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Part 1: General information

Unless otherwise noted, all reactions were carried out under an argon atmosphere as well as anhydrous conditions,
and all reagents were purchased from commercial suppliers without further purification. Anhydrous tetrahydrofuran
(THF) and diethyl ether (Et,O) were distilled from sodium-benzophenone. Anhydrous 1, 2-dichloroethane (DCE),
dichloromethane (DCM), acetonitrile (CH3CN) and dimethylformamide (DMF) were distilled from calcium hydride.
Anhydrous toluene was distilled from sodium. Anhydrous chloroform (CHCI3) was distilled from phosphorus

pentoxide. EtsN-3HF (98%) was purchased from Energy.

Reactions were monitored by Thin Layer Chromatography (TLC) on plates (GF254) supplied by Yantai Chemicals
(China) visualized by UV or stained with ethanolic solution of phosphomolybdic acid and basic solution of KMnOs.

The products were purified by column chromatography over silica gel (300-400 size).

The NMR spectra were recorded on a Briiker Advance 600 (*H: 600 MHz, '3C:150 MHz), Briiker Advance 500 (H:
500 MHz, 13C: 125 MHz), or Briiker Advance 400 ('H: 400 MHz), with TMS as the internal standard. The following
abbreviations were used to denote multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of

doublets, m = multiplet, br = broad.

IR spectra were recorded on an IRPrestige-21 FTIR spectrometer. High resolution mass spectrometric (HRMS) data
was recorded on Briker Apex IV RTMS by using ESI method.Radioactivity was quantified using a Capintec
Radioisotope Calibrator (CRC-712M) ion chamber. Radio-TLC analysis was employed to determine radiochemical
identity, purity, and yield. Radiochemical reactions were monitored by radio-TLC on aluminum oxide plates coated
on aluminum foil (Catalog No. 103016) supplied by Analtech. Radio-TLC was visualized by UV and analyzed on
an Eckert & Ziegler AR-2000 TLC Scanner. For analytic radio-HPLC, either a Synergi Fusion column (250 x 4.6
mm, 5 um) or Phenomenex Prodigy column (250 x 4.6 mm, 5 um) were used. The mobile phase comprised varying
ratios of CH3CN and 0.1% aqueous formic acid or 50 mM Ammonium Formate (40:60, 50:50, or 54:46) at a flow
rate of 1-2 mL/min, with injection volumes between 20-80 L. The HPLC systems consisted of a Waters 1515
Isocratic HPLC Pump equipped with a Waters 2487 Dual A Absorbance Detector, and a Bioscan Flow-Count
equipped with a Nal crystal, controlled via Breeze software, or a Prominence LC-20AT HPLC Pump equipped with
a Prominence SPD-20A Absorbance detector, a Bicron frisk-tech radiation detector, controlled via eDAQ

Powerchrom software.

Analysis of crude reaction mixtures and isolated products 2a', [*8F]KP23 and calibration curve was recorded using
an Advion-Avant Interchim Scientific HPLC and UHPLC equipped with a Luna C(18)2 column (250 x 4.6 mm, 10
um), A-2041 UV-DAD (2 Hz, 200 — 400 nm), A-2045/A-2046 UV-Vis DAD (20 Hz, 200 — 800 nm) and Carroll &
Ramsey Associates (Model 105-S) analogue gamma detector. Calibration curves using authentic standards for the
two substrates was generated by preparing samples of varying concentrations via serial dilution, starting with a
solution of 0.2 mg in CH3CN (1.0 mL). These were injected onto the HPLC system in 20 L injection volumes from

a 1.0 mL stock. UV response was measured by integrating the peak of interest on 254 nm wavelength.
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Part 2: Supplementary data

2.1 The explanation for selective control of acyclic and cyclic internal alkenes

The differences for diastereocontrol of acyclic and cyclic internal alkenes can be explained through a stepwise
mechanism. As shown below, after the addition of N-centered radical onto the acyclic internal alkene, the rotatable
C—C bond allows for the formation of two aziridinium ion isomers. An anti-addition of fluoride ion to the aziridinium
ion species then produces the B-fluoroamine product 2ah as a mixture containing two diastereomeric pairs in a ratio
of 1:1.

On the other hand, for cyclic internal alkene substrates, the conformation limitation will prohibit the free rotation
of the C—C bond for carbon radical intermediate. This leads to the formation of single aziridinium ion intermediate,
which undergoes syn-addition by fluoride ion to finally produce the cis-B-fluoroamine 2ag as the major product

(cis:trans = 7:1).
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Supplementary Fig. 1. The explanation for selective control of acyclic and cyclic internal alkenes
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2.2 ESI-MS experiment

We performed Mass spectrometry (MS) experiments by an AB SCIEX TripleTOF 6600 instrument equipped with
an electrospray ion source. All substrates mentioned below were dissolved in DCM. FePc (5.7 mg, 10 umol) was
dissolved in the DCM (0.05 mL) and subsequently diluted 100-foldto give a 2 mM FePc solution. Similarly, an 8
mM solution of EtsN-3HF was prepared. The FePc and EtsN-3HF solutions were then mixed in a 1:1 ratio, yielding
a solution containing 1mM FePc and 4 mM Et;N-3HF. After allowing the mixture to equilibrate at room temperature
for approximately 5 minutes, it was injected into the instrument to record the source spectrum. In addition, we
performed collision-induced dissociation (CID) experiments to detect fragment ions for the given m/z values under

various CID voltages ranging from 10 V to 50 V. The CID spectrum was recorded under a CID voltage of 23 V.
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Supplementary Fig. 2. Characterization of HNEt, by mass spectrometry in the mixture of FePc and Et;N-3HF:

calculated and measured isotope patterns are represented by red and blue line, respectively.
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Supplementary Fig. 3. (a) Characterization of (FePc),O by mass spectrometry in the DCM solvent of FePc:
calculated and measured isotope patterns are shown in red and blue line, respectively. (b) Fragmentation analysis of
m/z 1152.1631.
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Supplementary Fig. 4. (a) Characterization of FePcF and FePc(OH) by mass spectrometry in the mixture of FePc
and EtsN-3HF: calculated and measured isotope patterns are shown in red and blue line, respectively. (b)

Fragmentation analysis of m/z 587.0828. (c¢) Fragmentation analysis of m/z 585.0871.
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2.3 DFT calculations

Density functional theory (DFT) calculations were performed using the Gaussian 09 softwareS!. The B3LYPS2-%4
functional, well-documented in benchmark studies for iron-oxo systems 56, has also demonstrated accuracy in
related iron-nitrogen systems, as confirmed by recent electronic structure calculations®”S® and theoretical Mdssbauer
spectroscopic parameterS®. Therefore, the B3LYP functional was selected for this study. Geometry optimization were
carried out using the UB3LYP-D3/def2-SVPS!? method. Frequency calculations were conducted to confirm that all
intermediates had no imaginary frequencies, whiletransition states showed only one imaginary frequency.
Additionally, intrinsic reaction coordinate (IRC) calculations were performed to verify that the transition states
connected the correct forward and reverse intermediates. Spin populations were obtained through natural population
analysis (NPA). Single point energies were calculated with the UB3LYP-D3/def2-TZVP method, and solvent effects

were evaluated in dichloromethane within the SMDS! model.

We explored the reaction pathways across different spin states, presenting the most favorable spin surface in both
the main text and supporting information. The spin state of the iron complex is denoted by the superscript in its label,

while species without superscripts are in the triplet state.
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Supplementary Fig. 5. The decomposition of the diiron complex B into FePcF and FePc(OH) is thermodynamically
favored in the presence of the fluorination reagent Et;N+-3HF. The formation of FePcF and FePc(OH) was confirmed

byESI-MS analysis. FePc (A) was set as the reference point.
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Supplementary Fig. 6. Activation of the hydroxylamine reagent by different iron complexes. FePc was quite facile
to activate the hydroxylamine reagent, however, all of the ferric species (B, C and D) were not reactive toward the

N-O bond cleavage. Free energies were given in kcal/mol. Ar = p-NO,Ph.
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Supplementary Fig. 7. Reduction of ferric species via single electron transfer with Et;N is not feasible.
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Supplementary Fig. 8. Calculated transition states of syn- and anti- addition for styrene and cyclic internal alkene

(1ag) substrates.
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Energy table

Supplementary Table 1. Zero-point energy (ZPE), thermal correction to Enthalpy (Hcorr), thermal correction to
Gibbs Free Energy (Gcorr), singlet point energy in the solvent (Esol), and imaginary frequency (cmt) of transition

states of optimized structures. Energies are given in Hartree.

Structures ZPE Hcorr Georr Esol Imaginary
frequency
3A 0.41759 0.44557 0.36047 -2931.71287 \
SA 0.41448 0.44332 0.35501 -2931.69529 \
4-NO,-BzONH;3-OTf 0.17566 0.19658 0.12116 -1643.30777 \
HF 0.00929 0.01259 -0.00712 -100.49850 \
Et:N 0.20473 0.21509 0.17074 -292.55231 \
INT1 0.19064 0.20145 0.15503 -291.89914 \
Et;N-HF 0.21883 0.23102 0.18240 -393.07728 \
EtN*-HF 0.20471 0.21518 0.16869 -292.36313 \
H:O 0.02123 0.02501 0.00357 -76.47054 \
Styrene 0.13338 0.14104 0.10211 -309.78501 \
4-NO;-BzOH 0.11881 0.12931 0.08246 -625.61007 \
0, 0.00387 0.00717 -0.01609 -150.38998 \
HNEt, 0.14886 0.15662 0.11867 -213.89811 \
CH;CHO 0.05514 0.05998 0.03020 -153.90735 \
TS1 0.62052 0.66088 0.54709 -3324.14290 -881.98
INT2 0.20928 0.22081 0.17357 -367.81277 \
TS2 0.22189 0.23423 0.18505 -468.32833 -187.54
B 0.83858 0.89681 0.74923 -5938.66435 \
’B 0.83939 0.89731 0.74975 -5938.66267 \
B 0.83827 0.89639 0.74871 -5938.66973 \
B 0.83823 0.89660 0.74694 -5938.67500 \
B 0.83503 0.89390 0.74348 -5938.63184 \
2C 0.41991 0.44941 0.36128 -3031.59117 \
iC 0.41941 0.44911 0.35986 -3031.61622 \
5C 0.41782 0.44789 0.35715 -3031.60875 \
D 0.43104 0.46109 0.37191 -3007.55816 \
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‘D 0.42924 0.45913 0.36975 -3007.56413 \

D 0.42766 0.45794 0.36703 -3007.56073 \

E 0.43053 0.46195 0.36972 -3107.56228 \

‘E 0.42970 0.46141 0.36728 -3107.57456 \

E 0.42949 0.46116 0.36776 -3107.54387 \

’F 0.41721 0.44544 0.35993 -2931.52892 \

F 0.41835 0.44658 0.36036 -2931.52932 \

F 0.41430 0.44245 0.35602 -2931.49226 \
3C1 0.41668 0.44648 0.35750 -3031.74894 \
5C1 0.41585 0.44591 0.35574 -3031.73915 \
D1 0.42703 0.45750 0.36727 -3007.67596 \
D1 0.42629 0.45709 0.36568 -3007.68583 \
TS3 0.59096 0.64027 0.50500 -4575.01801 -633.66
STS3 0.58805 0.63784 0.50125 -4574.97765 -670.65

"TSB 1.01086 1.08978 0.89490 -7581.95333 -1086.62
4TSC 0.59097 0.64161 0.50401 -4674.87409 -1042.15
‘TSD 0.60343 0.65485 0.5159%4 -4650.83651 -679.82
INT3 0.47158 0.51067 0.39908 -3949.43363 \
INT4 0.47118 0.51006 0.39852 -3949.42347 \
TS4 0.60501 0.65207 0.52213 -4259.22332 -187.24
INTS 0.61063 0.65696 0.52600 -4259.27241 \
TS5 0.61040 0.65642 0.52944 -4259.25341 -238.41
INT6 0.61188 0.65774 0.53059 -4259.28743 \
TS6 0.82989 0.88865 0.73154 -4652.35534 -464.70
P 0.20902 0.22731 0.16209 -1428.08590 \
TS6_2 0.83369 0.89138 0.74106 -4652.36056 -419.0882
TS6_3 0.83725 0.89569 0.74145 -4690.47636 -396.41
TS6_4 0.84079 0.89826 0.74923 -4690.48856 -356.28
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Part 3: Synthesis of alkene substrates

All substrates were used as received from commercial suppliers or prepared according to published procedures
unless otherwise stated.

