 °C. *H

/O\©\ NMR (400 MHz, CDCls) & 7.44 — 7.29 (m, 6H), 7.06 — 6.97 (m,
NS 1H), 6.94 — 6.89 (m, 1H), 6.89 — 6.84 (m, 1H), [4.35 (ddd, J =
)\o pn| 18.8,56,4.2Hz),4.03 (ddd, J = 20.4,9.2, 3.9 Hz), (1H)], [3.80
o} (s), 3.77 (s), (3H)], 3.55 — 3.09 (m, 2H), 1.90 — 1.56 (m, 2H),

0.95 — 0.85 (m, 3H) ppm. °F NMR (376 MHz, CDCl3) 5 -90.21,
-111.31 ppm. **C NMR (101 MHz, CDCl3) 5 158.47, 157.69, 153.38, 152.81, 132.47 (d, J = 7.4
Hz), 132.28, 130.71, 130.59 (d, J = 0.9 Hz), 129.06, 128.89, 128.56, 128.22, 127.93, 127.61,
126.32, 124.19, 114.68, 114.66, 114.26 (d, J = 232.6 Hz), 113.92 (d, J = 239.1 Hz), 66.52 (d, J
=29.5 Hz), 63.72 (d, J = 24.9 Hz), 55.59, 55.56, 43.27 (d, J = 30.9 Hz), 38.67 (d, J = 26.4 Hz),
21.56 (d, J = 8.9 Hz), 20.85 (d, J = 10.7 Hz), 9.95 (d, J = 2.4 Hz), 8.61 ppm. IR (KBr) v 3006,
2986, 2921, 2851, 1776, 1515, 1456, 1403, 1275, 1259, 1125, 1032, 978, 829, 764, 750, 701.
HRMS (ESI) m/z calcd. for C19H»,FNO3™ (M + HY): 330.1500, Found: 330.1500.
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5-Fluoro-3-(4-methoxyphenyl)-5-(1-phenylethyl)oxazolidin-2-one (3w)
0 25.8 mg, 41% vyield, dr = 1.1:1. Colorless oil. 'H NMR (400
- \O\ MHz, CDCl3) & 7.44 — 7.24 (m, 7H), 6.91 — 6.82 (m, 2H), 4.01
NW —3.64 (m, 5H), [3.40 (dg, J = 10.3, 7.2 Hz), 3.27 (dg, J = 21.2,
)\o ph| 7.0 H2), (1H)], 1.55 (t, J = 6.9 Hz, 3H) ppm. *°F NMR (376
0 MHz, CDCl;) & -97.07, -106.34 ppm. *C NMR (101 MHz,
CDCl;) 5 157.00, 156.95, 152.54 (d, J = 1.7 Hz), 152.43, 138.48 (d, J = 4.7 Hz), 138.33,
130.27, 130.22, 129.00, 128.97, 128.79, 128.74 (d, J = 2.0 Hz), 128.12, 128.08, 120.79,
120.69, 114.51, 114.49, 113.87(d, J = 234.9 Hz), 113.65 (d, J = 237.8 Hz), 55.63, 54.49 (d, J =
30.9 Hz), 53.46 (d, J = 31.1 Hz), 46.50 (d, J = 26.2 Hz), 45.21 (d, J = 27.6 Hz), 14.98 (d, J = 5.0
Hz), 14.87 (d, J = 3.9 Hz) ppm. IR (KBr) v 3005, 2989, 2918, 2849, 1773, 1514, 1463, 1406,
1337, 1275, 1260, 897, 765, 750. HRMS (ESI) m/z calcd. for CigH;sFNNaO;"™ (M + Na¥):
338.1163, Found: 338.1165.

5-(Fluoromethyl)-5-methyl-3-phenyloxazolidin-2-one (3x)
: 18.4 mg, 44% vyield. Colorless oil. '"H NMR (400 MHz, CDCl;) & 7.54
N

(d, J = 8.1 Hz, 2H), 7.38 (t, J = 7.9 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H),

% 4.57, 4.43 (ABq, J = 9.9 Hz, 1H), 4.45, 4.32 (ABq, J = 9.9 Hz, 1H),
)\o Fl  4.09 (d, J=8.9 Hz, 1H), 3.76 (dd, J = 9.0, 1.4 Hz, 1H), 1.56 (d, J = 2.1
Hz, 3H) ppm. *°F NMR (376 MHz, CDCl;) & -227.85 ppm. *C NMR
(101 MHz, DMSO) & 153.44, 138.29, 128.92, 123.57, 117.98, 85.80 (d, J = 174.2 Hz), 77.19 (d,
J =175 Hz), 51.19 (d, J = 5.2 Hz), 21.00 (d, J = 4.8 Hz) ppm. IR (KBr) v 3005, 2989, 2920,
2851, 1749, 1460, 1414, 1322, 1275, 1261, 1119, 897, 763, 750, 706. HRMS (ESI) m/z calcd.
for C11H1,FNNaO," (M + Na*): 232.0744, Found: 232.0737.

6-Benzyl-6-fluoro-3-(4-methoxyphenyl)-1,3-oxazinan-2-one (3y)
35.0 mg, 56% yield. White solid, Mp 142-146 °C. ‘*H NMR (400

0 MHz, CDCly) & 7.38 — 7.29 (m, 5H), 7.23 — 7.18 (m, 2H), 6.93 —
\©\N 6.86 (M, 2H), 3.93 — 3.83 (m, 1H), 3.80 (s, 3H), 3.46 — 3.40 (m,
%\ F 1H), 3.38 — 3.21 (m, 2H), 2.15 — 1.98 (m, 2H) ppm. °F NMR

Y (376 MHz, CDCl3) & -101.73 ppm. *C NMR (101 MHz, CDCl5)

Ph| & 158.66, 150.16, 135.14, 133.39 (d, J = 4.9 Hz), 130.60,

128.74, 127.69, 127.23, 114.75, 113.29 (d, J = 226.8 Hz), 55.63,
44,73 (d, J = 26.2 Hz), 44.52 (d, J = 4.5 Hz), 28.43 (d, J = 26.0 Hz) ppm. IR (KBr) v 3005, 2989,
2916, 1719, 1512, 1478, 1426, 1275, 1260, 1164, 832, 763, 750, 705. HRMS (ESI) m/z calcd.
for C1gH1sFNNaO;" (M + Na'): 338.1163, Found: 338.1157.

5-Benzyl-5-fluoro-3-phenyloxazolidine-2,4-dione (3'a)[3]

27.4 mg, 48% yield. White solid. "H NMR (400 MHz, CDCl3) & 7.45 —
©\ O . 7.38 (m, 3H), 7.38 — 7.30 (m, 5H), 7.06 — 6.97 (m, 2H), 3.63 — 3.52 (m,
N&\ 2H) ppm.**F NMR (376 MHz, CDCl3) & -110.11 ppm. **C NMR (101

)\O Ph| MHz, CDCl;) & 165.52 (d, J = 24.3 Hz), 150.78, 130.62, 129.79,

129.68, 129.59, 129.18, 128.65, 125.58, 110.06 (d, J = 244.5 Hz),
38.91 (d, J = 28.2 Hz) ppm.
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5-Benzyl-3-(4-chlorophenyl)-5-fluorooxazolidine-2,4-dione (3'b)

34.6 mg, 54% yield. White solid, Mp 136-139 °C. *H NMR (400
MHz, CDCl;) & 7.41 — 7.33 (m,5H), 7.32 — 7.28 (m, 2H), 7.02 —
6.94 (m, 2H), 3.62 — 3.51 (m, 2H) ppm. °F NMR (376 MHz,
CDCl3) 8 -110.11 ppm. *C NMR (101 MHz, CDCl5) 5 165.23 (d,
J = 24.4 Hz), 150.40, 135.56, 130.58, 129.82, 129.60 (d, J =
10.4 Hz), 129.21, 128.71, 128.21, 126.70, 110.09 (d, J = 245.1 Hz), 38.91 (d, J = 28.1 Hz) ppm.
IR (KBr) v 3005, 2987, 2922, 2847, 1842, 1765, 1500, 1426, 1275, 1260, 825, 764, 750, 699.
HRMS (El) m/z calcd. for C16H11CIFNOs": 319.0406, Found: 319.0406

3-(4-Chlorophenyl)-5-(3,5-dimethylbenzyl)-5-fluorooxazolidine-2,4-dione (3'c)™®

Cl
O
F
N

8

O

J =27.7 Hz), 21.31 ppm.

30.1 mg, 43% vyield. White solid. ‘H NMR (400 MHz,
CDCl3) 8 7.40 (d, J = 8.6 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H),
6.95 (s, 1H), 6.90 (s, 2H), 3.61 — 3.35 (m, 2H), 2.28 (s, 6H)
ppm. *°F NMR (376 MHz, CDCl;) & -110.37 ppm. *C NMR
(101 MHz, CDCl) & 165.43 (d, J = 24.6 Hz), 150.50,
138.83, 135.55, 130.25, 129.83, 129.39 (d, J = 10.2 Hz),
128.35, 128.25, 126.72, 110.19 (d, J = 245.0 Hz), 38.79 (d,

3-(4-Chlorophenyl)-5-fluoro-5-(4-fluorobenzyl)oxazolidine-2,4-dione (3'd)"!