1j is a known alkene according to ref. S12. 1s, 1t are known alkenes according to ref. S13. 1uis a known alkene
according to ref. S14. 1v, 1af, 1ap are known alkenes according to ref. S15. 1w is a known alkene according to ref.
S16. 1y is a known alkene according to ref. S17. 1aa is a known alkene according to ref. S18. 1ab is a known
alkene according to ref. S19. 1lac is a known alkene according to ref. S20. 1aj is a known alkene according to ref.
S21. 1lakis a known alkene according to ref. S22. 1al is a known alkene according to ref. S23. 1am is a known
alkene according to ref. S24. 1an is a known alkene according to ref. S25. 1ae is a known alkene according to ref.
S26. 1as is a known alkene according to ref. S27. 1at is a known alkene according to ref. S28. 1au is a known

alkene according to ref. S29.

Procedure A:

HO X
(2.0 eq)

EDCI (1.2 eq), Et;N (1.5 eq)

DMAP (0.1 eq), DCM

lithocholic acid 1aq

A 100-mL flask equipped with a stirring bar was charged with a solution of 4-ethenylbenzeneethanol (1.48 g, 10
mmol, 2.0 equiv), N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDCI, 1.15 g, 6.0 mmol, 1.2
equiv), triethylamine (1.0 mL, 7.5 mmol, 1.5 equiv), and 4-dimethylaminopyridine (DMAP, 61.1 mg, 0.50 mmol,
0.1 equiv) in dichloromethane (25 mL). Lithocholic acid (1.88 g, 5.0 mmol, 1.0 equiv) was then added to the reaction
mixture at 0 <C. The mixture was stirred overnight at room temperature. The resulting mixture was diluted with
DCM (50 mL) and washed sequentially with 1 M HCI, saturated aqueous NaHCOs, and brine. The organic layer was
dried over anhydrous Na;SQO4, and the solvent was evaporated under reduced pressure. The crude product was
purified by flash column chromatography using PE/EA = 4:1 as the eluent to afford the desired substrate 1laq as a
colorless oil (1.52 g, 3.0 mmol, 60%). *H NMR (600 MHz, CDCls) § 7.33 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 8.4 Hz,
2H), 6.68 (dd, J =17.4, 10.8 Hz, 1H), 5.70 (d, J = 17.4 Hz, 1H), 5.20 (d, J = 10.8 Hz, 1H), 4.26 (t, J = 7.2 Hz, 2H),
3.59 (m, 1H), 2.90 (t, J = 7.2 Hz, 2H), 2.563 — 2.42 (m, 1H), 2.31 (m, 1H), 2.18 (m, 1H), 1.93 (dt, J = 12.0, 3.0 Hz,
1H), 1.83 (m, 2H), 1.77 — 1.73 (m, 2H), 1.67 — 1.63 (m, 1H), 1.57 — 1.48 (m, 2H), 1.42 — 1.31 (m, 8H), 1.29 — 1.19
(m, 4H), 1.13 (m, 1H), 1.08 (m, 2H), 1.04 (m, 2H), 0.96 (dd, J = 14.4, 3.6 Hz, 1H), 0.91 (s, 3H), 0.88 (d, J = 6.6 Hz,
3H), 0.62 (s, 3H). 3C NMR (150 MHz, CDCls) § 174.2, 137.5, 136.5, 135.9, 129.0, 126.3, 113.4, 71.6, 64.6, 56.4,

S13



55.9,42.7,42.1,40.4, 40.1, 36.3, 35.8, 35.4, 35.3, 34.8, 34.5, 31.2, 30.9, 30.4, 28.1, 27.2, 26.4, 24.2, 23.4, 20.8, 18.2,
12.0. IR vmax (film): 3384, 2933, 2868, 1716, 1515, 1451, 1370, 1257, 1160, 1050, 843 cm™.

1ar

Substrate 1ar was prepared following procedure A, except that oxaprozin (1.47 g, 5.0 mmol, 1.0 equiv) was used
to replace lithocholic acid. Purification using column chromatography (PE/EA = 4:1) afforded lan as a yellow oil
(1.36 g, 3.2 mmol, 64%).:H NMR (600 MHz, CDCls) § 7.67 — 7.61 (m, 2H), 7.58 — 7.52 (m, 2H), 7.40 — 7.26 (m,
8H), 7.14 (d, J = 7.8 Hz, 2H), 6.66 (dd, J = 17.4, 10.8 Hz, 1H), 5.69 (d, J = 17.4 Hz, 1H), 5.19 (d, J = 10.8 Hz , 1H),
4.32 (t, J = 7.2 Hz, 2H), 3.18 — 3.12 (m, 2H), 2.94 — 2.86 (m, 4H). *C NMR (150 MHz, CDCl3) § 171.9, 161.8,
145.5, 137.4, 136.5, 136.0, 135.2, 132.5, 129.1, 129.0, 128.7, 128.6, 128.5, 128.1, 128.0, 126.5, 126.4, 113.5, 65.2,
34.8, 31.2, 23.6. IR vmax (film): 3432, 3023, 2956, 2116, 1717, 1645, 1499, 1370, 1276, 1159, 983, 854, 777 cm™.

Part 4: General procedure and characteristic data for products 2a-2av

The general procedure A:

F

FePc (0.1 equiv) NH,
A + [4-NO,-BzONH,]*[OTH] + Et;N<3HF >
/©/\ DCM, 30 °C, 30 min, air
Ph Ph

1a V (2.5 equiv) (4.0 equiv) 2a

Hydroxylamine reagent 4-NO>-BzONH;3;OTf (V) (249 mg, 0.75 mmol, 2.5 equiv) was added to a plastic centrifuge
tube charged with 1a (54.1 mg, 0.30 mmol, 1.0 equiv), FePc (17.0 mg, 0.03 mmol, 0.1 equiv), EtsN-3HF (196 uL,
1.2 mmol, 4.0 equiv), and anhydrous CH>Cl, (2.0 mL). The mixture was stirred in air at 30 °C (oil bath) for 30 min.
Upon completion, the reaction was quenched with Et;N (0.5 mL) at 0 °C. The mixture was direct purified by flash
column chromatography (DCM/MeOH = 20:1 as eluent) to afford p-fluoroamine 2a as a yellow oil (47.1 mg, 0.22
mmol, 73%). "TH NMR (600 MHz, CDCls) & 7.65 — 7.56 (m, 4H), 7.47 — 7.42 (m, 2H), 7.41 (d, J = 8.4 Hz, 2H), 7.39
—7.34 (m, 1H), 5.58 (ddd, J=48.0, 7.2, 3.6 Hz, 1H), 3.22 — 3.06 (m, 2H), 1.44 (s, 2H). 3C NMR (150 MHz, CDCl;)
5 141.6, 140.7, 137.1 (d, J=19.8 Hz), 129.0, 127.6, 127.4, 127.3, 126.1 (d, /=7.2 Hz), 95.8 (d, /= 170.6 Hz), 48.3
(d, J=24.8 Hz). YF NMR (565 MHz, CDCl5) & -184.6 —-185.3 (m). IR vmax (film): 3714, 3609, 3432, 3344, 2933,
2844,2586, 1749, 1643, 1507 c’!. HRMS (ESI) m/z calced for C14H4FNNa [M+Na]*: 238.1002; found: 238.1003.
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The general procedure B:

FePc (0.1 equiv) F Boc,0 (2.0 equiv) F
D/\ V (2.5 equiv) NH, | EtN, DCM, 0°C, 30 min NHBoc
Ph Et3N<3HF (4.0 equiv)
DCM, 30 °C, 30 min, air Ph Ph
1a 2a 2a'

Hydroxylamine reagent 4-NO,-BzONH3OTf (V) (249 mg, 0.75 mmol, 2.5 equiv) was added to a plastic centrifuge
tube charged with 1a (54.1 mg, 0.30 mmol, 1.0 equiv), FePc (17.0 mg, 0.03 mmol, 0.1 equiv), EtsN-3HF (196 uL,
1.2 mmol, 4.0 equiv), and anhydrous CH>Cl, (2.0 mL). The mixture was stirred under air at 30 °C (oil bath) for 30
min. Upon completion, the reaction was quenched with Et3N (0.50 mL), followed by the dropwise addition of Boc,O
(138 pL, 0.60 mmol, 2.0 equiv) at 0 °C. The mixture was further stirred for 30 min at this temperature. Direct
purification by flash column chromatography (PE/EA = 20:1 as eluent) afforded Boc-protected B-fluoroamine 2a' as
a white solid (67.2 mg, 0.21 mmol, 71%). '"H NMR (600 MHz, CDCl3) & 7.61 (d, J= 7.8 Hz, 2H), 7.58 (d, J= 7.2
Hz, 2H), 7.46 — 7.39 (m, 4H), 7.36 (t, J=7.2 Hz, 1H), 5.58 (dd, J = 48.6, 6.0 Hz, 1H), 4.96 (s, 1H), 3.77 — 3.64 (m,
1H), 3.50 — 3.36 (m, 1H), 1.45 (s, 9H). *C NMR (150 MHz, CDCl3)  155.9, 141.8, 140.7, 136.4 (d, J= 19.8 Hz),
129.0, 127.7,127.5, 127.3, 126.1 (d, J= 7.0 Hz), 93.2 (d, /= 172.2 Hz), 79.9, 46.5 (d, J = 24.3 Hz), 28.5. ’F NMR
(565 MHz, CDCl3) 6 -183.6 (ddd, J=48.5,31.3, 17.7 Hz). IR vinax (film): 3005, 2875, 1685, 1560, 1535, 1467, 1425,
1271, 1166, 846, 739 cm™'. HRMS (ESI) m/z calcd for C19H2,FNO,Na [M+Na]*: 338.1527; found: 338.1536.

F

2b

Product 2b was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2b as a yellow oil (30.1 mg, 0.22 mmol, 72%). "TH NMR (600 MHz, CDCls)
8741 —17.36 (m, 2H), 7.35 — 7.28 (m, 3H), 5.44 (ddd, J = 48.0, 7.2, 3.6 Hz, 1H), 3.16 — 3.00 (m, 2H), 1.76 (s, 2H).
13C NMR (150 MHz, CDCls) 8 138.1 (d, J=19.3 Hz), 128.62, 128.56, 125.6 (d, J=7.1 Hz), 95.7 (d, /= 171.4 Hz),
48.2 (d, J = 24.6 Hz). F NMR (565 MHz, CDCl3) & -175.2 — -190.7 (m). IR vmax (film): 2920, 2841, 1675, 1548,
1455, 1348, 987, 758, 688 cm’!. HRMS (ESI) m/z calcd for CsHi i FN [M+H]": 140.0870; found: 140.0875.

Me F

@)\/NHBOC

2c'

Product 2¢' was prepared following the general procedure B. Purification using column chromatography (PE/EA

= 20:1 as eluent) afforded Boc-protected B-fluoroamine 2¢' as a yellow oil (46.3 mg, 0.18 mmol, 61%). "TH NMR
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(600 MHz, CDCls) & 7.33 — 7.28 (m, 1H), 7.18 — 7.17 (m, 1H), 7.17 — 7.15 (m, 1H), 7.12 — 7.07 (m, 1H), 5.66 (dd,
J=48.6, 8.4 Hz, 1H), 4.91 (s, 1H), 3.65 — 3.51 (m, 1H), 3.30 — 3.15 (m, 1H), 2.31 (s, 3H), 1.38 (s, 9H). 3C NMR
(150 MHz, CDCl3) 8 155.9, 135.6 (d, J = 18.6 Hz), 134.8, 130.7, 128.6, 126.3, 125.2 (d, /= 8.7 Hz),91.2 (d, J =
170.7 Hz), 79.8, 45.7 (d, J= 23.7 Hz), 28.5, 19.0. ’F NMR (565 MHz, CDCl3) § -186.0 (ddd, J=49.2, 33.1, 17.3
Hz). IR vy (film): 3470, 3347, 2918, 1672, 1514, 1459, 1365, 1253, 1246, 1173, 1041, 732 cm™!. HRMS (ESI) m/z
calcd for Ci4sH21FNO;> [M+H]": 254.1551; found: 254.1542.