33.1 mg, 49% yield. White solid. *H NMR (400 MHz, CDCls)
57.41(d, J =8.5Hz, 2H), 7.33 —= 7.24 (m, 2H),7.10 - 7.01
(M, 4H), 3.61 — 3.46 (m, 2H). °F NMR (376 MHz, CDCl3) &
-109.62, -112.81 ppm. *C NMR (101 MHz, CDCl) &
165.11 (d, J = 24.5 Hz), 162.93 (d, J = 248.4 Hz), 150.33,
135.65, 132.35 (d, J = 8.2 Hz), 129.91, 128.17, 126.56,
125.37 (dd, J = 10.3, 3.4 Hz), 116.25 (d, J = 21.6 Hz),

109.72 (dd, J = 244.7, 1.7 Hz), 37.99 (d, J = 28.6 Hz) ppm.

3-(4-Chlorophenyl)-5-fluoro-5-(4-methoxybenzyl)oxazolidine-2,4-dione (3'e)[3]

Cl
@)
F
N

=3

0]

O———

39.2 mg, 56% yield. White solid. 'H NMR (400 MHz,
CDCls) 8 7.39 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.2 Hz,
2H), 7.03 (d, J = 8.2 Hz, 2H), 6.86 (d, J = 8.1 Hz, 2H),
3.79 (s, 3H), 3.58 — 3.43 (m, 2H) ppm. °F NMR (376
MHz, CDCl3) & -110.15 ppm. **C NMR (101 MHz, CDCl5)
5 165.35 (d, J = 24.5 Hz), 159.83, 150.50, 135.51,
131.71, 129.81, 128.26, 126.69, 121.28 (d, J = 10.8 Hz),

114.57, 110.15 (d, J = 245.3 Hz), 55.43, 37.98 (d, J = 28.1 Hz) ppm.

3-(4-Chlorophenyl)-5-fluoro-5-(thiophen-3-ylmethyl)oxazolidine-2,4-dione (3'f)

Cl
O
F
N

B

o |\

S

28.0mg, 43% vyield. White solid, Mp 140-142 °C. 'H NMR
(400 MHz, CDCl,) 8 7.41 (d, J = 8.2 Hz, 2H), 7.37 — 7.32 (m,
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1H), 7.25 (s, 1H), 7.07 — 7.01 (m, 3H), 3.71 — 3.54 (m, 2H) ppm. '°F NMR (376 MHz, CDCl,) &
-111.01 ppm. **C NMR (101 MHz, CDCly) & 165.29 (d, J = 24.5 Hz), 150.47, 135.64, 129.89,
129.59 (d, J = 10.9 Hz), 128.91, 128.23, 127.17, 126.76, 126.01, 109.69 (d, J = 245.4 Hz),
33.52 (d, J = 29.6 Hz) ppm. IR (KBr) v 3005, 2989, 1765,1501, 1457, 1427, 1275, 1261, 763,
750, 706. HRMS (EI) m/z calcd. for C1aHeCIFNO,S: 324.9970, Found: 324.9969

4, Studies on the Mechanism

4.1 Deuterium experiments

NBS Ts0H H20©/[CHZBr NHBoc \©\ ﬂ) 1) tBuli \©\ ﬂ)
2) D0 Boc

DCM, reflux NaH, DMF

$25 D- 2a
(73% D)

Compound S26 was prepared according to literature procedures.[G]

Compound D-2a. To a sealing tube was added S25 (1 g, 8.5 mmol, 1.0 equiv), NBS (3.8 g,
21.2 mmol, 2.5 equiv), TsOHH,O (155 mg, 0.9 mmol, 0.1 equiv) and DCM (30 mL).The
reaction was refluxed overnight. DCM (30 mL) and water (30 mL) were added to the mixture.
The aqueous phase was extracted by DCM (20 mL x 2) again. The combined organic phases
were washed by brine (30 mL), dried over Na,SO, and concentrated under reduced pressure
successively. The residue was purified by column chromatography (eluted with PE) to afford
S26 as a colorless oil (1.04 g, 44% vyield). 'H NMR (400 MHz, CDCI3) & 7.45 — 7.35 (m, 5H),
6.67 (s, 1H), 4.49 (s, 2H) ppm.

NaH (60%, 135 mg, 3.36 mmol, 1.5 equiv) and 3 mL DMF was added to a sealing tube,
which was filled with N, gas. The solution of tert-butyl (4-methoxyphenyl)carbamate (500 mg,
2.24 mmol, 1.0 equiv) in DMF (3 mL) was charged to the system dropwise at 0 °C. The mixture
was allowed to stir at 0 °C for 1.5 hours. After which, S26 (870 mg, 3.13 mmol, 1.4 equiv) was
added. The mixture was allowed to stir at room temperature overnight. EtOAc (20 mL) and
water (20 mL) were added to the mixture. The aqueous phase was extracted by EtOAc (20 mL
x 2). The combined organic phases were washed by brine (20 mL), dried over Na,SO, and
concentrated under reduced pressure successively. The residue was purified by column
chromatography (eluted with EtOAc/PE = 1/15) to afford S27 as a white solid (870 mg, 93%
yield). "H NMR (400 MHz, CDCl3) & 7.34 — 7.28 (m, 3H), 7.22 (brs, 2H), 6.70 (brs, 4H), 6.31 (s,
1H), 5.00 (s, 2H), 3.77 (s, 3H), 1.30 (brs, 9H) ppm.

To a dried flask was added S27 (418 mg, 1 mmol, 1.0 equiv) and anhydrous Et,O (40 mL).
The mixture was cooled to -78 °C. t-BuLi (1.6 M, 1 mL, 1.5 mmol, 1.5 equiv) was introduced
cautiously at this temperature. The mixture was stirred at this temperature for 30 min before
the D,O (0.1 g) was added. Then, the reaction mixture was allowed to stir at room temperature
overnight, after which, it was quenched by water (15 mL). The mixture was extracted by Et,O
(20 mL x 2). The combined organic phases were washed by brine (20 mL), dried over Na,SO,
and concentrated under reduced pressure successively. The residue was purified by column
chromatography (eluted with EtOAc/PE = 1/30) to afford (z)-D-2a as a white solid (193 mg,
57% yield, 73% D). "H NMR (400 MHz, CDCl5) & 7.39 (d, J = 6.8 Hz, 2H), 7.35 — 7.27 (m, 3H),
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7.10 — 6.66 (m, 4H), 5.34 (s, 0.27H), 5.32 (s, 0.73H), 5.10 (s, 0.27H), 4.66 (s, 2H), 3.77 (s, 3H),
1.40 (s, 9H) ppm.

(0]
O .
" [P FE D
N/\’% standard conditions' N/y’{ 75% yield
Boc Ph

d.r. =1:1)
)\o Ph
o
(z)-D-2a D-3a
(73% D) (72% D)

Compound D-3a. 1-Fluoro-3,3-dimethyl-1,3-dihydro-A*-benzo[d][1,2]iodoxole 1 (42 mg,
0.15 mmol, 1.5 equiv), the substrate (z)-D-2a (34 mg, 0.1 mmol, 1.0 equiv), AgSbF¢ (3.4 mg,
0.01 mmol, 0.1 equiv) and DCM (1 mL) were introduced to a glass vial. The vial was then
sealed and the mixture was allowed to stir at 55 °C for 3.5 hours. After that, the reaction
mixture was concentrated on a rotary evaporator. The dr value was determined by F NMR
analysis of the crude product, which was purified by column chromatography (eluted with
EtOAC/PE = 1/15) to afford product D-3a as a white solid (22.7 mg, 75% yield, dr =1:1, 72% D).
'H NMR (400 MHz, CDCl3) 5 7.41 — 7.30 (m, 7H), 6.87 (d, J = 9.0 Hz, 2H), 4.03, 3.90 (ABq, J =
10.9 Hz, 1H), 3.95, 3.89 (ABqg, J = 10.9 Hz, 1H), 3.78 (s, 3H), 3.47 — 3.27 (m, 1.28H) ppm. =
NMR (376 MHz, CDCl;) & -92.51, -92.65, -92.69 ppm. HRMS (ESI) m/z calcd. for
Ci7H1sDFNNaO;" (M + Na*): 325.1069 Found: 325.1067. The dr value was determined by *°F
NMR analysis, which was illustrated as below:

92509

£--92.645
\-92,689

92,509
—-92.645
—-92.689

H
O% Diastereomer |

‘ |l‘ Diastereomer 1|

T T T T T T T T T T T T
52.30 —52.40 —-52.50 —92.60 —92.70 —52.80 —92. 80 —53.00
£l (ppm)

\
T
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1.00
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L T T T T T T T T T T T T T T T T T T T T
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Figure S3. YENMR (376 MHZz) of compound D-3a
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4.2 Radical trapping experiments

4.2.1 Tempo as a radical trapping reagent

L
N

Boc Ph

2a

>

TEMPO (0.5 equiv

_O
"standard conditions" F >(j<
) DN
|
g P O.

(0] Me

3a 6
<5% NMR yield GCMC

1-Fluoro-3,3-dimethyl-1,3-dihydro-A*-benzo[d][1,2]iodoxole 1 (42 mg, 0.15 mmol, 1.5 equiv),
the substrate 2a (33.9 mg, 0.1 mmol, 1.0 equiv), Tempo (7.8 mg, 0.05 mmol, 0.5 equiv),
AgSbFg (3.4 mg, 0.01 mmol, 0.1 equiv) and DCM (1 mL) were introduced to a glass vial. The
vial was then sealed and the mixture was allowed to stir at 55 °C for 3.5 hours. After which, the
reaction mixture was concentrated to dryness and CH,Br, was added. The NMR yield was
calculated by 'H NMR spectroscopy using CH,Br, as the internal standard. Compound 6 was

detected by GCMS analysis.