F

Me\©/K/NHBoc

2d’

Product 2d' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2d"' as a yellow oil (50.1 mg, 0.20 mmol, 66%). 'H NMR (600 MHz, CDCl3) § 7.21 — 7.17 (m, 1H),
7.11 = 7.03 (m, 3H), 5.42 (dd, J = 48.6, 8.4 Hz, 1H), 4.89 (s, 1H), 3.69 — 3.46 (m, 1H), 3.37 — 3.18 (m, 1H), 2.29 (s,
3H), 1.38 (s, 9H). 3C NMR (150 MHz, CDCl3) § 155.9, 138.4, 137.4 (d, J = 19.5 Hz), 129.5, 128.6, 126.3 (d, J =
6.9 Hz), 122.7 (d, J= 7.2 Hz), 93.5 (d, J= 171.9 Hz), 79.8, 46.6 (d, J = 24.1 Hz), 28.5, 21.5. 'F NMR (565 MHz,
CDCl3) 6 -183.8 (ddd, J = 48.8, 32.3, 17.0 Hz). IR vmax (film): 3440, 3332, 3041, 2908, 1701, 1509, 1491, 1368,
1256, 1172, 941, 795, 704 cm™!. HRMS (ESI) m/z calcd for C14H20FNO;Na [M+Na]*: 276.1370; found: 276.1379.

F

/@)\/NHBOC
Me

2¢'

Product 2e' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2e' as a yellow oil (53.9 mg, 0.21 mmol, 71%). "TH NMR (600 MHz, CDCls3) § 7.25 — 7.21 (m, 2H),
7.19(d,J=7.8 Hz, 2H), 5.49 (dd, J=48.6, 8.4 Hz, 1H), 4.94 (s, 1H), 3.73 — 3.53 (m, 1H), 3.43 —3.28 (m, 1H), 2.35
(s, 3H), 1.45 (s, 9H). 13C NMR (150 MHz, CDCls) § 155.9, 138.7, 134.5 (d, J= 19.7 Hz), 129.4, 125.7 (d, /= 6.6
Hz), 93.4 (d, J=171.7 Hz), 79.8, 46.5 (d, J = 24.0 Hz), 28.5, 21.3. F NMR (565 MHz, CDCls) § -182.3 (ddd, J =
48.7,31.9, 17.0 Hz). IR vmax (film): 3455, 3363, 3010, 2964, 1679, 1617, 1560, 1417, 1376, 1168, 869, 760, 724 cm
1. HRMS (ESI) m/z calcd for C14H20FNO,Na [M+Na]*: 276.1370; found: 276.1373.

F
NHBoc
Me

Me
2f'
Product 2f' was prepared following the general procedure B. Purification using column chromatography (PE/EA

=20:1) afforded 2f" as a yellow oil (60.8 mg, 0.22 mmol, 72%). '"H NMR (600 MHz, CDCls) § 7.22 — 7.18 (m, 2H),
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7.18 — 7.15 (m, 2H), 5.43 (dd, J = 48.6, 8.4 Hz, 1H), 4.87 (s, 1H), 3.67 — 3.50 (m, 1H), 3.36 — 3.27 (m, 1H), 2.88 —
2.80 (m, 1H), 1.37 (s, 9H), 1.18 (d, J = 6.6 Hz, 6H). 3C NMR (150 MHz, CDCls) 6 155.9, 149.7, 134.8 (d, /= 19.6
Hz), 126.8,125.8 (d,J=6.7 Hz), 93.4 (d, /= 171.3 Hz), 79.8, 46.4 (d, J = 24.6 Hz), 34.0, 28.5, 24.1, 24.0. YF NMR
(565 MHz, CDCl3) 6 -182.2 (ddd, J=48.5, 31.5, 17.0 Hz). IR vmay (film): 3470, 3347, 3030, 2964, 1679, 1521, 1458,
1172, 843 cm!. HRMS (ESI) m/z calcd for C16H24FNO>Na [M+Na]": 304.1683; found: 304.1682.

F

Bu

2g

Product 2g was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2g as a yellow oil (43.9 mg, 0.23 mmol, 75%). "TH NMR (600 MHz, CDCls)
8 7.41 (d,J=8.4 Hz, 2H), 7.26 (d, J= 8.4 Hz, 2H), 5.41 (ddd, /= 48.0, 7.2, 3.6 Hz, 1H), 3.13 (ddd, J=19.2, 14.4,
7.2 Hz, 1H), 3.04 (ddd, J=27.6, 14.4, 3.6 Hz, 1H), 1.52 (s, 2H), 1.32 (s, 9H). '3C NMR (150 MHz, CDCls3) § 151.7,
135.1 (d, J = 20.0 Hz), 125.6, 125.5 (d, J= 7.0 Hz), 95.8 (d, J = 170.4 Hz), 48.1 (d, J = 24.8 Hz), 34.7, 31.4. YF
NMR (565 MHz, CDCl3) 6 -183.7 (ddd, J=47.0, 27.5, 18.8 Hz). IR vma (film): 2911, 2855, 1732, 1642, 1450, 1263,
1207, 1057, 1024, 874, 801 cm™. HRMS (ESI) m/z caled for C12HsFNNa [M+Na]*: 218.1315; found: 218.1319.

F

/©)\/NHB00
o

2h’

Product 2h' was prepared following the general procedure B, except that the reaction was performed at 30 °C for
15 min. Purification using column chromatography (PE/EA = 20:1) afforded 2h' as a yellow oil (60.6 mg, 0.23 mmol,
75%). '"H NMR (600 MHz, CDCls) § 7.22 — 7.18 (m, 2H), 6.84 (d, J = 8.4 Hz, 2H), 5.39 (dd, J=48.0, 8.4 Hz, 1H),
4.87 (s, 1H), 3.74 (s, 3H), 3.62 — 3.45 (m, 1H), 3.39 — 3.24 (m, 1H), 1.37 (s, 9H). *C NMR (150 MHz, CDCl;) &
160.1, 155.9,129.5 (d, J=20.0 Hz), 127.3 (d, /= 6.3 Hz), 114.1,93.2 (d, /= 171.0 Hz), 79.8, 55.4, 46.4 (d, /= 24.6
Hz), 28.5. F NMR (565 MHz, CDCls3) 6 -179.1 (ddd, J = 48.2, 31.5, 16.3 Hz). IR vimax (film): 3416, 2933, 2844,
1641, 1515, 1411, 1168, 899, 769, 703 cm™!. HRMS (ESI) m/z calcd for C14H20FNO3Na [M+Na]*: 292.1319; found:
292.1320.

F

Qo

2i

Product 2i was prepared following the general procedure A. Purification using column chromatography

(DCM/MeOH = 20:1 as eluent) afforded 2i as a yellow oil (49.3 mg, 0.21 mmol, 71%). "TH NMR (600 MHz, CDCls)
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8 7.37 —17.32 (m, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.12 (t, J = 7.2 Hz, 1H), 7.04 — 6.96 (m, 4H), 5.42 (ddd, J = 48.0,
7.8, 3.6 Hz, 1H), 3.19 — 2.98 (m, 2H), 2.07 (s, 2H). 3C NMR (150 MHz, CDCl;) § 157.8, 156.9, 132.8 (d, J = 20.1
Hz), 130.0, 127.4 (d, J= 6.9 Hz), 123.7, 119.3, 118.7, 95.6 (d, J = 170.5 Hz), 48.2 (d, J = 24.8 Hz). ’F NMR (565
MHz, CDCl3) 6 -178.9 — -189.6 (m). IR vmax (film): 2920, 2855, 1670, 1478, 1421, 1278, 1207, 993, 874, 787, 688
cml. HRMS (ESI) m/z caled for Ci14Hi4FNNaO [M+Na]": 254.0952; found: 254.094

F
NHBoc
@)\o
2j'

Product 2j' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 15:1) afforded 2j' as a yellow oil (69.0 mg, 0.19 mmol, 64%). "H NMR (600 MHz, CDCl3) 8 8.13 (d, J = 6.6 Hz,
2H), 7.57 (t, J="7.8 Hz, 1H), 7.44 (t,J = 7.8 Hz, 2H), 7.35 (d, J = 7.8 Hz, 2H), 7.18 (d, J = 7.8 Hz, 2H), 5.50 (dd, J
= 48.6, 8.4 Hz, 1H), 4.90 (s, 1H), 3.71 — 3.48 (m, 1H), 3.37 — 3.20 (m, 1H), 1.39 (s, 9H). *C NMR (150 MHz,
CDCl3) 6 165.2, 155.9, 151.3, 135.1 (d, J = 20.0 Hz), 133.9, 130.3, 129.5, 128.7, 126.9 (d, /= 7.1 Hz), 122.1, 92.9
(d, J=173.1 Hz), 80.0, 46.5 (d, J = 24.0 Hz), 28.5. ’F NMR (565 MHz, CDCls) & -183.4 (ddd, J=48.5, 31.4, 17.1
Hz). IR vinax (film): 3249, 3005, 2945, 1734, 1685, 1667, 1523, 1169, 965, 876, 701 cm™. HRMS (ESI) m/z calcd
for C2o0H22FNOsNa [M+Na]*: 382.1425; found: 382.1420.

2k

Product 2k was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2k as a yellow oil (30.6 mg, 0.20 mmol, 65%). "TH NMR (600 MHz, CDCls)
$7.39 —7.31 (m, 1H), 7.09 (d, J = 7.8 Hz, 1H), 7.08 — 6.99 (m, 2H), 5.44 (ddd, J=48.0, 6.6, 4.2 Hz, 1H), 3.44 —
2.77 (m, 2H), 1.43 (s, 2H). *C NMR (150 MHz, CDCl3) & 163.0 (d, J = 246.5 Hz), 140.8 (dd, J = 20.2, 7.3 Hz),
130.3 (d, /= 8.2 Hz), 121.1 (dd, J= 7.5, 2.9 Hz), 115.4 (d, J = 21.0 Hz), 112.7 (dd, J = 22.3, 8.2 Hz), 95.0 (d, J =
173.1 Hz), 48.2 (d, J = 24.5 Hz). YF NMR (565 MHz, CDCl3) § -106.0 — -117.6 (m, 1H), -182.4 —-189.7 (m, 1H).
IR Vi (film): 2911, 2863, 1674, 1478, 1421, 1272, 1199, 993, 888, 787 cm’. HRMS (ESI) m/z calcd for CsHjoFoN
[M+H]*: 158.0776; found: 158.0770.

F

F

21
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Product 21 was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 21 as a yellow oil (32.5 mg, 0.21 mmol, 69%). *H NMR (600 MHz, CDCl3)
§7.30 (dd, J = 8.4, 5.4 Hz, 2H), 7.07 (t, J = 8.4 Hz, 2H), 5.41 (ddd, J = 48.0, 7.8, 3.6 Hz, 1H), 3.14 — 2.95 (m, 2H),
1.67 (s, 2H). *C NMR (150 MHz, CDCl3) & 162.9 (d, J = 246.7 Hz), 134.0 (dd, J = 20.8, 3.5 Hz), 130.2 — 125.7
(m), 115.6 (d, J = 21.2 Hz), 95.3 (d, J = 171.5 Hz), 48.3 (d, J = 24.8 Hz). 1°F NMR (565 MHz, CDCls) & -112.5 — -
114.8 (m, 1H), -177.1 —-187.5 (M, 1H). IR vimax (film): 2934, 2855, 1512, 1230, 1156, 993, 832 cm'L. HRMS (ESI)
m/z calcd for CgHgF2NNa [M+Na]*: 180.0595; found: 180.0598.

F

Cl

2m

Product 2m was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2m as a yellow o0il (26.6 mg, 0.15 mmol, 51%). 'H NMR (600 MHz, CDCls)
8 7.36 (d, J= 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 5.41 (ddd, J=48.0, 7.2, 3.6 Hz, 1H), 3.17 — 2.78 (m, 2H), 1.34
(s, 2H). 3C NMR (150 MHz, CDCl3) 8 136.7 (d, J=20.9 Hz), 134.4, 128.8, 127.0 (d, J= 7.8 Hz), 95.2 (d, /= 172.5
Hz), 48.2 (d, J=24.6 Hz). ’F NMR (565 MHz, CDCl3) & -185.5 (ddd, J=47.8, 27.4, 20.3 Hz). IR Vpax (film): 2925,
2855, 1661, 1484, 1413, 1086, 1015, 874, 823 cm™!. HRMS (ESI) m/z calcd for CsHoFCIN [M+H]*: 174.0480;
found: 174.0488.