TIC

1,080, 528

Chemical Formula: C1gH21NO
Exact Mass: 171.1623

10.0 18.0
100 156 [ MS Spectrum ]
90+ # of Peaks 762
80 Raw Spectrum 2.645 (Scan: 170)
Background  No Background Spectrum
70_ Base Peak miz 156.15 (Inten: 64242)
60' Event# 1
507 miz Ralative Intensity
55.05 26.70
40- 69.10 24.93
- 88.10 2312
gg 3569 gg 109 109.10 2338
156.15 100.00
10+ 8 125 | 171 17115 6.14
5 191 214 237257 280

Figure S4. GCMS analysis of compound 6
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4.2.2 BHT as a radical trapping reagent

_0O
_0 Ph ‘Bu
"standard conditions" N
- 3a (17% NMR yield
’é‘o/c\lf BHT (1.5 equiv) 0 OH + (17% yield)

(0]

[
2a 7 Bu
(45% Isolated yield)

1-Fluoro-3,3-dimethyl-1,3-dihydro-A*-benzo[d][1,2]iodoxole 1 (42 mg, 0.15 mmol, 1.5 equiv),
the substrate 2a (33.9 mg, 0.1 mmol, 1.0 equiv), BHT (33 mg, 0.15 mmol, 1.5 equiv), AgSbFg
(3.4 mg, 0.01 mmol, 0.1 equiv) and DCM (1 mL) were introduced to a glass vial. The vial was
then sealed and the mixture was allowed to stir at 55 °C for 3.5 hours. After which, the reaction
mixture was concentrated to dryness and CH,Br, was added. The NMR vyield was calculated
by 'H NMR spectroscopy using CH,Br, as the internal standard. The NMR yield of 7 and 3a
were 47% and 17% respectively. The mixture was purified by column chromatography (eluted
with EtOAC/PE = 1/30> 1/15) to afford compound 7 as a thick oil (22.4 mg, 45% vyield). *H
NMR (400 MHz, CDCl3) 6 7.52 — 7.38 (m, 6H), 7.35 (t, J = 7.0 Hz, 1H), 6.92 — 6.86 (m, 4H),
5.04 (s, 1H), 4.13 (dd, J = 22.7, 8.6 Hz, 2H), 3.79 (s, 3H), 2.81 — 2.65 (m, 1H), 2.45 — 2.31 (m,
3H), 1.40 (s, 18H) ppm. **C NMR (101 MHz, CDCl;) & 156.62, 154.76, 152.19, 142.71, 136.13,
131.49, 131.47, 128.99, 128.15, 124.88, 124.51, 120.61, 114.46, 81.64, 58.18, 55.68, 44.30,
34.45, 30.46, 29.74 ppm. IR (KBr) v 3642, 3627, 3004, 2986, 2955, 2920, 1747, 1514, 1434,
1403, 1275, 1260, 1148, 828, 764, 750, 702. HRMS (ESI) m/z calcd. for C3,HzsNNaO," (M +
Na'): 524.2771 Found: 524.2773.

4.3 Radical clock experiments

0]
0 g 8, X=F
N = "standard conditions" \
Yoo TV pae o x-
Ph o X I

2z

Compound 8, 9. 1—Fluoro—3,3-dimethyl—1,3—dihydro-AB—benzo[d][1,2]iodox0|e 1 (126 mg,
0.45 mmol, 1.5 equiv), the substrate 2z (114 mg, 0.3 mmol, 1.0 equiv), AgSbFs (10.3 mg, 0.03
mmol, 0.1 equiv) and DCM (3 mL) were introduced to a glass vial. The vial was then sealed
and the mixture was allowed to stir at 55 °C for 3.5 hours. After that, the reaction mixture was
concentrated on a rotary evaporator. The residue was purified by column chromatography
(eluted with EtOAc/PE = 1/15) to afford compound 8 (9.6 mg, 9% vyield, thick oil) and
compound 9 (14.1 mg, 8% yield, thick oil).

compound 8. '"H NMR (400 MHz, CDCl,) 8 7.48 — 7.38 (m, 6H), 7.38 — 7.31 (m, 1H), 6.94 —
6.83 (m, 2H), 5.99 (d, J = 15.6 Hz, 1H), 5.84 (dt, J = 15.5, 6.7 Hz, 1H), 4.47 (dt, J =47.1, 6.1
Hz, 2H), 4.24 (d, J = 8.8 Hz, 1H), 4.19 (d, J = 8.8 Hz, 1H), 3.79 (s, 3H), 2.49 (ddd, J = 24.8,
12.8, 6.4 Hz, 2H) ppm. **F NMR (376 MHz, CDCl;) & -218.12 ppm. *C NMR (101 MHz, CDCl5)
0 156.66, 154.48, 141.26, 133.94, 131.39, 128.94, 128.46, 127.53 (d, J = 5.9 Hz), 125.10,
120.68, 114.45, 82.54 (d, J = 168.0 Hz), 80.82, 57.84, 55.67, 33.29 (d, J = 20.6 Hz) ppm. IR
(KBr) v 3005, 2989, 1750, 1514, 1400, 1275, 1260, 1153, 829, 765, 750, 704. HRMS (ESI) m/z
calcd. for CooHxoFNNaO;" (M + Na'): 364.1319 Found: 364.1320.
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compound 9. *H NMR (400 MHz, CDCl3) 8 7.99 (d, J = 7.8 Hz, 1H), 7.47 — 7.37 (m, 6H),
7.35-7.27 (m, 3H), 6.93 — 6.83 (m, 3H), 5.91 (d, J = 15.7 Hz, 1H), 5.83 (dt, J = 15.5, 6.2 Hz,
1H), 4.24 (d, J = 8.7 Hz, 1H), 4.15 (d, J = 8.7 Hz, 1H), 3.79 (s, 3H), 3.12 (t, J = 7.0 Hz, 2H),
2.44 (dd, J = 13.2, 6.8 Hz, 2H), 1.64 (s, 3H), 1.63 (s, 3H) ppm. **C NMR (101 MHz, CDCl;) &
156.59, 154.55, 145.40, 143.41, 141.58, 132.42, 131.54, 130.13, 128.86, 128.82, 128.30,
128.25, 128.02, 125.21, 120.60, 114.43, 93.71, 81.05, 61.87, 57.80, 55.67, 33.29, 27.29 ppm.
IR (KBr) v 3004, 2985, 2927, 2853, 1748, 1514, 1399, 1275, 1260, 1155, 1073, 1006, 827,
764, 750, 699. HRMS (ESI) m/z calcd. for CaoH3z0INNaO,* M + Na+): 606.1112 Found:
606.1112.
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5 Radiosynthesis of [*®F]-3:

No-carrier-added '®F-fluoride was produced via the **O(p,n)*®F reaction using GE PETrace
880 (GE Health, IL, USA) under 55 pA irradiation for 20min. The cyclotron-produced aqueous
®F_fluoride was trapped on a pre-conditioned QMA anion-exchange cartridge followed by
releasing with phase transfer reagent (477uL acetonitrile and 70uL 20% tetrabutylammonium
bicarbonate aqueous solution). The '®F-fluoride was azeotropically dried at 70°C under a
stream of nitrogen with vacuum on for 4 min, the reactor was then heated to 100°C under
vacuum for 2 min. The **F-fluoride was then dissolved in 1 mL anhydrous acetonitrile for
following procedures.

The radiolabeling reactions were performed using the following protocol. The alkene
precursor 2a, 2b, or 2¢ (6 pmol) was mixed with 1.0 equivalent of chloroiodane (10) in 20 pL of
anhydrous MeCN. The resulting solution was then combined with [*®F]-TBAF in 20 L MeCN.
The reaction mixture was incubated at elevated temperature (60/80 °C) to allow Be_cl
exchange reaction to proceed. Then, the Ag salt (1.0 equiv.) in acetonitrile was added to the
reaction mixture. After addition of Ag salt, the reaction was incubated at elevated temperature
(60/80 °C) for another 10 min to allow '®F-radiofluorination to process, quenched with 1 mL of
1:1 (v/iv) water: MeCN, and passed through Sep-Pak light alumina N cartridge, respectively.
An aliquot of aqueous fraction was analyzed by HPLC using method A. The identity of
[*°F]-fluorinated heterocycles ([*°F]-3a, [*°F]-3b, and [°F]-3c) was confirmed by the
comparison of their retention times with those of non-radiolabeled analogues (3a, 3b, and 3c).

HPLC Method A : Phenomenex, Kinetex® 5um EVO C18 100 A, 250 x 4.6 mm LC Column.
Solvent A: 0.1% TFA water; Solvent B: 0.1% TFA acetonitrile; O to 2 min: isocratic elution at
50% solvent B, 2 to 12 min, 50% to 95% solvent B. Flow rate: 1 mL/min, column temperature:
19 to 21 °C.
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7 Data Analysis for radiochemistry experiments
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Figure S5. HPLC UV-Chromatogram (above) and radio-chromatogram (below) of the HPLC
purified [*®F]-3a solution co-injected with the standard (3a)
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8 NMR Spectra

yl—

PiLE—

BA9P—

PLLG—
PREG—

Ph

Boc
2a

Fuos

=ple

Fioz

=0
=80

-eoz

%EN

- L0E
WEN

GHE'BT

B6L'EG~
T4 a==h

£ra'84
omf.hhwn
2ip°LL
NmN.Dm\

LGPEDL—

BEL Bl
29T
L6612}

pearez i
£28/ZL

656'/2 fW
ey

z2hee L
BB BE b~
OFRPE L~

000G b~
9EV LG L

Ph

Boc
2a

T
=10

=3
=3

20

T
110

T
180

T
200

T
210

1 (ppa)

46



LEF L —

elgg—

VB9 —

9EL'G—
8586 —

Ph

Boc
2b

Free

=80e

Epe

=860
=00

-84

S6
86T
e0z

B0 LE—

CBE'BT—

BELES—

£ra'84
omf.hhw
2ip°LL
.qD.w.Dm.\

LOBEL—

ale8gl
2e9'8gl
oreLel
ZEEBEL
eI
mqw.mmf$
wmm.mmf
h\.\..mmf\
wmm.vvf

LEBPSL—

Ph

Boc
2b

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

£1 (ppm)

47



1Pl

00LP—

S0~
BEE'G
059G

Ph

Boc
2c

Cl

)

-0.

0.0

45 4.0

1 (ppa)

Bl

)
I

CZE'BT

95 es—

ra'as
09 hhwn
AipLL
q_.m.om\

S0ZvL—
[a=p=rA
94L4EL
00082 ,.%
Sivegl-
£09'82 f\i
LBLIEL
900°6E L~
Z294°0p 1"
EVSPR LT

LAETPGI—

Ph

Boc
2c

Cl

T
=10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppm)
48



2EP 1 —

LA8E—

ord'r—

GG —
l9EG—

96124
el
0922
£az';
002
BlEL
g8,
0¥
0%€';
=
892
[
926'4~,
Ve

MeOOC

Ph

Boc
2d

L

=06

=i0e

861

=660
=00

o 86}
.an_m
oz

=10

s

-0

0.0

r=)

)

452°82—

08025~
9285

cra'es
Dmf.mhvn
8irLL
[si4 Fm\x

FEOELL—

mcmmmf
Nm¢.mm ﬁ%
9z8'82)
91082}
88zl
65661
666851
POV pb L
Gl9gbL—

LB6ESL—

249891 —

MeOOC

Ph

Boc
2d

=10

=3
=3

20

T
110

T
180

T
200

T
210

1 (ppa)

49



S l—

Br

Ph

Boc
2e

G806

=0T

=e0}
=004

w560
=0

~96'0
ﬂzmaw

1 (ppa)

9rZ'8T—

9BFES—

SER'SL
mmf.mhv
Civis
G66 mmu\

Nmm.mmf
91982 ,.L\

986'8E L~

BOSED L
vTypr L

obLpsl—

Br

Ph

Boc
2e

T
-10

80

20

T
110

T
180

T
200

T
210

1 (ppa)

50



6CF 1 —

S04°E—

4997 —

6EL'G—
96E'G—

E40°8—

0822
(3=
8624
£0E°2
£2EL
BEE'S
£8E°)
ooy's

Boc
2f

868

=009

ooz

=10l
=80

Fesz

1)

1 (ppa)

9/E'82—

202'EG~
0€°85"

cra'as
09} hhvn
BibLL
.qmm.cm\

PET'BE—

086'v0L—

FEBELL—

EE9BEL
fay= fW
Seeeel

ZLEBE b~
BLLPh b
0z8'br L
BEF'PG b—
897091 —

Ph

Boc
2f

T
=10

=3
=3

80

20

T
110

T
180

T
200

T
210

1 (ppa)

51



'L
9051~
org'L-"
gl

Tl
BEV P

SZyr—

BA0G—
BYEG—

Boc
2g

106
beoy

nz
Mz

Faoz

E60

=00

F0o0L

G6'T
ﬁmmmf

0i6°€C~—
PLG'BT

05562

089°Lp—
669°L6—
£ra'9L
09144

RS
8956/

BEL M L—

6769 4
V9L 4ZLs
607z

£6L0FL—
2498k L—

L0885 L—

Boc
2g

e

-10

Lo
=3

80

90

T
110

T
180

200

T
210

1 (ppa)

52



9051 —

A

Flos

%v_..w

Fooy
Feou

W.hm,.

060
L.vom
ke

)

Els8c—

189EP—
TN
BES 6P

mqmmh
omf.hhw
8ivLL
cZe0s
czs'08

0BEElL~,
[CER T

Bm.m?
RIS
86 21T
M=
Y90°8E b
JOEBE LS
i0eor L,
zhrrl

Nm_..mmf
96£'85 ,.v

n

-10

=3
=3

0 90 80
1 (ppa)
53

T
110

T
180

T
200

T
210




6814
S0C4
YeT'd
s
0922
il
6T
60E°L
0EE™L
ElvL]
BEy L

COOEt
N

Ferg

= sod

| =
%m,‘ o

W g

% oeq

o

ch

9z
al

T

)

CCAEL—

CZZ'BL

m_.m.mmv.
S69'GE~
65998

SPLG—

60E°08~,
6208~

929
Y0 i,
V9" 24
£4£08
92808

GEEFLL~

-
peE gl
6042 1|
9ELBZ L
BIFEZ I~

E6rBE LN
POPEEL—
ZELER b~
osbtel”

LI5S L—

L2604 —

COOEt
N

l

T
-10

80

20

T
110

T
180

T
200

T
210

1 (ppa)

54



by l—

BALE—

904 —

SChE—
bope—

Ph

Fars

Fare

Feoz
Fool

=oot

Fsoz

fmow

80’}
mew

vl
602

AEEBC—

£ZLEG~
BZE'GE

cra'as
omf.hhv
BibLL
ArZ'08

80LEl fv
G
LEEEA
98682 |
CHELT L
686221
0EB'BEL
£80°8E L~
2ESOF L
¥i9 9:‘\
k=T

BSEPS L—
EEG/GL—

Boc

Ph

T
-10

80

T
20

T
110

T
180

T
200

T
210

1 (ppa)

55



96E"L—

6L E—

o9 —

240°G—
85926

09497
1849

2189
£06'97
Y0691
6969
9469
196'9
26697}
510°
0z0°2

12024
052"
ave'.

Z9€ L
1882

=

Boc

2k

Fooe

=.llE

Tz

=00
=80

Fele

anm

=60z

)

1)

=)

=)

1 (ppa)

052'8T

AZYEG~
60E'G5

c5L°84
mmo.hhw
4887 L
m.qm.gm.\

EPOELL
BOETLL
GESFLL
=1 =10

026221
60282}
88C8E 1
S6LVEL-F
VELGE ,‘\

PCEER L —

Paarsl—
915461 —
V9T 18 L—
(A7

Boc

2k

lxljh | |

T
-10

10

T
20

T
110

T
180

T
200

T
210

1 (ppa)

56



965 rH-—

Boc

2k

T T T T T T T T
-110 -1200 -130 140 130 -160 I =180 -180  -z00  -Z10

T
-100
£1 (ppm)

T
-g0

T T
20 -30

-10

a0r'l—

89476~
£19€

9Far—

800°6—
B5CE—

Boc

2]

[zoe

G0E
ﬂ”:.m

061

Fe60
=00

Ele

Whmm

a6l

a0

=)

£1 (ppm)

=)

57

)



LivBZ—

6ra'ES
98e mmw
FEPGS

Erg'9s
omf.hhw
2ip'LL
mmw cm\

GZBTL~
SELENLT

CLLAEL
lzoeg ,.Wy
6082 ,.\

Ob2'LEL
BZLGE ,.\

VELPRL—
BS0EG L~

595761 —
ElaaGElng

Boc

2|

-10

Lo
=3

T
100 90 80

1 (ppa)

T
110

T T
Tl 160

1

T
180

T
200

T
210

28e'l—

VLLE—

69—

P6LG—
06E's—

190G,
Toaa
S -
5054

bt/

Wmmm

Boc

2m

CF3

=B6T

Fest

Fe60
00l

vE'L
E6'}

66}
E0C

58




9EE'BT

655 EG~
1 4=l=ney

cra'as
omf.hhv
iy mh\.

pEEEDR
£25'9) 1
05622 b
012°5Z b
LTS
#8252 1
07£'GZ 1
759'GZ
260°22 I
PEO'EE b
PoE'RZ L
A€ '6E b
96967

21008}
BEE0EL

3
E

854°PE L

LLAER b~
PREER L

CA6PSL—
0L 4G L—

Boc

2m

CF3

A

-10

=3
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

EP5Z9-—

Boc

2m

CF3

T T
—63 —63

T
—61

-49

7

T
4

£1 (ppm)

59



0EV 1 —

BEET—

LALE—

L9 —

0b G~
LVEG
ares

Boc
2n

|06

=e0e

=B0E

Fos

=560
=00

e
LI
o0 N —

646°02—

= BRECE,
E01'6E
LIEBE
=) 0Z5'6E
o 82.°6E
ZE6'GE

o EB9ZG~—
FE0'GE

8iT6L—

4.0

1 (ppa)

=)

i COvELL
ars m:v

P galez)
w 90962 »
804 /2 1%
98052 |
946821
SEEDE L,
Nz ie)
= arE'ee 1\
< 1LObb |

araesl—
I £4878651—

Boc

2n

| ﬂ

T
-10

=3
o

80

90

T
110

T
180

T
200

T
210

1 (ppa)

60



vl —

BEIE—

SE9P—

0Fl 5~
Qe

59/
98.'9
S68'
v16'9
Z€6'9
060"
802
s
812
Libs
9512
8512
[
7522
09z,
Lig

Boc

20

]

Eyo6

=00e

=861

=860
=00}

=860
=100
96'€
Zoe

2.0

r=)

=)

4.0

45

£1 (ppm)

£LE'BT—

985 PS5~
66155

craas

mmw.hh
£le cm\

§é:
w9l f/
6790 by
00252 :,/
SRE'CE L

T L,w
120'82 bt
20067 17
ey

CEEER b~
90EEk L7

199°PG L~
868851

Boc

20

-10

Lo
=3

60

130 1z0 110 100 80 80
£l (ppm]

140

200 190 180

210



Pirl—

LEET—

reLE—

log'r—

E0LG—
BPEG—

Boc
2p

Feea

=e09

=Zle

Fes

Faoy
=001

eg'l

%vom

)

0.