Br F

2n

Product 2n was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2n as a yellow oil (29.4 mg, 0.14 mmol, 45%). *H NMR (600 MHz, CDCls)
87.54(d,J=8.4Hz 1H), 7.47(dd, J = 7.8, 1.8 Hz, 1H), 7.37 (t, J = 7.8 Hz, 1H), 7.20 (td, J = 7.8, 1.8 Hz, 1H), 5.74
(ddd, J=47.4,7.2,3.0 Hz, 1H), 3.17 (ddd, J = 29.4, 14.4, 3.0 Hz, 1H), 3.02 (ddd, J = 21.8, 14.4, 7.2 Hz, 1H) , 1.58
(s, 2H). 3C NMR (150 MHz, CDCls3) 6 137.4 (d, J = 21.7 Hz), 132.8, 129.8, 127.7, 127.2 (d, J = 10.5 Hz), 120.7 (d,
J=5.9Hz),94.9 (d, J=172.7 Hz), 46.8 (d, J = 24.1 Hz). F NMR (565 MHz, CDCls) 6 -190.2 (ddd, J = 47.6, 31.0,
22.0 Hz). IR vmax (film): 2911, 2863, 1610, 1455, 1263, 1024, 773, 730 cm™. HRMS (ESI) m/z calcd for
CsHoFBrNNa [M+Na]*: 239.9795; found: 239.9798.

F

Br\©)\/NH2

20

S19



Product 20 was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 20 as a yellow oil (31.4 mg, 0.14 mmol, 48%). *H NMR (600 MHz, CDCl5)
§7.49 (s, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.27 — 7.23 (m, 2H), 5.40 (ddd, J = 48.0, 7.2, 3.6 Hz, 1H), 3.16 — 2.99 (m,
2H), 1.38 (s, 2H). 1*C NMR (150 MHz, CDCls) § 140.5 (d, J = 20.0 Hz), 131.6, 130.2, 128.7 (d, J = 8.1 Hz), 124.2
(d,J=7.1Hz), 122.8,94.9 (d, J = 173.1 Hz), 48.2 (d, J = 24.6 Hz). 9F NMR (565 MHz, CDCl3) & -183.5 —-190.1
(m). IR vmax (film): 2920, 2855, 2770, 1675, 1569, 1421, 1273, 1199, 987, 880, 787, 696 cm*. HRMS (ESI) m/z
calcd for CgHoFBrNNa [M+Na]*: 239.9795; found: 239.9794.

F

/©)\/NHBOC
Br

2p'

Product 2p' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2p' as a yellow oil (41.9 mg, 0.13 mmol, 44%). 'TH NMR (500 MHz, CDCl3) 6 7.51 (d, J = 8.0 Hz,
2H), 7.21 (d, J= 8.0 Hz, 2H), 5.49 (dd, J=48.5, 8.5 Hz, 1H), 4.92 (s, 1H), 3.74 — 3.55 (m, 1H), 3.45 - 3.25 (m, 1H),
1.43 (s, 9H). 1*C NMR (150 MHz, CDCls) & 155.9, 136.5 (d, J=20.1 Hz), 131.9, 127.3 (d, /= 7.1 Hz), 122.8 (d, J
=2.3 Hz), 92.8 (d, J=173.3 Hz), 80.1, 46.4 (d, J = 24.0 Hz), 28.5. ’F NMR (565 MHz, CDCl5) & -184.8 (ddd, J=
48.9, 31.1, 18.1 Hz). IR vmax (film): 3313, 3061, 2932, 1680, 1509, 1414, 1365, 1263, 1165, 838, 751, 690 cm.
HRMS (ESI) m/z calcd for Ci3H17FBrNO2Na [M+Na]*: 340.0319; found: 340.0320.

F

MeOOC

2q

Product 2q was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2q as a yellow oil (24.8 mg, 0.13 mmol, 42%). "TH NMR (600 MHz, CDCls)
6 8.06 (d, J=17.8 Hz, 2H), 7.40 (d, J= 7.8 Hz, 2H), 5.60 — 5.43 (m, 1H), 3.93 (s, 3H), 3.20 — 2.99 (m, 2H), 1.49 (s,
2H). BC NMR (150 MHz, CDCl3) 6 166.8, 143.1 (d, J=19.9 Hz), 130.3, 129.9, 125.4 (d, /= 7.6 Hz), 95.3 (d, J =
173.5 Hz), 52.3, 48.2 (d, J = 23.7 Hz). F NMR (565 MHz, CDCl3) & -188.3 — -188.5 (m). IR Vmax (film): 2948,
2855,1712,1534,1436,1263, 1193, 1114, 758, 716 cm™. HRMS (ESI) m/z calcd for C1oH;3FNO> [M+H]": 198.0925;
found: 198.0929.

NH,

Me

2s
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Product 2s was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2s as a yellow oil (34.6 mg, 0.21 mmol, 69%)."H NMR (600 MHz, CDCls)
67.14 (d,J=17.8 Hz, 1H), 7.09 (s, 1H), 7.05 (d, J= 7.8 Hz, 1H), 5.37 (ddd, J=48.0, 7.2, 3.6 Hz, 1H), 3.11 (ddd, J
=19.2, 144, 7.2 Hz, 1H), 3.02 (ddd, J = 27.6, 14.4, 3.6 Hz, 1H), 2.28 (s, 3H), 2.26 (s, 3H), 1.46 (s, 2H). 3C NMR
(150 MHz, CDCls) 6 137.1, 136.9, 135.6 (d, /= 19.9 Hz), 129.9, 127.0 (d, J = 7.0 Hz), 123.2 (d, /= 7.0 Hz), 96.0
(d, J=170.4 Hz), 48.2 (d, J = 24.8 Hz), 19.9, 19.6. ’F NMR (565 MHz, CDCls) 6 -183.3 (ddd, J=47.4,27.5, 18.6
Hz). IR vimax (film): 2925, 2863, 1633, 1596, 1375, 1114, 1015, 880, 815, 773 cm'. HRMS (ESI) m/z calcd for
CioH1sFN [M+H]": 168.1183; found: 168.1180.

Me NHBoc

2t'

Product 2t' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2t' as a yellow oil (56.9 mg, 0.21 mmol, 71%). '"H NMR (600 MHz, CDCl3) § 6.91 — 6.84 (m, 3H),
5.38 (dd, J = 48.6, 8.4 Hz, 1H), 4.89 (s, 1H), 3.66 — 3.45 (m, 1H), 3.33 — 3.17 (m, 1H), 2.24 (s, 6H), 1.38 (s, 9H).
13C NMR (150 MHz, CDCl3) 8 155.9, 138.3, 137.4 (d, J= 19.3 Hz), 130.4, 123.4 (d, /= 6.9 Hz), 93.5 (d, J=172.0
Hz), 79.8, 46.7 (d, J = 24.0 Hz), 28.5, 21.4. ’F NMR (565 MHz, CDCls) 6 -183.6 (ddd, J=49.3, 32.8, 16.8 Hz). IR
vmax (film): 3470, 3363, 2918, 1674, 1537, 1521, 1261, 1173, 1059, 911, 852, 733 cm’'. HRMS (ESI) m/z calcd for
Ci5H22FNO;Na [M+Na]*: 290.1527; found: 290.1526.

F
Brj©)\/NHBoc
MeO

2u'

Product 2u' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2u' as a yellow oil (74.1 mg, 0.21 mmol, 71%). "H NMR (600 MHz, CDCls) & 7.48 (s, 1H), 7.20 —
7.16 (m, 1H), 6.83 (d, J=9.0 Hz, 1H), 5.38 (dd, J = 48.0, 8.4 Hz, 1H), 4.86 (s, 1H), 3.83 (s, 3H), 3.60 — 3.46 (m,
1H), 3.37 — 3.22 (m, 1H), 1.37 (s, 9H). *C NMR (150 MHz, CDCl3) § 156.3, 155.9, 131.0, 130.9 (d, J = 7.1 Hz),
126.2 (d, J= 6.6 Hz), 112.0, 111.9, 92.4 (d, J = 172.5 Hz), 80.0, 56.4, 46.4 (d, J = 24.8 Hz), 28.5. ’F NMR (565
MHz, CDCl3) 6 -180.9 — -181.3 (m). IR vimax (film): 3332, 2964, 2850, 1690, 1659, 1521, 1461, 1168, 814, 736, 625
cm. HRMS (ESI) m/z caled for Ci14Hi19FBrNO3sNa [M+Na]*: 370.0425; found: 370.0426.
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Product 2v' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 20:1) afforded 2v"' as a yellow oil (64.1 mg, 0.23 mmol, 76%). "TH NMR (600 MHz, CDCls) § 7.05 (s, 1H), 6.86
(s, 1H), 5.59 (dd, J=48.6, 8.4 Hz, 1H), 4.91 (s, 1H), 3.63 — 3.43 (m, 1H), 3.33 — 3.13 (m, 1H), 2.22 (s, 3H), 2.16 (s,
3H), 2.14 (s, 3H), 1.37 (s, 9H). 13C NMR (150 MHz, CDCl3) § 155.9, 137.0, 134.4, 132.9 (d, /= 18.5 Hz), 132.1,
132.0,126.6 (d, /= 8.7 Hz),91.2 (d,J=170.1 Hz), 79.7, 45.8 (d, J=24.5 Hz), 28.5, 27.5, 19.4 (d, J=2.3 Hz), 18.4.
F NMR (565 MHz, CDCl3) & -184.4 (ddd, J = 48.6, 33.0, 16.4 Hz). IR vimax (film): 3448, 2917, 2836, 1688, 1552,
1539, 1411, 1168, 1040, 825 cm’'. HRMS (ESI) m/z calcd for C16H24FNO;Na [M+Na]": 304.1683; found: 304.1683.

Product 2w' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 20:1) afforded 2w' as a yellow oil (70.4 mg, 0.20 mmol, 65%). "H NMR (500 MHz, CDCl;) § 6.98 (s, 1H), 6.91
(s, 1H), 5.98 (dd, J = 15.5, 1.5 Hz, 2H), 5.73 (dd, J = 48.0, 6.0 Hz, 1H), 4.86 (s, 1H), 3.75 — 3.55 (m, 1H), 3.49 —
3.24 (m, 1H), 1.42 (s, 9H). *C NMR (150 MHz, CDCls) § 155.7, 148.3, 147.3, 130.0 (d, /= 21.6 Hz), 112.9, 111.9,
107.2,102.1,92.4 (d, J = 174.1 Hz), 79.8, 44.9 (d, J = 24.2 Hz), 28.4. F NMR (565 MHz, CDCl;) & -185.3 (ddd,
J =479, 28.7, 19.8 Hz). IR vmax (film): 3378, 3056, 2964, 1689, 1529, 1407, 1254, 1171, 1114, 867, 638 cm™.
HRMS (ESI) m/z calcd for C14HisFBrNO4 [M+H]*: 362.0398; found: 362.0396.

F

NHBoc
Cl

2x'

Product 2x' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2x"' as a yellow oil (58.6 mg, 0.20 mmol, 68%). "H NMR (600 MHz, CDCls)  7.34 (d, /= 7.8 Hz,
2H), 7.27 (d, J="7.8 Hz, 2H), 5.47 (dd, J = 48.6, 8.4 Hz, 1H), 4.86 (s, 1H), 4.52 (s, 2H), 3.67 — 3.45 (m, 1H), 3.38 —
3.22 (m, 1H), 1.37 (s, 9H). *C NMR (150 MHz, CDCls) 8 155.9, 138.1, 137.7 (d, J=19.8 Hz), 128.9, 126.0 (d, J =
7.1 Hz), 93.0 (d, J= 172.8 Hz), 80.0, 46.5 (d, J = 23.5 Hz), 45.8, 28.5. 'F NMR (565 MHz, CDCl3) & -184.8 (ddd,
J=148.6,31.4,17.8 Hz). IR vmax (film): 3378, 3010, 2933, 1690, 1674, 1521, 1364, 1250, 1166, 963, 854, 744 cm!.
HRMS (ESI) m/z calcd for Ci14H19FCINO>Na [M+Na]*: 310.0981; found: 310.0986.
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F

NHBoc
N3

2y'

Product 2y' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2y" as a yellow oil (61.8 mg, 0.21 mmol, 70%). '"H NMR (600 MHz, CDCls) § 7.32 — 7.29 (m, 2H),
7.29 —7.25 (m, 2H), 5.48 (dd, J = 48.6, 8.4 Hz, 1H), 4.88 (s, 1H), 4.28 (s, 2H), 3.67 — 3.50 (m, 1H), 3.37 — 3.19 (mm,
1H), 1.37 (s, 9H). 3C NMR (150 MHz, CDCl3)  155.9, 137.6 (d, J=19.7 Hz), 136.1, 128.5, 126.1 (d, /= 7.1 Hz),
93.1 (d,J=172.6 Hz), 80.0, 54.5, 46.5 (d, J = 24.0 Hz), 28.5. ’F NMR (565 MHz, CDCl5) & -184.6 (ddd, J = 48.9,
31.8, 17.8 Hz). IR vmax (film): 3332, 3021, 2912, 2100, 1688, 1509, 1407, 1364, 1161, 1059, 963, 809, 710 cm™.
HRMS (ESI) m/z calcd for C14H19FN4O>Na [M+Na]*: 317.1384; found: 317.1379.