0

)

=]

)
i

6.0

ppm]

14

6ZF 12—

PEE'BT—

Or0'pG-
E9F'55

craas
omf.hhw
2ip'LL
mww cm\

06 E
6ZLEL ,.v

i A
667121 —
Barez i
B6E°SE |~
e
sezeel”
YR L—

SL085L—
PEs LG

Boc

2p

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

62



appl—

S8.E—

EGOp—

L50°6—

ZepE—

Feos

=0le

Froz

Feeso

oot

86
FELT

ﬁ.vmc

heoz
!

6BE'BT—

EZFEC~
B6E'G5

cra'as
omf.hhw
8ip°LL
Dmm.gm.\

DLTEN~
arLELL
9L 12 b
09v'szh

Ba0'5 1>
L00°8Z L
120°GE b~
LLLBE b
LIZ0p L

48085 L—
665G L—

T
=10

=3
=3

20

T
110

T
180

T
200

T
210

1 (ppa)

63



oz b—

LALE—

9l9tr—
266’ —

Prre—

5829
5089
0868
0669
VEO'L
£p0°L
55072
PRAN
AN
0al's
6l
08z's

Boc

n

2r

Tooe

=60e

Feoz

Fas0

ool

Fp0T

Wmm.w

T
40

1 (ppm)

90E'8Z—

EPIEG~
80€°5

cra'as
omf.hhv
Bib'L L
£EE08

GEBTI~
e

066°€C )

205'vE ,.V
ooy igi

Y6248 fW
HOgEL—
L9878 LT
L6520 L—

00675 L—
05761

Boc

2r

T
-10

80

20

T
110

T T T
0 180 150 140

T
180

T
200

T
210

1 (ppm)

64



Zirl—

ELE—

06v'r—

bPEr—

08z's—

]

Boc

2s

806

=80¢e

Froz

Fieo

=00}

Jmm_u
Eele

ﬁmm '

=60
Freo

£5£'8T

IR ES~
25866

cra'as
omf.hhv
Bib'L L
mmm.cm.\

PREBO L~
[AEEAT
ESLELT

LGPl
L9671 —

BE0'GE L~
182681
obyee L
£8LEp LT

EPOEGL—
B19°4G1—

Boc

2s

| leu J JJ |

T
=10

20

T
110

T T T
160 150 140

170

T
200

T
210

1 (ppm)

65



LV

68—

Boc

2t

PH

Tmam

=l0e

Fos
Foso
=00}

ooz
pEL

e
m\mwm
Km_‘w

E0')
260

20

)

3.0

)

4.0

=)

£1 (ppm)

Livse

Vi G~
G9E'SG"

ra'as
09} hhw
Biv'LL
qm,..om\

095601
BL6'801
QL0ELL
BEOELL
SrEBLL
ECLOZ
SEVOCL
CBEET
L95ETL
LIEPEL
Ye0'8Z L

S G L—

Boc

2t

PH

T
110

120

130

-10

90 80

£1 (ppm)

100

130 180 17 160 150 140

200

66



98 E—

Nmm.v
546 vv

ZiEs—

949°6—

6829
042!
74T L
Z6Z /L
wmw.h\ﬂ
90€ /-]
608/
gles]
57
azes
07E /]
PPE ]
958/
L9E 4
59g/
=y
0

©)

Ph

Boc

2u

hmmm
6l

FE6T

oot

ol

Wmmo

fmmm

Eroe
Ez6)

Loglk—

POE'BT—

BE0'EG~—
AEGE

craas
09l NHW
8ib'LL
o8 mh\

EFZEL~
opL 'yl

ZT60z Ly
50022 1o\
99282 |
£950E L
B181E )

499°0F b—

606k L
PATR=EIRN
SPLBS L~

Ph

Boc

2u

T
=10

=3
=3

20

T
110

T
180

T
200

T
210

1 (ppa)

67



LV
SELL
£G1°1
60E _‘\
SG4°1
2441
0621
2081
L2381
9ra’L
P98’
ragl”

88 e—

958 r—

CPES—
L5676

Ph

Boc

2v

|

FrLE

%mmm

Fioz

=6

=0y

o
a0

—:. pEE

E0}
.,WMDDN
“PEL

)

1 (ppa)

osyll—

Wware—
ElBZ—

LBE'GE—
¥8.'86—

mww.mh
09l NHWN
mhw.hh\
N.qm.mh

GEEELL~
0BE'ShL—

£68'97 1
804421
LRzl
18908 L
6521617

600 L L—
0Fy ibL—

PAT=R=
FIZes L

e

Ph

Boc

2v

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

68



OFE -~
20571
585 _‘V

b9L'e—

67—

9E45,
25467

6CL8—
4614
olzd
iz
0EZ2
BEC'L
B L
0822
042 h._
[ =rars

/\%
°¢ pp

N
B
2w

Feos
E0E

=LE

Fenz

Foo

Fese

8Ll
chw

1 (ppa)

arael—

£9E'8T—

0it'8k—

20r'GG—

craas
09l NHW
LiviL
946 mh\

8rSELL—

mmm.wm,./
mmo.mmT\w
wmo.mm,.g
wom.mmf\
m.qm.wmﬁ.\
mom.mmf\
Nmm._‘v,.

BECEG L~
9627451

Boc

2w

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

69



0S8 b=

96—

4P

il N
reap"

Boc
2x

=e0s

=80€

=E0T

66'0
A.mzﬁ

1 (ppm)

e 0Z—

BEE'BT—

068'65—

cra'as
omf.hhv
BibL L
mmm.gm.\

LBETMLL—

PASGE LN
LE0GE L
ZvsezL”

EEL P~
096°2p 1"

PAVEN =)

Boc
2x

T
=10

20

T
110

T T T
160 150 140

170

T
200

T
210

1 (ppm)

70



LW

mmo.m
Ko.mﬂ.
2286

Boc

2y

Fros

ooz

960
=860

6L
£5')
15E
0z

0.3

4.0

4.3

1 (ppa)

FEFBZ—
£al're—

0:9'6F—
BiPGE—

craas
09l NHW
2ip'LL
_._.c cm\

OLBELL
.Z.D.w:v

166521
PRG LT b
£8E°8Z |
(A

LIEGEL
£95°0p b —
EERSh LA,

L96'PG L—
269°G61—

Ph
L

Boc
2y

T
=10

80

20

T
110

T
180

T
200

T
210

1 (ppa)

71



86,8
.w.\.m.m”v.

VB —
sSLar
GERP~L
26 r—
8E0°G
190G

629
679
828
089
GER'S
L 26°9
BET h/
0824
0822
E4TL
LEL
SgEL
bPE'L
boE" "

=

Ph

N

Boc
2z

I 004

109

Whmc

64

eq
Zig
20

Ak T

904

T
o
2

~
=
10

1)

1 (ppa)

905 £
.qmm.hV-
1920k
29041

BEE'BT
\.wm.mmv.

.qm.wmm
_.mw.mmW.
Ci5'95

craas
09l NHW
VLl
¥EQ cm\

o) m:‘v

B8
806921
986/Z1
100821
ZI0ETL
BGT6ZL
B06'PE L
SCGEL
08E /€L
SE0EEL

BZ6VG L
varSh
o622

V

Ph

Boc

2z

-10

=3
=3

0 90 80
1 (ppa)
72

T
110

T
180

T
200

T
210




ozel—

Ph

Boc
2'a

=806

=00

=66 |
TEzo
=002

4.0

45

£1 (ppm)

6.0

=)

85T —

TH8'9LN,
0922
B LL
62068

EELES
16642 J/n
L6V'8Z)
980621~

VECOE L~
SBEBE L

EEGQPL—
EEGZGL—

B96 1L

Ph

Boc
2'a

T
=10

80

20

T
110

T
180

T
200

T
210

£1 (ppm)

73



2T l—

Cl

Ph

Boc
2'b

=06

P60
.Awmc

=00eC
al's
WNDN

9B85°LT—

Nﬂ.m.wh
cw,. hhwn
Biv'LL

EEZ'PB—

LEFEILY
96582 b
209'82 Lt
osEazt

05rez Ly
SoREEL

Ne.mmiw

2848k L—
00ges—

= Y

Cl

Ph

Boc
2'b

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

£1 (ppm)

74



L5 —

9ZeE—

246~
26467

wmm.m/
mmo.)f
ELIA
e
09z’
85e/

=

Cl

Boc

2'c

=806

=809

860
pE0

= 060

E0C
=002

1)
I3

o

8.0

ppm/

14

80k 12—

E6542—

Tpe9L
09122
v
aylpe-"

LEE AL \
099°'vel
VBC'6Z L/
OFP8E by~
arl el
EGLEEL
8206'5E ,‘U/.,r
296'8E ,.%.
YOO'BE L
CiEerl—