F

NHBoc
AcO

2z'

Product 2z' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 15:1) afforded 2z' as a yellow oil (60.7 mg, 0.20 mmol, 65%). "TH NMR (600 MHz, CDCls) 8 7.33 — 7.29 (m, 2H),
7.29 —7.25 (m, 2H), 5.47 (dd, J = 48.6, 7.8 Hz, 1H), 5.04 (s, 2H), 4.88 (s, 1H), 3.75 — 3.45 (m, 1H), 3.38 — 3.22 (mm,
1H), 2.04 (s, 3H), 1.37 (s, 9H). 3C NMR (150 MHz, CDCl3) § 171.0, 155.9, 137.5 (d, J = 19.6 Hz), 136.6, 128.6,
125.8 (d, J = 7.3 Hz), 93.1 (d, J = 173.2 Hz), 79.9, 66.0, 46.5 (d, J = 24.3 Hz), 28.5, 21.1. ’F NMR (565 MHz,
CDCl3) 6 -184.5 (ddd, J = 48.8, 31.6, 17.4 Hz). IR vmax (film): 3440, 3316, 2949, 2366, 1706, 1507, 1368, 1251,
1163, 963, 838, 740 cm™'. HRMS (ESI) m/z calcd for C16H22FNO4Na [M+Na]": 334.1425; found: 334.1433.

F
NHBoc

AN

"Pen
2aa’

Product 2aa' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=20:1) afforded 2aa' as a yellow oil (60.0 mg, 0.18 mmol, 60%). '"H NMR (600 MHz, CDCls) 6 7.33 (d, /= 7.8 Hz,
2H), 7.21 — 7.16 (m, 2H), 5.44 (dd, J = 48.6, 8.4 Hz, 1H), 4.85 (s, 1H), 3.74 — 3.44 (m, 1H), 3.36 — 3.16 (m, 1H),
2.32 (t,J=7.2Hz, 2H), 1.56 — 1.51 (m, 2H), 1.37 (s, 9H), 1.36 — 1.32 (m, 2H), 1.32 — 1.26 (m, 2H), 0.85 (t, /=72
Hz, 3H). 3C NMR (150 MHz, CDCls)  155.9, 136.6 (d, J = 19.7 Hz), 131.9, 125.5 (d, J= 7.2 Hz), 124.8, 93.1 (d,
J=172.3Hz),91.4,80.2,79.9,46.4 (d,J=23.1 Hz), 31.3, 28.5, 28.5, 22.4, 19.5, 14.1. PF NMR (565 MHz, CDCl3)
§-184.5 (ddd, J=48.6, 31.3, 17.5 Hz). IR vimax (film): 3363, 2949, 2841, 2223, 1674, 1521, 1470, 1267, 1168, 1159,
964, 833, 734 cm’!. HRMS (ESI) m/z calcd for C20H2sFNO;Na [M+Na]": 356.1996; found: 356.1991.
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Product 2ab' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 20:1) afforded 2ab' as a yellow oil (53.3 mg, 0.17 mmol, 55%). "TH NMR (500 MHz, CDCl3) & 7.40 — 7.34 (m,
2H), 7.34 - 7.30 (m, 2H), 5.91 — 5.78 (m, 1H), 5.52 (dd, J = 49.0, 8.5 Hz, 1H), 5.10 (dd, /= 17.0, 1.5 Hz, 1H), 5.05
(d, J=10.5 Hz, 1H), 4.96 (s, 1H), 4.52 (s, 2H), 3.73 — 3.58 (m, 1H), 3.53 (t, /= 7.0 Hz, 2H), 3.44 — 3.31 (m, 1H),
2.43 -2.33 (m, 2H), 1.44 (s, 9H). 13C NMR (150 MHz, CDCl3) § 155.9, 139.3, 136.7 (d, J=19.7 Hz), 135.3, 127.9,
125.7 (d,J=7.0 Hz), 116.6,93.2 (d, J=172.4 Hz), 79.9, 72.6, 69.9, 46.5 (d, J= 24.4 Hz), 34.3, 28.5. ’F NMR (565
MHz, CDCls) 6 -183.6 (ddd, J = 48.6, 31.3, 17.1 Hz). IR vmax (film): 3455, 3332, 2933, 1695, 1644, 1509, 1424,
1365, 1254, 1161, 1076, 917, 865, 747 cm. HRMS (ESI) m/z caled for CisH7FNO; [M+H]™: 324.1969; found:
324.1965.

F

NHBoc
OQ/©)\/

2ac'

Product 2ac' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 5:1) afforded 2ac' as a yellow oil (51.0 mg, 0.18 mmol, 60%). "TH NMR (500 MHz, CDCls) § 7.31 — 7.26 (m, 2H),
7.26 —7.22 (m, 2H), 5.49 (dd, J=49.0, 8.5 Hz, 1H), 4.97 (s, 1H), 3.84 (t, /= 6.5 Hz, 2H), 3.71 — 3.55 (m, 1H), 3.45
—3.27 (m, 1H), 2.86 (t, J = 6.5 Hz, 2H), 1.43 (s, 9H). 3C NMR (150 MHz, CDCls) § 155.9, 139.4, 135.6 (d, J =
19.8 Hz), 129.4, 125.9 (d, J= 6.9 Hz), 93.2 (d, J= 172.2 Hz), 79.9, 63.6, 46.5 (d, J= 24.3 Hz), 39.0, 28.5. YF NMR
(565 MHz, CDCl3) 6 -183.0 (ddd, J=48.4,31.3, 17.4 Hz). IR viax (film): 3455, 3332, 2918, 2821, 1705, 1689, 1516,
1464, 1367, 1267, 1162, 1050, 911, 848, 738 cm™!. HRMS (ESI) m/z calcd for Ci1sH22FNO3Na [M+Na]*: 306.1476;
found: 306.1475.

Ph F

©)</NHBoc

2ad’

Product 2ad' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 20:1) afforded 2ad' as a yellow oil (65.2 mg, 0.21 mmol, 69%). "TH NMR (600 MHz, CDCls) 6 7.32 (d, J = 7.2
Hz, 4H), 7.28 (t,J = 7.8 Hz, 4H), 7.25 — 7.20 (m, 2H), 4.78 (s, 1H), 3.98 (dd, J= 24.6, 6.0 Hz, 2H), 1.27 (s, 9H). 3C
NMR (150 MHz, CDCls) 6 155.8, 140.9 (d, /= 23.1 Hz), 128.5, 128.2, 125.8 (d, J= 7.9 Hz), 99.7 (d, /= 189.8 Hz),
79.7,48.2 (d, J=22.1 Hz), 28.4. F NMR (565 MHz, CDCl3) § -151.8 (t, J = 24.5 Hz). IR vpmax (film): 3455, 3332,
3041, 2964, 1706, 1631, 1507, 1411, 1365, 1251, 1164, 741, 701 cm™'. HRMS (ESI) m/z calcd for Ci9H3FNO,
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[M+H]*: 316.1707; found: 316.1710.

Me F

©)</NH2

2ae

Product 2ae was prepared following the general procedure A, except that the reaction was performed at 30 °C for
15 min. Purification using column chromatography (DCM/MeOH = 20:1 as eluent) afforded 2ae as a yellow oil (33.5
mg, 0.22 mmol, 73%). '"H NMR (600 MHz, CDCls) & 7.39 (t, J = 7.8 Hz, 2H), 7.35 — 7.29 (m, 3H), 3.05 (s, 1H),
3.02 (d, J=3.0 Hz, 1H), 1.64 (d, J=22.2 Hz, 3H), 1.32 (s, 2H). 13C NMR (150 MHz, CDCl;) § 142.7 (d, J=22.2
Hz), 128.6, 127.6, 124.5 (d, J = 10.4 Hz), 98.2 (d, J = 172.6 Hz), 52.4 (d, J = 24.9 Hz), 25.1 (d, J = 24.7 Hz). YF
NMR (565 MHz, CDCl3) 6 -155.2 —-159.4 (m). IR vmax (film): 2923, 2869, 1670, 1478, 1427, 1263, 1213, 987, 880,
787, 688 cm’l. HRMS (ESI) m/z calcd for CoH3FN [M+H]*: 154.1027; found: 154.1025.

"Pr. F

©)Q/NHBoc

2af’

Product 2af' was prepared following the general procedure B, except that the reaction was performed at 30 °C for
15 min. Purification using column chromatography (PE/EA = 20:1) afforded 2af' as a yellow oil (53.1 mg, 0.19
mmol, 63%). 'TH NMR (600 MHz, CDCls) 8 7.32 — 7.26 (m, 2H), 7.25 — 7.20 (m, 3H), 4.64 (s, 1H), 3.64 — 3.55 (m,
1H), 3.52 — 3.44 (m, 1H), 1.91 — 1.84 (m, 1H), 1.82 — 1.72 (m, 1H), 1.30 (s, 9H), 1.26 — 1.21 (m, 1H), 1.07 — 1.00
(m, 1H), 0.77 (t, J= 7.8 Hz, 3H). 13C NMR (150 MHz, CDCl3) § 156.1, 140.7 (d, J=22.0 Hz), 128.4, 127.6, 124.9
(d,J=10.0 Hz), 99.9 (d, J=175.9 Hz), 79.6, 49.0 (d, J=22.2 Hz), 39.8 (d, J = 22.7 Hz), 28.4, 16.5 (d, /= 4.1 Hz),
14.3. F NMR (565 MHz, CDCl3) 8 -163.5 —-164.1 (m). IR vmax (film): 3301, 3071, 2879, 1659, 1513, 1401, 1367,
1287, 1240, 1164, 1034, 740 cm!. HRMS (ESI) m/z calced for Ci6HasFNO, [M+H]": 282.1864; found: 282.1870.

F

©i§—NHBoc

2ag', cis:trans = 7:1

Product 2ag' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 20:1) afforded 2ag' as a yellow oil (cis:trans = 7:1, 46.7 mg, 0.19 mmol, 62%).

Major cis-diastereomeric pair (2ag'-I): '"H NMR (600 MHz, CDCl3) § 7.45 — 7.39 (m, 1H), 7.34 — 7.29 (m, 1H),
7.24—-7.19 (m, 2H), 5.60 (dd, J=58.2,4.8 Hz, 1H), 5.09 (d, /J=9.6 Hz, 1H), 4.58 — 4.24 (m, 1H), 3.22 (dd, J=15.0,
7.2 Hz, 1H), 2.89—2.79 (m, 1H), 1.42 (s, 9H). ¥C NMR (150 MHz, CDCl3) & 155.7, 143.1, 137.8 (d, J= 15.3 Hz),
131.0(d, J=4.5Hz), 127.5 (d, J=3.7 Hz), 126.6 (d, J=2.7 Hz), 125.3 (d, /=2.9 Hz), 94.6 (d, /= 176.8 Hz), 79.9,
53.7(d,J=19.1 Hz), 36.8, 28.5. YF NMR (565 MHz, CDCl3) 8 -179.2 (dd, J= 58.3, 25.7 Hz). IR Vpax (film): 3440,
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3332, 2979, 1705, 1688, 1508, 1303, 1252, 1165, 1054, 753 cm!. HRMS (ESI) m/z caled for Ci4Hi;sFNO>Na
[M+Na]*: 274.1214; found: 274.1210.