PTG —

L66' LV

Boc

2'c

Cl

T
=10

=
=3

80

20

T
110

T
180

T
200

T
210

£1 (ppm)

75



25T 11—

Cl

Boc

2'd

=806

860
Acn_,.

oy

IR 4

heie—

E£ra'9L
09} hhwn
8ipLL
Plere—

2= =103
mmmm:.v

Vs
EpdBiis
LBY'BZ L
BYE'BZ L
94662 fW
PrEEE {w
WBEEL
04494
9ELGP L—

20ges—

589191~
ECLPOL—

L6 ML —

Boc
2'd

Cl

T
=10

Lo
=3

80

20

T
110

T
180

T
200

T
210

1 (ppa)

76



890°EL-—

Boc

2'd

Cl

T T T T T T T T
-110 -1200 -130 140 130 -160 I =180 -180  -z00  -Z10

=100

T
-g0

T T
20 -30

-10

£1 (ppm)

6T 1—

0zZ8eE—

Cl

Boc

2'e

LL

—00'6

~96Z

0
"-z60

Jmn_w
=e0eC
SEVT

77



Pi9LE—

1ar'es—

E£ra'9L
09} th
8ivLL
6FZ PB—

BEOFhb—
08891~

SOLBEL
9CLBE b~
£6E621
ZhrBE L
SEREEL
SE6'8E L

bagorl—
PEEZGL—

CA6'BGL—

08lZil—

Cl

Boc

2'e

l IJJHJJ II

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

VAT

o
R
o

Cl

Boc

2'f

Jo

~Bl'6

- 860
=00

15
£l (ppm]
78




AB57LT—

mqm.wh
cw,. hhwn
BivLL

29r're—

LELBLL
Y9828 f./
L GR'GTL
[axa=rA
alEBElL
(=014 ,‘V
LBEEEL—
GLE8EL
a5 Lel
509 S:‘\

9EVISL—

95671 —

Cl

Boc

2'f

-10

=3
=3

T
100 90 80

1 (ppa)

T
110

T T
Tl 160

1

T
180

T
200

T
210

Fooz

=0

szw

=86

Fioz

79



S8’
mt.mvv

qqm.mm
Fic4 vmw
PEG'GS

ra'as
09} thn
8ipLL

50228 f\\\

zzeld

B0EZ5 |
PEETS fV
59695 -

T
=10

=3
=3

T
100 20

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

2e5Z6—

T T T
-lo0 -110 -120 1300 -l140 -130 1600 17 -180  -1800 -Z00 -2l
£1 (ppm)

T
80

T
=20

-10

10

80



= J6'T

Froz
Feoz

861
Fooz

0.3

0.0

)

1 (ppa)

668'02—

LODZF
0622

m_.wmm
a6 mmv

£ra'9L

I\

i
22

B b bl L—
sap el
1898} b~
PLLBZL
BEO'EZ |
Z996E Lk
61708 L1
lezeeld
£.2TE) \
POLPEL

LELEGL—

-10

Lo
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

81



B6EZ6-—

T T T T T T T T
-110 -1200 -130 140 130 -160 I =180 -180  -z00  -Z10

=100

T
-g0

T T
20 -30

-10

£1 (ppm)

26T
PEEE
EPEE
08£e
E6EE
ECPE
BCVE
0sy m\
9baE
ri8 mV
968°E
PT6E
LAVEE
i6E
£T0'f
0s0'y

09T
98z L
£6C° 41
66T L
be
911
¥2E L
GEE" L
£pe Ti
191
G5E'L
20€ /|
i8]
082
68E 47
Z6E' 11
4B
S0P 4”0

Cl

Fooz
Fooz

]

82




068" L
mt.mvv

_.mm.mm
mmw.mmv

ora'as
09 hhw\r
mmwb.u

Z80° kL7
aob'elLs
A5O'E) b~
Z02'5Z 1y
Z20'67 1|
S9EEC
621021
SEE0EL
6.6'1E 1
ozoze L
S08'GEl

268716 L

Cl

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

LpEE—

Cl

T T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

83



PIEE]
15EE
65EE
96EE
807°E
BETE
SIPE
668E
BLEE-
96 E
896°E
L66E
520F
v0F
ok

RN

MeOOC

Fooz

68T
~402

T-oos
66L

=26

£1 (ppm)

EL6°LF
DDN.va
EL0ES
802 mmW.
FISES

E£ra'9L

|

*
aivis

LEPELLT

m@m&:w
ziesly
st
0LoIEL

29I L—

LEL1G—

LEF'E8L—

MeOOC

10 -10

0

40

130 1z0 110 100 80 80
£1 (ppm)

140

200 190 180

210

84



6826 —

MeOOC

220

-160

-140

—260

-240

=Z00

-180

—80 =100 -120
£1 (ppm)

60

-20

10

20

ZOEE
BEEE
LVEE
EBEE
06EE
LZFE
9ZF'E
pacid m&.
PEaE
,.ww.mV...
rO6'E
LEEE
EVEE
046€
sl0r
a0’y

Br

TR

Fooz
Tf

- 960
Wmmf
86’

HE60

85



1981y
mﬁ.mvv

CFZES
ars'eEs

ra'as
09} hhw\r
mmwb.u

ob'ez ,../;w.
L BE'DE L
219°0E L
QEELE L,

696'1E J__ﬁ
zareel

LELIGL—

Br

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

BETZ6—

Br

T T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

86



i

=00

=Ee0e

Fezis

OE6’ L
mmm.mvv

_.Nw.mm
mwm.mmW
SC9GE

E£ra'9L
09} th
mmwb.u

899°96~
80226~

B0 H L~
GEEELL

Pl BE by
560621
96E0E L~
SELEZElL
201 ZEL
LS0'BE L—

281G —

CLETI9L—

Il

-10

Lo
=3

w0 90 80
1 (ppa)
87

T
110

T
180

T
200

T
210




[

Ph

3f

T T T T T T T T
-0 -110 -1200 -130 -140 -130 -160  -170 1800 -190 -200  -ZI0

£l (ppm]

T
-g0

T T
20 -30

-10

Ph

39

ool

Feos

£l (ppm]

88



wrm.mm
sger
61987
ez’

2802
_.mm.mvv

_.Nv.mv
mNh.va
CiFpsT

LEG L L~
89zl

ey
ZEMEZ L)
LBTOE L
L15ZELT
095ZE L/

LEIPGL—

-10

Lo
=3

100 80 80
£1 (ppm)

T
110

120

T T
Tl 160

1

T
180

T
200

T
210

£00E6-—

T T
-190  -200

T
-180

-210

T T T
-100  -110 -120 130 -1400 <130 -160 -

£1 (ppm)

T
-g0

-10

89



68LE
SZTE
BETE
SOZE
LizE
L0EE
BSE'E~E
SBEEf
ZIFE
BEPE
SPPE
ZiPE
zZz5e
675 E
045 r—

=)
e

£1 (ppm)

mmm.;
E.N.mvw.
leezy
Si8'15
m.\.,. mmv

ra'as
09} hhv"
8ipLL

PE L L~
BGZ'PhL—
81Z8E 1
6L LEL
861221
648217
55884
ZEE'0E ﬁ\
992°2E |
ELEZEL
£40°28 1

BELPSL—

=10

=3
=3

60

130 120 110 100 80 80
£l (ppm]

140

200 190 180

210



280e6-—

Ph

T T T T T T T T
-0 -110 -1200 -130 -140 -130 -160  -170 1800 -190 -200  -ZI0

£l (ppm]

T
-g0

T T
20 -30

-10

COOEt

e

oo
S0

A
Faz

ook

=ELL

Wmmm

£l (ppm]

91



SELPL—

vBLGEY
L°SE
LBy
PEOZE
qom.m@.
HEDE
omv.amw
62905
ek Ly
oesse/
gearls
8l6'18

mqm.mh
cm:. hhwn
Biv'LL

SLZZ11A
6ZZLL
o7 vl

SEE Rt
985871
269621
60887 4
0588z 4
veaaz
vZ6az L]
66208 4
leene L

LCEPG
09185 fv

ciheesl
Z56'69 fv.

COOEt

N i '

-10

=3
=3

T
100 90 80

£1 (ppm)

T
110

T
Tl 160

1

T
180

T
200

T
210

VGE'PE -~

akes—

COOEt
N
Ju
3i

00k
el

T T T T T T T
-110 -1200 -130 140 130 -160 I =180 -180  -z00  -Z10

=100

£1 (ppm)

-g0

-10

92



Ph

il

Fooz

Eeoe

VVDQN

Fooz

[}
zhy
~lov

009" L
68 _;.v

mqo.vm
6rE vmW
919'GE

qu.wh
cw,. hhwn
LivLL

081 b
8ir
ErETiL
V0L 0Z L
[ A
CEDLEL
699121
PSE'BE L
PECOEL
908°0EL
Zallel
ZCllel
VESOb L~
0660 1

8EE28L—
4007461 —

Ph

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

93



08y'Z6-—

Ph

T T T T T T T T
-110 -1200 -130 140 130 -160 I =180 -180  -z00  -Z10

=100

T
-g0

T T
20 -30

-10

£1 (ppm)

597
Z0EE
PEEE
EPEE
208°E—
mo.q.mu\
8.8
arg mV.u
Si8E
G6EE
ZC6E
8r6E
866'E
S0y

5989
2888

920°s
430 NW
880,

092'2~
VT L
SlEY
BZE'.
€€l

=

Fooz

Fi0e

oz

Sgg )
gl
¥ LBE

1 (ppa)
94

)
i



PAVLR
a9 va.

_.wo.vm
9ve qu
PEA'GS

ora'as

¥
A LE

08041y
L5041y
BLZEl |
ZETEL I
£95'F) Lk

prA=R=10%y
or0 w:‘.\

zzi 0zl
026221
8622}
€664 1)
6210 |
066'1€ |
1202l L

SZEES L
90745 L~
LI
0L8°E9 L~

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

o=

BE0EE—

T T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

95



098'9
£15°8
£659
v6E9
1684
omm.mw
ey
9EE L

=

=
=

_)

e

)

Fioz

86
ﬂmmm
‘erz

a0y

=PZT
z0z

Nmo.;
Sty

PEA'ES
(=1 )
A0F'SS
Cra'Gs

cra'as

¥
AvLL

OEE M by
SPOELL-
et o
Lpsrl ,.\.
069°0Z 1~
a9l rel
ricrel
0LETE ,..*
ZOVIEL

LOP'EGL—
46695 b~
LGPBGL—

o

3l

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

96



994726 —

-210

-190  -200

-180

-1

-160

-130

-140

T
-0 -1200 -130

£1 (ppm)

=100

-g0

—80

20 -30 40

-10

CF;

)

Fioz

=00e

Fost

86

56}
=86
=8

(
97



2= NA
wwﬁ.mvv

FOE'PS
mow.qmw
Nww.mm

Mgzt
196SEL
resSzL
VEDDE L
BSE0E 4
Z890EL
SEEOE by
PPROEL
8619 L
HZ'9E Jy
ez 9E L
vzl

850251
54025 TV
6417451

CF3

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

PoRZE—

£6929-—

CF

=00

=I6T

T T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

0

l

-10

98



588'9
989
9888
5689
ZEL'L
Nm_..L
6Fl4
8zt
vzt
09g's
4904
SlEs
ECEL
bPE'L
9bE"L
reess

3n

Ll

)

=06

Fooz

soe
chw

02
/562
=
=102

LT

908" Ly
mmc.mvv

A06'ES
Le vmW\.
9B5°GE

ora'as
09} hhwn
8ipLL

(A
DYEEL I\
[T RTINS
avezt
ave szl
L 5Z 1A
slgEzt
BEC0EL—
6Z1'1E %
9602
1E1ZE LY
199°8E 1

SOEZSL—
22685 L—

3n

T
=10

Lo
=3

1w s 80
1 (ppa)
99

T
110

T
180

T
200

T
210




Livge—

220

-160

-140

—260

-240

=Z00

-180

—80 =100 -120
£1 (ppm)

60

-20

10

20

O.—-

S

30

Friz

60E
ﬂwcw

&0
eol
o0t

Loy
~861

1 (Dim
100



9Z8'PE
v mmv

PREES
o
104657

E£ra'9L

-
B Lid

e
£eo eIt
£6r'8LL
RS
1040EL
892121
169wz
01E6Z L)
1876 1|
LBLTE &\ﬂ
vErIEL

PA- A
49225 ,.N
885G

O———

-10

10

0

40

=3
=3

60

130 1z0 110 100 80 80
£1 (ppm)

140

200 190 180 17 160

210

T
=200

T
=190

P09 16—

O———

30

-210

T T T T
-100  -110 -120 130 -1400 <130 -160 - -180

£1 (ppm)

T
-g0

-10

101



=965

Fooz

B6'C
e

ooz
Wmmw

Z60
%mmc

1 (ppa)

e’z —

Nwh._‘v
690 mvv

Nmm.mm
952 vmW\.
BE9'GE

qu.wh
cw,. th.
8ivLL

BLE b L—
PEQELL-F
ZEG ¥l f\
204024
£91'8Z 4

£69°6Z fM
EPEOE L
GS0'ZE L

960°2E 4

seaeeld

ShyEsl—
46851 —

A

I}

-10

Lo
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

102



25026 —

T T T T T T T T
-0 -110 -1200 -130 -140 -130 -160  -170 1800 -190 -200  -ZI0

1 (ppm)

T
-g0

T T
20 -30

-10

0988
2089
68’9
6689
6074
604
LET L
ZETL
09Z'4
oles
BlEL
PEeL
oW

e e

/ \

3q

Fooz

=16

Fes1

o0z
w6860
=260
+06¢C

1 (ppm)

103



L#9'8€E
9r6'2E

SEQ'PS
mmm.qu

LN
90ZE D,r
9ZSFhbnk
£TL0EH
BTl
BETSZ 1|
LB6'8Z "
82108 L—
8lzZELT
zocze !

4927251 —
666951 —

/ \

S

3q

-10

=3
=3

90 80

T
100
£1 (ppm)

PI6Z6-—

T
110

140

T T
Tl 160

1

T
180

T
200

T
210

/ \

S

3q

T T
=100 -120 -140 -160 -180 =Z00 220 -240 —260

£1 (ppm)

T
—80

104



o
=]
a
~

0]
3r

ull

hgoe
=00
Tom

ooz
Foel

)
Lo0z

80798
0EL mmv

APA'ES
=i vm\V\
E59°GE

E£ra'9L
09} hhw\r
mmwb.u

B1S0LL
LEBTIL
SIS
618'0ZL
S029E Ly
bepizhy
5958 bt
B9L0EL—
BLLEEL
DAVEEL

bPLEsL—
004451 —

S s

S0

3r

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

105



0ECEE—

SN

S

3r

T T T T T T T T
-0 -110 -1200 -130 -140 -130 -160  -170 1800 -190 -200  -ZI0

1 (ppm)

T
-g0

T T
20 -30

-10

/ \

S0

3s

Il

Faoz

=Z0E

Forz

=160

=26

ooe
me,.

4'5
1 (ppm)
106




W0Ze
mmm.mmvr

SZL'PS
mmw.qmw
659°GS

E£ra'9L
09} th
mmwb.u

075 0Ly
28911
6T
ES LI
09}k

vBO9LLY
682071

becoel—

997 P L~
L08°EP L

44872580 —
CELVIGL—

/ \

S0

3s

=00}

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

PEEEE —

/ \

3s

T T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

107



BAFEY
SISE
ECGE
L9S'E
085
609
SI19%€
SP9E—
094°€7;
BEQ'E
998°E
068
LIBE
2z0'y
S50
0Ly
£ELP

EEAO~
8883
0l TW
€EE I~
BLE LT
S1r LY
€952
0608
NS.mW
1918

=0

o

3t

L

IUUU Lalll

Tmam

=062

T%N

096" L
Sl

mmw.mmV

8L1PS
529 mm\

cra'as

ebtfott)
8080}
005711
26202 11
Z95'0Z b
26502 11
SLLZZ 1
06622 11 |
BOB'ET L1

£87'9Z b j
V0242
982 L2l
90182 bf

9L0°0E I
BEEQE L~

865 L€ b~
SZO0P b~
SBE ML

9P —
L0685 L—

N
Ju
3t

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

108



L8726 —

0]

3t

T T T T T T T T
-110 -1200 -130 140 130 -160 I =180 -180  -z00  -Z10

=100

T
-g0

T T
20 -30

-10

£1 (ppm)

J

=80
=80}

#vaw

=Goe

%Dof

Rezoz
e
ress

)

a0

)

=)

ppm]

14

109



ZET I
LZLL
SELpLT
ozl

mww.mm
clg mmV.
ECLMbr
w_.o.mv\

945°GG
P09'GE
05065
mom.mmv
are'es
095729

E£ra'9L
09} th
8ipLL

E5PTH
I9E'ELL
9Pl
Qpd L
i
29092 b
LPETLE L~
02562 1]
598z 1
S50 1
9/5TE L]
mmma?

80725 b
SAPESL—
899 /G L~
ziegsLs

Ph

3u

T
=10

=3
=3

T
100 20 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

APS I L-—

04986 —

Ph

3u

—0EZ

—0o'l

T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

110



Fooe

w:aw

vv_‘cw

El0E

-00°h

90t
260
Roy

Fess

1 (ppa)

209'8

mmm.mw

1966
6402
868'0C
EIS'LE
c0a'LT

9ESBE
662 mmV.
CHER
6i¥ mqN

FA5'GE
e

Cra'ES
14988~

ra'as
09} thn
8ipLL

mmmm?
mDmeL
199 v
188'%1 1L
[3%=11

90L°0E L

50928 4n,
148651
569451
Loarasl

Ph

3v

N

T
=10

=3
=3

80

20

T T T T T
200 190 180 170 160

T
210

1 (ppa)

111



=poe

Tgaf

= W To s
a0°e4

-1z00 -130 -140 -150 -160 -170 -180 -180 -Z2000 -Z10
M-t O0DONTED—MDNW
M- ODOEONODWOS M —OLWDMm
TETOOOOMOONNANNNDWW
05 07 07 03 00 09 00 00 00 03 00 09 09 00— — —
R

EEHE— —oo L

-110
o
o
]
o

L

=100

£1 (ppm)
[}
@
[
o

ZhE 06— —6rl |

oz 89 S
< i o) o
0589 v6l
o cime’ F
3 092 £
" S121 T Fez:
18z L o
- 86T L
O 1084 3
’ (32]

90
©
=
@
il

40

-30

)N\
3v
.
=20
owm
245
R

-10

112




£58F by
learl
cE6'r J‘
Lo L

P0G R
%m.m_l_‘r
LE9F
Em.mvw
LIEES
029 mm./
BEE P
9r9pg]
et

ra'as

"
s i

80z
80/71L
WO GLL"
089 0C L,
FosEE L

96682 T,“,..

PEEBEL
BSY'BE ,.W
S0SBE L
PEY'ZG by
CEGZS|
085251
056'85 ,.Mx
166851

SN 1| 8 VA

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

180

200

T
210

PrES0L—

L0046 —

=0k

=00

T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

113



2851
nmm.vv

zEl L
1GhL
6914
092 IS
£9E" L~
goe s
Noq.%%
652
geg /]

| W

=00e

=00l

=101
050
+00')
=8r0

SeE0
v 861
w6l

0.3

=)

mmm.amv‘

HEF&ES

LIEBE

mm:m
:N.EV

mmchh
[#4 hhv

lEGPB--
£99°'98~"

1862117
£45ET b—
81662 1,

BEZBEL—

OFFESL—

T
-10

80

90

110

T
180

T
200

T
210

£1 (ppm)

114



osgiee—

220

-160

-140

—260

-240

=Z00

-180

=100 -120
£l (ppm]

—80

60

-20

08e2-

Aol

Ph

3y

i)

Faoz

0t
00z
mem

£l (ppm]

115



00£'8T
wmm.mmv.