Minor trans-diastereomeric pair (2ag'-II) is a known compound. !

F

NHBoc
Me

2ah’
two diastereomeric pairs in a 1:1 ratio

Product 2ah' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 20:1) afforded 2ah' as a yellow oil (a mixture containing two diastereomeric pairs in a ratio of 1:1, 32.7 mg, 0.13
mmol, 43%).

One diastereomeric pair (2ah'-I): 'H NMR (500 MHz, CDCl;) 6 7.41 — 7.34 (m, 2H), 7.35 — 7.27 (m, 3H), 5.63
(d, J=48.0 Hz, 1H), 4.85 (s, 1H), 4.14 — 3.87 (m, 1H), 1.46 (s, 9H), 1.02 (d, J= 7.0 Hz, 3H). *C NMR (150 MHz,
CDCl) 6 155.3, 137.6 (d, J= 20.3 Hz), 128.5, 128.1, 125.1 (d, /= 8.8 Hz), 95.5 (d, /= 177.8 Hz), 79.7, 51.1 (d, J
=21.8 Hz), 28.5, 13.3. ¥F NMR (565 MHz, CDCls) 8 -202.4 (dd, J=48.0, 27.7 Hz).

Another diastereomeric pair (2ah'-II): '"H NMR (500 MHz, CDCls) § 7.39 — 7.34 (m, 2H), 7.34 — 7.27 (m, 3H),
5.40 (dd, J=46.0, 5.5 Hz, 1H), 4.56 (s, 1H), 4.24 —3.96 (m, 1H), 1.35 (s, 9H), 1.19 (d, J= 7.0 Hz, 3H). *C NMR
(150 MHz, CDCl3) 6 155.3, 137.2 (d, J=20.5 Hz), 128.5, 128.4, 126.0 (d, /= 7.7 Hz), 95.5 (d, J=176.9 Hz), 79.6,
50.1 (d, J=23.3 Hz), 28.4, 17.2. ’F NMR (565 MHz, CDCl3) § 190.6 (dd, J=46.2, 19.5 Hz). IR Vpax (film): 3440,
3335, 2973, 2924, 1680, 1512, 1490, 1361, 1241, 1168, 1056, 785 cm™!. HRMS (ESI) m/z calcd for Ci4H21FNO;
[M+H]*": 254.1551; found: 254.1549.

F

NHZ

2ai

Product 2ai was prepared following the general procedure A. Purification using column chromatography
(DCM/MeOH = 20:1 as eluent) afforded 2ai as a yellow 0il (39.2 mg, 0.21 mmol, 69%). 'H NMR (600 MHz, CDCls)
8 7.89 —7.83 (m, 3H), 7.81 (s, 1H), 7.55 — 7.47 (m, 2H), 7.42 (dd, J= 8.4, 1.8 Hz, 1H), 5.60 (ddd, /= 48.0,7.2, 3.8
Hz, 1H), 3.26 — 3.08 (m, 2H), 1.40 (s, 2H). '*C NMR (150 MHz, CDCls) § 135.5 (d, J = 19.9 Hz), 133.4, 133.1,
128.6, 128.2, 127.9, 126.6, 126.5, 125.0 (d, /= 8.2 Hz), 123.2 (d, /= 6.9 Hz), 96.0 (d, J = 172.4 Hz), 48.3 (d, J =
24.7 Hz). 'F NMR (565 MHz, CDCl;) 8 -185.2 (ddd, J = 46.8, 26.7, 19.8 Hz). IR vimay (film): 2905, 2863, 1661,
1512, 1235, 950, 832, 739 cm'l. HRMS (ESI) m/z calcd for C12H3FN [M+H]*: 190.1027; found: 190.1020.
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2aj’

Product 2aj' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 15:1) afforded 2aj' as a yellow oil (51.3 mg, 0.17 mmol, 58%). "TH NMR (600 MHz, CDCls) & 7.79 — 7.74 (m,
1H), 7.72 — 7.68 (m, 1H), 7.33 — 7.27 (m, 2H), 7.27 — 7.24 (m, 1H), 5.75 (dd, J = 48.6, 4.8 Hz, 1H), 4.90 (s, 1H),
3.80 — 3.65 (m, 1H), 3.59 — 3.49 (m, 1H), 1.38 (s, 9H). *C NMR (150 MHz, CDCls) & 155.9, 139.9, 139.8 (d, J =
21.4 Hz), 139.1, 125.1, 124.7, 124.2, 123.0 (d, /= 6.8 Hz), 122.6, 89.6 (d, /= 172.3 Hz), 80.1, 46.0 (d, J = 24.8 Hz),
28.5. YF NMR (565 MHz, CDCl3) 8 -170.1 (ddd, J = 46.4, 28.0, 16.8 Hz). IR vmax (film): 3440, 3363, 2918, 2841,
1691, 1507, 1459, 1367, 1265, 1161, 1053, 740 cm™. HRMS (ESI) m/z calcd for CsH;9FSNO> [M+H]": 296.1115;
found: 296.1116.

Me F

Ph _~ X _NH,

2ak

Product 2ak was prepared following the general procedure A, except that the reaction was performed in
DCE at 80 <T for 1 h. Purification using column chromatography (DCM/MeOH = 20:1 as eluent) afforded 2ak
as a yellow oil (31.6 mg, 0.16 mmol, 54%) with 15% of the starting materials 1ak recovered (7.2 mg, 0.05 mmol).
'H NMR (600 MHz, CDCls) 4 7.28 (dd, J = 8.4, 6.6, 2H), 7.20 — 7.17 (m, 3H), 2.82 — 2.66 (m, 2H), 2.66 — 2.60 (m,
2H), 1.76 — 1.58 (m, 4H), 1.28 (d, J = 21.8 Hz, 3H), 1.19 — 1.05 (m, 2H). 3C NMR (150 MHz, CDCls) & 142.1,
128.5, 126.0, 97.6 (d, J = 167.9 Hz), 50.1 (d, J = 24.2 Hz), 36.8 (d, J = 22.7 Hz), 36.2, 25.5 (d, J = 5.7 Hz), 21.8 (d,
J=24.7 Hz). °F NMR (565 MHz, CDCl3) & -152.5 — -155.5 (m). IR vmax (film): 2939, 2863, 1498, 1455, 1199,
1094, 908, 832, 753, 688 cmt. HRMS (ESI) m/z calcd for C12H1gFN [M+H]*: 196.1496; found: 196.1492.

Me F

MNHBOC
Me

2al'

Product 2al' was prepared following the general procedure B, except that the aminofluorination reaction was
performed in DCE at 80 °C for 1 h. Purification using column chromatography (PE/EA = 20:1) afforded 2al' as a
yellow oil (48.7 mg, 0.15 mmol, 49%) with 20% of the starting materials 1al recovered (11.8 mg, 0.06 mmol). "H
NMR (600 MHz, CDCls) § 4.81 (t, J= 6.6 Hz, 1H), 3.26 (dt, J = 21.6, 6.6 Hz, 2H), 1.65 — 1.50 (m, 2H), 1.43 (s,
9H), 1.38 — 1.34 (m, 2H), 1.32 — 1.22 (m, 19H), 0.86 (t, J = 6.6 Hz, 3H). 3C NMR (150 MHz, CDCl3)  156.3, 97.5
(d, J=167.7 Hz), 79.5, 48.1 (d, J=21.8 Hz), 37.5 (d, /= 21.9 Hz), 32.1, 30.1, 29.8, 29.77, 29.75, 29.6, 29.5, 23.6
(d,J=6.2 Hz),22.8,21.7 (d,J =24.3 Hz), 14.2. YF NMR (565 MHz, CDCl3)  -149.5 — -150.2 (m). IR Viax (film):
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3560, 3378, 3083, 2966, 2767, 1874, 1632, 1513, 1404, 1342, 1243, 1198, 1162, 1010 cm™!. HRMS (ESI) m/z calcd
for C19H30FNO> [M+H]*: 332.2959; found: 332.2957.

Me F

/MNHBOC
Br

2am’

Product 2am' was prepared following the general procedure B, except that the aminofluorination reaction was
performed in DCE at 80 °C for 1 h. Purification using column chromatography (PE/EA = 20:1) afforded 2am' as a
yellow oil (51.5 mg, 0.17 mmol, 55%) with 17% of the starting materials 1am recovered (9.0 mg, 0.05 mmol). "H
NMR (600 MHz, CDCl3) 6 4.84 (t, J = 6.6 Hz, 1H), 3.41 (t, /= 6.6 Hz, 2H), 3.30 (dd, /= 21.6, 6.6 Hz, 2H), 1.92 —
1.84 (m, 2H), 1.70 — 1.62 (m, 1H), 1.61 — 1.50 (m, 3H), 1.45 (s, 9H), 1.31 (d, J=21.6 Hz, 3H). 3C NMR (150 MHz,
CDCl3) 6 156.2,97.1 (d, J=168.9 Hz), 79.6, 48.0 (d, J=22.0 Hz), 36.3 (d, /= 22.2 Hz), 33.4, 33.0, 28.5, 22.2 (d,
J=6.0 Hz), 21.7 (d, J= 24.2 Hz). Y’F NMR (565 MHz, CDCl5) § -150.5 — -150.8 (m). IR vmax (film): 2981, 2928,
2868, 1696, 1636, 1517, 1461, 1397, 1359, 1252, 1166, 754 cm™!. HRMS (ESI) m/z caled for Ci2H23BrFNO>Na
[M+Na]*: 334.0788; found: 334.0794.

Me F

/\)Q/NHBoc
BnO

2an'

Product 2an' was prepared following the general procedure B, except that the aminofluorination reaction was
performed in DCE at 80 °C for 1 h. Purification using column chromatography (PE/EA = 20:1) afforded 2an' as a
yellow oil (54.1 mg, 0.17 mmol, 58%) with 10% of the starting materials 1an recovered (5.3 mg, 0.03 mmol). "H
NMR (600 MHz, CDCl3) § 7.29 — 7.16 (m, SH), 4.92 — 4.86 (m, 1H), 4.42 (s, 2H), 3.58 — 3.48 (m, 2H), 3.25 (dd, J
=19.8, 6.6 Hz, 2H), 1.98 — 1.81 (m, 2H), 1.37 (s, 9H), 1.27 (d, J = 22.2 Hz, 3H). 3C NMR (150 MHz, CDCls) &
156.2, 138.2,128.5, 127.8, 127.7, 96.4 (d, J=169.2 Hz), 79.5, 73.3, 65.6 (d, J= 7.0 Hz), 48.0 (d, /= 24.2 Hz), 37.4
(d, J=22.4 Hz), 28.5, 22.7 (d, J = 23.8 Hz). 'F NMR (565 MHz, CDCl3) § -149.5 — -149.8 (m). IR Vmax (film):
3245, 3030,2981,2784, 1749, 1690, 1507, 1403, 1377, 1366, 1163, 927, 854, 742, 701 cm!. HRMS (ESI) m/z caled
for C17H26FNNaOs3 [M+Na]*: 334.1789; found: 334.1791.

Me

NHBoc

2ao0’'

Product 2ae' was prepared following the general procedure B, except that the aminofluorination reaction was
performed in DCE at 80 °C for 1 h. Purification using column chromatography (PE/EA = 20:1) afforded 2ao0' as a
yellow oil (42.8 mg, 0.14 mmol, 47%) with 27% of the starting materials 1ao recovered (13.6 mg, 0.08 mmol). "H
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NMR (600 MHz, CDCls) § 4.75 (t, J= 6.6 Hz, 1H), 3.30 (dd, J = 22.2, 6.6 Hz, 2H), 1.62 — 1.55 (m, 4H), 1.45 (s,
9H), 1.35 — 1.24 (m, 12H), 0.89 (t, J = 6.6 Hz, 6H). 3C NMR (150 MHz, CDCI3) 6 156.2, 99.4 (d, J = 169.5 Hz),
79.5,46.5 (d, J=21.7 Hz), 34.5 (d, J = 22.1 Hz), 32.3, 28.5, 23.0 (d, J = 6.5 Hz), 22.6, 14.1. "’F NMR (565 MHz,
CDCl) 6 -154.4 — -154.7 (m). IR vmax (film): 3443, 2917, 2852, 1716, 1669, 1515, 1458, 1370, 1241, 1168 cm™.
HRMS (ESI) m/z calcd for Ci17H3sFNO2 [M+H]": 304.2646; found: 304.2647.

NHBoc

oMe

2ap', dr=1:1

Product 2ap' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=4:1) afforded 2ap' as a yellow oil (dr = 1:1, 82.6 mg, 0.20 mmol, 66%). 'TH NMR (600 MHz, CDCls3) § 7.24 (d, J
= 8.4 Hz, 1H), 7.06 (d, J = 8.4 Hz, 1H), 7.01 (s, 1H), 5.40 (dd, J = 48.0, 8.4 Hz, 1H), 4.90 (s, 1H), 3.66 — 3.49 (m,
1H), 3.35 - 3.20 (m, 1H), 2.88 — 2.81 (m, 2H), 2.43 (dd, J=19.2, 9.0 Hz, 1H), 2.39 — 2.33 (m, 1H), 2.27 — 2.19 (m,
1H), 2.12 - 2.03 (m, 1H), 2.03 — 1.94 (m, 2H), 1.92 — 1.87 (m, 1H), 1.75 — 1.58 (m, 1H), 1.58 — 1.52 (m, 2H), 1.52
—1.47 (m, 1H), 1.47 — 1.43 (m, 1H), 1.43— 1.41 (m, 1H), 1.38 (s, 9H), 0.84 (s, 3H). 13C NMR (150 MHz, CDCl5) &
220.8, 155.9, 140.5, 137.0, 134.9 (d, J = 19.5 Hz), 126.3 (d, J = 6.6 Hz), 126.3 (d, J= 6.8 Hz), 125.7, 123.1 (d, J =
5.8 Hz), 123.1 (d,J=5.9 Hz), 93.4 (d, J=172.5 Hz), 93.3 (d, /= 171.7 Hz), 79.8, 50.6, 48.1, 46.5 (d, J=24.9 Hz),
44.5,38.2(d,J=2.2 Hz),35.9,31.7,29.5 (d, /= 7.6 Hz), 28.5, 26.5 (d, /= 3.2 Hz), 25.8 (d, /= 3.9 Hz), 21.7, 13.9.
YF NMR (565 MHz, CDCI3) 6 -182.8 (ddd, J = 48.6, 32.4, 16.8 Hz), -183.1 (ddd, J = 48.8, 32.5, 16.9 Hz). IR Viax
(film): 3425, 3316, 3017, 2918, 2350, 1715, 1510, 1456, 1365, 1272, 1249, 1161, 1000, 913, 740 cm™'. HRMS (ESI)
m/z calcd for CosH3sFNO3; [M+H]": 416.2595; found: 416.2596.

2aq',dr=1:1

Product 2aq' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=2:1) afforded 2aq' as a yellow oil (dr = 1:1, 123 mg, 0.19 mmol, 64%). '"H NMR (600 MHz, CDCl3) & 7.30 — 7.25
(m, 2H), 7.24 —7.20 (m, 2H), 5.50 (dd, /= 48.0, 8.4 Hz, 1H), 5.11 (s, 1H), 4.28 — 4.24 (m, 2H), 3.72 — 3.54 (m, 2H),
3.41-3.28 (m, 1H), 2.92 (t,J = 7.2 Hz, 2H), 2.35 - 2.27 (m, 1H), 2.22 — 2.12 (m, 2H), 1.96 — 1.90 (m, 1H), 1.86 —
1.81 (m, 2H), 1.81 — 1.76 (m, 2H), 1.76 — 1.71 (m, 2H), 1.66 — 1.62 (m, 1H), 1.57 — 1.53 (m, 1H), 1.52 — 1.46 (m,
1H), 1.43 (s, 9H), 1.37 — 1.33 (m, 2H), 1.32 — 1.27 (m, 2H), 1.26 — 1.23 (m, 2H), 1.23 — 1.17(m, 2H), 1.17 — 1.11 (m,
2H), 1.08 — 1.05 (m, 2H), 1.05 — 1.00 (m, 2H),0.99 — 0.93 (m, 1H), 0.90 (s, 3H), 0.88 (d, J = 6.6 Hz, 3H), 0.62 (s,
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3H). 13C NMR (150 MHz, CDCl3) & 174.2, 155.9, 138.5, 135.6 (d, J = 19.7 Hz), 129.1, 125.7 (d, J = 6.9 Hz), 93.1
(d, J=172.3 Hz), 79.7, 71.7, 64.5, 56.5, 56.0, 46.4 (d, J = 24.1 Hz), 42.7, 42.1, 40.4, 40.2, 36.4, 35.9, 35.4, 35.3,
34.8,34.6,31.2,31.0,30.5,28.4,28.2,27.2,26.5,24.2,23.4,20.8, 18.3, 12.1. YF NMR (565 MHz, CDCl3) 5 -182.8
—-183.3 (m). IR vmax (film): 3384, 3025, 2933, 2868, 2641, 2458, 2018, 1716, 1515, 1451, 1370, 1160, 1050, 800
cm!, HRMS (ESI) m/z calcd for C3oHgi FNOs [M+H]": 642.4528; found: 642.4520.

2ar'

Product 2ar' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 2:1) afforded 2ar" as a yellow oil (105 mg, 0.19 mmol, 63%). 'H NMR (600 MHz, CDCl;3) & 7.66 (d, J = 8.4 Hz,
2H), 7.59 (d, J = 8.4 Hz, 2H), 7.39 — 7.35 (m, 3H), 7.36 — 7.31 (m, 3H), 7.31 — 7.26 (m, 2H), 7.24 (d, J= 7.8 Hz,
2H), 5.51 (dd, J=48.0, 8.4 Hz, 1H), 5.04 (s, 1H), 4.36 (t,J= 6.6 Hz, 2H), 3.75 — 3.57 (m, 1H), 3.43 — 3.33 (m, 1H),
3.19 (t, J=7.2 Hz, 2H), 2.97 (t,J = 7.2 Hz, 2H), 2.92 (t, J= 7.8 Hz, 2H), 1.47 (s, 9H). ¥*C NMR (150 MHz, CDCl5)
5171.9,161.8, 155.8, 145.5, 138.4, 135.7 (d, /= 19.8 Hz), 135.2, 132.5, 129.1, 129.0, 128.7, 125.8 (d, /= 6.9 Hz),
128.1, 128.0, 126.5, 125.8, 125.8,93.1 (d, J=172.3 Hz), 79.7, 65.1, 46.4 (d, J=24.1 Hz), 34.8, 31.2, 28.4, 23.5. ¥F
NMR (565 MHz, CDCl3) 6 -183.1 (ddd, J=48.2,31.2, 16.9 Hz). IR vimax (film): 3440, 3240, 2979, 2366, 1736, 1651,
1573, 1417, 1374, 1214, 1160, 898, 811, 736 cm™!. HRMS (ESI) m/z calcd for C33H3sFN2Os [M+H]": 559.2603;
found: 559.2601.

Me Me

NHBoc

Me

o (o)

2as', two diastereomeric pairs in a 1:1 ratio

Product 2as' was prepared following the general procedure B. Purification using column chromatography (PE/EA
=10:1) afforded 2as’ as a yellow oil (a mixture containing two diastereomeric pairs in a ratio of 1:1, 99.0 mg, 0.21
mmol, 70%). 'H NMR (600 MHz, CDCIl;) 6 7.25 (d, J= 7.8 Hz, 2H), 7.18 (d, J= 7.8 Hz, 2H), 7.14 (d, J = 7.8 Hz,
2H), 7.11 (d, J= 7.8 Hz, 2H), 5.52 (dd, J=48.0, 8.4 Hz, 1H), 4.98 (s, 1H), 4.35 —4.29 (m, 1H), 4.29 — 4.23 (m, 1H),
3.74-3.61 (m, 2H), 3.44 — 3.32 (m, 1H), 2.95 — 2.82 (m, 2H), 2.48 (d, /J=7.2 Hz, 2H), 1.92 — 1.84 (m, 1H), 1.49 (s,
3H), 1.47 (s, 9H), 0.93 (d, J = 6.6 Hz, 6H). 3C NMR (150 MHz, CDCl3) § 174.7, 155.9, 140.7, 138.7, 137.8, 135.6
(d, J=19.7 Hz), 129.4, 129.2, 127.3, 125.8 (d, /= 6.9 Hz), 93.2 (d, /= 172.2 Hz), 79.8, 65.0,46.5 (d, J=23.9 Hz),
45.3,45.2,34.9,30.3,28.5,22.5, 18.5. F NMR (565 MHz, CDCl3) & -183.1 (ddd, J=49.1, 31.6, 17.2 Hz). IR Vmax
(film): 3316, 3010, 2918, 2826, 1706, 1660, 1509, 1459, 1366, 1269, 1249, 1162, 901, 808, 737 cm™'. HRMS (ESI)
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m/z calcd for CsH30FNO4 [M+H]": 472.2858; found: 472.2859.

Me NHBoc
(o]

2at', dr=1:1

Product 2at' was prepared following the general procedure B. Purification using column chromatography (PE/EA
= 4:1) afforded 2at' as a yellow oil (dr = 1:1, 92.0 mg, 0.18 mmol, 60%). 'H NMR (600 MHz, CDCl3) 8 7.30 (d, J
=7.8 Hz, 2H), 7.27 - 7.21 (m, 2H), 5.55 — 5.33 (m, 2H), 4.90 (s, 1H), 4.58 — 4.50 (m, 2H), 4.48 (d, /= 12.6 Hz, 1H),
4.27-4.21 (m, 1H), 4.20 (d,J="7.8 Hz, 1H), 3.94 (t, J= 6.0 Hz, 1H), 3.68 —3.50 (m, 3H), 3.35 - 3.23 (m, 1H), 1.47
(s, 3H), 1.38 (s, 9H), 1.37 (s, 3H), 1.26 (s, 6H). 1*C NMR (150 MHz, CDCl3) § 155.9, 139.1, 136.7 (d, /= 19.7 Hz),
128.0, 125.6 (d, J = 7.0 Hz), 109.4, 108.7, 96.5, 93.2 (d, /= 172.4 Hz), 79.8, 73.0, 71.3, 70.8, 70.7, 69.2, 67.1, 46.5
(d, J=24.0 Hz), 28.5, 28.4,27.9,26.2, 26.1, 25.0, 24.6. ’F NMR (565 MHz, CDCl5) 6 -183.4 —-183.8 (m). IR Vinax
(film): 3290, 3095, 2936, 2832, 1701, 1571, 1500, 1412, 1366, 1254, 1163, 1061, 910, 764, 733 cm™'. HRMS (ESI)
m/z calcd for C26H30FNOg [M+H]": 512.2654; found: 512.2657.

F

NHBoc
BocHN

MeO

2au', dr=1:1

Product 2au’ was prepared following the general procedure B. Purification using column chromatography (PE/EA
=4:1) afforded 2au' as a yellow oil (dr = 1:1, 81.9 mg, 0.19 mmol, 62%). '"H NMR (500 MHz, CDCls) § 7.30 — 7.23
(m, 2H), 7.14 (d, J = 7.0 Hz, 2H), 5.49 (dd, J = 48.5, 8.5 Hz, 1H), 4.95 (s, 2H), 4.64 — 4.50 (m, 1H), 3.70 (s, 3H),
3.68 —3.54 (m, 1H), 3.41 —3.28 (m, 1H), 3.16 — 3.07 (m, 1H), 3.07 — 2.99 (m, 1H), 1.44 (s, 9H), 1.40 (s, 9H). 3C
NMR (150 MHz, CDCls) 6 172.3, 155.9, 155.2, 136.9, 136.2 (d, J = 20.2 Hz), 129.7, 125.9 (d, /= 6.9 Hz), 93.2 (d,
J=171.9 Hz), 80.2, 79.9, 54.5, 52.4, 46.5 (d, J = 24.2 Hz), 38.2, 28.5, 28.4. ’F NMR (565 MHz, CDCl3) § -183.3
—-184.1 (m). IR vmax (film): 3363, 3233, 3041, 2918, 2841, 1690, 1509, 1457, 1414, 1307, 1254, 1168, 1052, 966,
867, 741 cm’!. HRMS (ESI) m/z calcd for C2oH34FN2Os [M+H]": 441.2395; found: 441.2401.