0S¢
el
G657
958k

829°66—

mqm.mh
cm:. th.
8ivLL

091z,
riEELL
v
522424
1892}
ovi gL~
865081
BOEEE LT
LLPEEL
8EL'GEL

SGL0SL—

29985 L—

-10

Lo
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

200

T
210

VELLOb—

T T
=100 -120 -140 -160 -180 =Z00 220 -240 —260

£1 (ppm)

T
—80

116



—

3'a

ke0z

=002

BO'S
Wmom

£l (ppm]

m.qm.hm
mwf.mmv

cra'as

*
AvLL

26780}
PI5E04
62604
SrEOL
GrL oLl
PRE 81
PEPSZLL
E99Z1
Laveeh
L0662 1
18T %
veezes]
159°GE L

ZEEDSL—
869181
991°r9 ,.M
68679 ,.H\
EETE01

L

~

-10

=3
=3

80

90

T T T T T
200 190 180 170 160

T
210

£l (ppm]

117



bEEObE—

T T T T T T T T
-110 -1200 -130 -140 180 -160 I =180 -180  -z00  -Z10

T
-100
£1 (ppm)

T
-g0

0

T
20

-10

815°e,
SEGE
705°E
805'E
045°€
2.5°€
Z65°E
hoed

Cl

3'b

Feoz

=00

roc
w”N_.m

118



mqm.hm
mwf.mmv

Cra'asn

*
AvLL

46¥°80 ,‘._,
15801
62601 ,.W
9rE 0Lk
Srlal fwv

PRER LY

PEPSZLL
EOSEZ )
Laveeh
L0662 1

18T %
reeze ]
159°GE L

ZEEDSL—

869181
991°r9 ,..V
68679 ,.H\
EETE01

L

Ll

Cl

~

-10

=3
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

ECC0M—

Cl

T T T T T T T
=100 -110 -120 -130  -1400 <150 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

119



ogge—

L06'9
Bm.m#
P00 L7
sz02
092" 4~
s
Loy

Cl

3'c

LJL'

=019

Feoe

00z
M:ﬁ
202

=E0T

0.

4.0

4.3

1 (ppa)

colelz—

jerasieg=l)
LiTE mmv

BZFE 0L

‘
84y 144

14680~
990F LH

9524921
1452821
2756 BTIL
9IvEBE
0Pk '6ZL
vezaszidr
0552 0EL
rersgeL
eggesd

£86' 06—

mm_.m.mmf
Nmmm.mmfv

Cl

MMM

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

120



PAEQH-—

Cl

T T T T T T T T
-110 -1200 -130 140 130 -160 I =180 -180  -z00  -Z10

T
-100
£1 (ppm)

T
-g0

T T
20 -30

-10

06v'E
BOSE
LE5E
9p5E
PO5E
S85E

9e0°'s
6¥0°L
204
08z'2
04274
ezl
6872
roE'L
GBE"S
bor'd

1

]

3l

4

\

Cl

e

|

Feoe

oge
Gl
002

121



mqm.hm
mwf.mmv

Cra'asn

*
AvLL

46¥°80 ,‘._,
15801
62601 ,.W
9rE 0Lk
Srlal fwv

PRER LY

PEPSZLL
EOSEZ )
Laveeh
L0662 1

18T %
reeze ]
159°GE L

ZEEDSL—

869181
991°r9 ,..V
68679 ,.H\
EETE01

L

Ll

Cl

~

-10

=3
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

CLBZl—
b9E0b—

N
Ju
3'd

Cl

T T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

122



1bEq
Sav'E
£av'e
005°€
11G¢€
segedf
Ta5€
98¢

e
v8°9
ms.h%
8E0°2
[N
vee LT
09g 4
B4E'L
ooyt

Cl

O—-—

soz
=00E

o0z
=861
=002
002

)

-0.

o
e

4.0

43

1 (ppa)

m.qm.hm
.qu.mmV

9Zr'GG—

qu.wh
cw,. th
LivLL

VEBBO LA
B9E"LL L~
9957} b~
8ec izl

SEELZL

189921

A
2096217
zieL
805'5E L

bOS'05L—

8C8'8G L~
EET'E81
94759 ,.V

Cl

O———

-10

Lo
=3

T
90

T
110

T
180

T
200

T
210

1 (ppa)

123



S Ob-—

N
e
3'e

Cl

220

-160

-140

—260

-240

=Z00

-180

—80 =100 -120
£1 (ppm)

60

-20

10

20

095°E
9458
965
HoE
PESE
L59E
049
4898

Cl

Feoz

wB6T
Jeo

oo
MEN

Y-
124



QLEEE
149 mmv

Cra'a sy

3
AvLL

99780 L~
G0B'0LL——

400°82 1y

1686z 1
1rogel’

E4051—

041591
£i789 ,.v

Cl

3'f

o

-10

=3
=3

T
100 90 80

£1 (ppm)

T
110

T T
Tl 160

1

T
180

T
200

T
210

SLOTbL—

Cl

T T T T T T
-100  -110 -120 130 -1400 <130 -160 - =180 -180  -z00  -Z10

£1 (ppm)

T
-g0

-10

125



BEE'}—

PLLE—

G898 —

£0} 5~
TZEG
95

£01G—

CZEG—
9EE G

Ph

Boc
(z)-D-2a (73% D)

2z

49
8z

)

5.10 5.05

5.30 5.26 5.20 G515
£l (ppm)

5.40 5.35

.45

Fose

=00E

Fost

L0
90
8z'o

E0E
wmwg.m

4.5 4.0
11 {ppm)

5.0

D-3a (72% D)

1

Faz

=e0e

Wm_‘w

=00

Fars

)

126




Pr0e—

SiBO,
56897
08¢ 4
|EE h/
BYE L
GOE' L
LBEL
96E £
8lys
9ey L
(i
1974
say' L

Bu

OH

By

==

=008

E roq

F oo

= 60

= e0g

= L&

= G0

€0
£c'y

s

—0.

BEL'BE~
P 097 0E~"
by pE

ol BT PP

e 2955~
5al'85—

) cre8s

L T
ALl
] Fm\\

4.0

T
4.5
£1 (ppm)

GG T
01902 L
Lo SISEL
9812}
SPLBE b
L= B26'8Z 1,
@ s e
61 |
s LTVGEL
i 80228 b~

= 48LEG b~
X LEEY
1299517

OH

>
as]

-

By

-10

Lo
=3

80

90

T
110

T
180

T
200

T
210

£1 (ppm)

127



Al
95¢'T
CivE
1872
£05C
215¢
YEST
BY5E

Far

—00e

Eale

Figy

eso
Te8o

)

1 (ppa)

6L EE
mmm.mmv

049'G5~
BERLGT

£ra'8s
09} 22

8.7
ale08-F

90418
mmm.mm.\

Pyl
94908 b
66052 Lr
L6722 T/
95522 1|
JETCTARS
PrEEE f%
£6E'1E L
BE6'EE L
£92' 1 | —

BAPPS L~
199'95 L

L]

-10

Lo
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

128



SZLele—

-00'l
8900
100

-160

-140

=Z00 220 -240 —260

-180

—80 =100 -120
£l (ppm]
129

60

-20

10

20



PES'L
mmm._‘v

Zive
;144 w/
St NW
2ov'e

POLE
LZLE
mm_..m\

88.e—
Lrly
2oLy
accy
082t

EI6G

el

86

=06'T

Fooz

960
W.E:

=lo0e

66'C
v
e

FI60

)

1 (ppa)

P62 LT—
CBTEE—

299°GG—
S6L46
Lige—

E£ra'9L

091744
8ipLL
m.qo._‘m\

20L'e6—

VEP L
165021
ELZSEhy
zZ08z L
557821
€088z}
1Z8°8z
198°8Z
ZELOEL—
ovs'LE LT
\ZpeE L
4 HTIEN
ELPERL—
BBE'SE L

arsrsl—
8858517

-10

=3
=3

80

90

T
110

T
180

T
200

T
210

1 (ppa)

130



v8LE~
sog'e”

8189 —

G06'9 .
12697
0922~
882 L%
- s0€'L
o £e€°L
6vE'L
08€'2
Lov'L

6'C
%4

(ppm)

f1

869 GE

929 66 —

N

089 "£GT —

650 "8GT

-10

40 30 20 10

50

200 190 180 170 160 150 140 130 120 110 100 90 80 70
£1 (ppm)

210

131