Me F
BnO
2av'

Product 2av' was prepared following the general procedure B, except that the aminofluorination reaction was

performed in DCE at 80 °C for 1 h. Purification using column chromatography (PE/EA = 10:1) afforded 2av' as a
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yellow oil (56.4 mg, 0.14 mmol, 45%). "H NMR (600 MHz, CDCLs) § 7.45 — 7.41 (m, 2H), 7.37 — 7.34 (m, 2H),
7.31—7.27 (m, 1H), 6.80 (d, J= 7.8 Hz, 1H), 6.73 (d, J= 2.4 Hz, 1H), 6.66 (dd, J = 7.8, 1.8 Hz, 1H), 5.12 (s, 2H),
4.82 (t,J = 6.6 Hz, 1H), 3.88 (s, 3H), 3.35 (dd, J=22.2, 6.6 Hz, 2H), 2.64 (m, 2H), 1.97 — 1.82 (m, 2H), 1.45 (s, 9H),
1.36 (d, J = 22.2 Hz, 3H). 13C NMR (150 MHz, CDCL) § 156.3, 149.8, 146.6, 137.5, 135.0, 128.6, 127.9, 127.4,
120.2, 114.5, 112.4,97.1 (d, J = 168.8 Hz), 79.7, 71.4, 56.1, 48.0 (d, J = 22.2 Hz), 39.4 (d, J=22.2 Hz), 29.5 (d, J =
6.6 Hz), 28.5,21.9 (d, J = 24.2 Hz). YF NMR (565 MHz, CDCl3) § -150.7 — -151.0 (m). IR v (film): 3456, 3214,
3010, 2850, 1716, 1630, 1517, 1458, 1383, 1362, 1292, 1249, 1165, 1119, 917, 844 cm'. HRMS (ESI) m/z caled
for Co4H33FNO, [M+H]": 418.2388; found: 418.2387.

Part 5: Procedure and characteristic data for derivatization

F F

NH, R )SJ\ Et3N (3.0 equiv) _ NCS
Cl Cl THF, 0 °C - rt
Ph Ph

2a (1.0 equiv) 3

To a solution of 2a (43.1 mg, 0.20 mmol, 1.0 equiv) in dry THF (20 mL), carbon chlorosulfide (15 puL, 0.20 mmol,
1.0 equiv) and Et3N (83 puL, 0.60 mmol, 3.0 equiv) were added at 0 °C. The mixture was stirred for 30 min at 0 °C,
then allowed to warm to room temperature and stirred for another 30 min. Water (10 mL) was added to quench the
reaction, followed by extraction with diethyl ether (20 mL x 3). The combined organic phases were dried over
anhydrous Na>SOj4, and the solvents were removed under reduced pressure. Purification of the crude product by flash
column chromatography using PE as the eluent afforded the desired product 3 as a colorless oil (31.9 mg, 0.12 mmol,
62%). '"H NMR (600 MHz, CDCls) 8 7.64 (d, J = 7.8 Hz, 2H), 7.59 (d, J = 7.2 Hz, 2H), 7.45 (t, J = 7.8 Hz, 2H),
7.42 (d, J= 7.8 Hz, 2H), 7.37 (t, J = 7.2 Hz, 1H), 5.67 (ddd, J = 46.8, 7.2, 3.6 Hz, 1H), 4.04 — 3.74 (m, 2H). 3C
NMR (150 MHz, CDCl;) 6 142.5, 140.2, 134.8, 134.5 (d, /= 19.9 Hz), 128.9, 127.8, 127.6, 127.2, 126.1 (d, J="7.0
Hz),91.3 (d,J=180.8 Hz), 50.4 (d, /= 27.1 Hz). YFNMR (565 MHz, CDCl3)  -178.9 —-184.3 (m). IR Vmax (film):
1627, 1586, 1489, 1381, 1354, 1267, 1220, 1046, 911, 745 cm™'. HRMS (ESI) m/z caled for CisHi3FNS [M+H]*:
258.0747; found: 258.0743.

F

F H Me
NH, Me NaBH, (2.5 equiv) N\)\
+ 0\)\ > Me
NS
Me MeOH, rt
Ph Ph
4

2a (1.2 equiv)

In an oven-dried round bottomed flask, 2a (43.1 mg, 0.20 mmol, 1.0 equiv) and 2-formylpropane (22 uL, 0.24
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mmol, 1.2 equiv) were dissolved in anhydrous MeOH (2.0 mL) and the mixture was stirred for 12 h. Subsequently,
NaBH4 (18.9 mg, 0.50 mmol, 2.5 equiv) was added. After stirred for an additional 2 h, water (10 mL) was added to
the mixture, which was then extracted with DCM (15 mL x 3). The combined organic layers were washed with brine
(20 mL), dried over Na,SOs, filtered, and concentrated under reduced pressure. Purification by flash column
chromatography using PE/EA = 1:2 as the eluent afforded product 4 as a colorless oil (45.0 mg, 0.17 mmol, 83%).
TH NMR (600 MHz, CDCl3) 8 7.56 — 7.47 (m, 4H), 7.40 — 7.32 (m, 4H), 7.27 (t, J = 7.2 Hz, 1H), 5.57 (ddd, J =
48.0,9.0, 3.0 Hz, 1H), 3.07 (ddd, J=16.2, 13.2, 9.0 Hz, 1H), 2.84 (ddd, J=32.4, 13.2, 3.0 Hz, 1H), 2.53 —2.31 (m,
2H), 1.70 (dq, J = 13.2, 6.6 Hz, 1H), 0.85 (d, J = 6.6 Hz, 6H). 13C NMR (150 MHz, CDCl3) § 141.5, 140.6, 137.5
(d,J=19.0 Hz), 128.8, 127.5, 127.3,127.1, 126.1 (d, J=7.0 Hz), 93.7 (d, /= 171.2 Hz), 57.8, 55.9 (d, /= 24.0 Hz),
28.4,20.6. ’F NMR (565 MHz, CDCls) 6 -178.3 —-184.5 (m). IR vimax (film): 1629, 1592, 1488, 1384, 1357, 1285,
1097, 1000, 763, 726 cm’!. HRMS (ESI) m/z calcd for CisH23FN [M+H]*: 272.1809; found: 272.1810.

F F
NH, @(TMS CsF (2.0 equiv) H
+ >
oTf CH4CN, 1t \©
Ph Ph

2a (1.5 equiv) 5

To a solution of 2a (64.6 mg, 0.30 mmol, 1.5 equiv) and silylaryl triflate (49 puL, 0.20 mmol, 1.0 equiv) in MeCN
(4.0 mL) was added CsF (60.8 mg, 0.40 mmol, 2.0 equiv). The reaction mixture was allowed to stir at room
temperature and monitored by TLC. Once the reaction was completed, the resulting solution was washed with brine
(10 mL) and extracted with diethyl ether (15 mL % 3). The combined organic layers were dried over Na>SO4 and
filtered. The solvent was removed under reduced pressure and the residue was purified by flash chromatography
using eluents (PE/EA = 15:1) to afford the desired product 5 as a yellow oil (41.4 mg, 0.14 mmol, 71%). "H NMR
(500 MHz, CDCl3) 6 7.63 (d, J = 8.0 Hz, 2H), 7.59 (d, J= 7.0 Hz, 2H), 7.49 — 7.42 (m, 4H), 7.37 (t,J= 7.5 Hz, 1H),
7.24 —7.18 (m, 2H), 6.76 (t, J= 7.5 Hz, 1H), 6.68 (d, J= 8.0 Hz, 2H), 5.77 — 5.61 (m, 1H), 4.07 (s, 1H), 3.67 — 3.51
(m, 2H). 3C NMR (125 MHz, CDCl;) § 147.5, 142.0, 140.6, 136.8 (d, J = 19.6 Hz), 129.6, 129.0, 127.7, 127.6,
127.3,126.3 (d,J= 6.4 Hz), 118.3, 113.4,92.7 (d, J= 172.6 Hz), 50.1 (d, J=25.0 Hz). '°’F NMR (470 MHz, CDCl5)
8 -168.4 —-193.3 (m). IR vmax (film): 2382, 1599, 1485, 1386, 1351, 1297, 1108, 1034, 766, 727 cm™!. HRMS (ESI)
m/z calcd for CooH19FN [M+H]": 292.1496; found: 292.1493.

F | Cul (0.1 equiv) F H
NH, . Met (0.2 equiv) N
B CsCO; (3.0 equiv) \©\
Ph u EtOH, reflux, 12 h Ph Bu

2a (3.0 equiv) 6

A solution of the 2a (43.1 mg, 0.20 mmol, 1.0 equiv), 1-tert-butyl-4-iodobenzene (106 pL, 0.60 mmol, 3.0 equiv),
Cul (3.8 mg, 0.02 mmol, 0.1 equiv), metformin hydrochloride (6.6 mg, 0.04 mmol, 0.2 equiv) and Cs,CO3 (195 mg,
0.60 mmol, 3.0 equiv) in EtOH (2.0 mL) was heated to reflux under N for12 h. After completion of the reaction, the

mixture was cooled to room temperature, and the solid was removed by filter. The filtrate was concentrated under
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reduced pressure and the crude product was purified by column chromatography using eluents (PE/EA = 15:1) to
afford the corresponding product 6 as a yellow oil (43.0 mg, 0.12 mmol, 62%). 'H NMR (600 MHz, CDCl;) & 7.56
(d, J=7.8 Hz, 2H), 7.54 — 7.51 (m, 2H), 7.40 — 7.35 (m, 4H), 7.32 — 7.28 (m, 1H), 7.17 (d, J = 8.4 Hz, 2H), 6.57 (d,
J=8.4Hz, 2H), 5.70 — 5.53 (m, 1H), 3.52 (d, /= 6.0 Hz, 1H), 3.48 (dd, /= 6.0, 3.6 Hz, 1H), 1.22 (s, 9H). ¥*C NMR
(150 MHz, CDCl3) 6 145.0, 141.8, 141.1, 140.6, 136.8 (d, /= 19.9 Hz), 128.9, 127.6, 127.4, 127.2, 126.2, 126.1 (d,
J=6.1Hz), 113.1, 92.6 (d, J = 172.5 Hz), 50.3 (d, J = 25.4 Hz), 33.9, 31.5. '°’F NMR (565 MHz, CDCl;)  -182.4
(dd, J=46.4, 24.1 Hz). IR vimax (film): 1601, 1486, 1384, 1354, 1295, 1209, 1112, 997, 767, 734 cm’!. HRMS (ESI)
m/z calcd for C24H27FN [M+H]™: 348.2122; found: 348.2125.

Me
(o} )\
T H\)l\ F z Me
NH, . Boc” Y OH HATU (2.0 equiv) H :
2 > NHB
YMe DIPEA (1.3 equiv) \[(\ ¢
Ph THF, rt, 12 h o]
Me Ph
2a (1.2 equiv) 7,dr=1:1

To a solution of the Boc-L-leucine (55.5 mg, 0.24 mmol, 1.2 equiv) and &, N-diisopropylethylamine (DIPEA, 45
uL, 0.26 mmol, 1.3 equiv) in anhydrous THF (2.0 mL) was added 2a (43.1 mg, 0.20 mmol, 1.0 equiv). Then, O-(7-
azabenzotriazol-1-yl)-N, N, N°, N’-tetramethyluronium hexafluorophosphate (HATU, 152 mg, 0.40 mmol, 2.0 equiv)
was added to the reaction. The resulting mixture was stirred at room temperature overnight. Upon TLC showed
complete consumption of the starting material, the mixture was filtered through celite. The filtrate was washed with
saturated NaHCOj3 solution, dried over anhydrous Na>SOs, and concentrated in vacuo. Further purification by flash
column chromatography using PE/EA = 8:1 as the eluent afforded the desired product 7 as a colorless oil (dr = 1:1,
68.6 mg, 0.16 mmol, 80%). "TH NMR (500 MHz, CDCl3) § 7.62 — 7.55 (m, 4H), 7.46 — 7.39 (m, 4H), 7.38 — 7.33 (m,
1H), 6.64 (s,1H), 5.66 — 5.48 (m, 1H), 4.90 (d, J = 8.5 Hz, 1H), 4.14 (s, 1H), 4.06 — 3.85 (m, 1H), 3.62 — 3.37 (m,
1H), 1.71 — 1.59 (m, 2H), 1.44 (s, 10H), 0.96 — 0.89 (m, 6H). 3C NMR (125 MHz, CDCl;) & 173.1, 155.8, 141.8,
141.7, 140.5, 136.1 (d, J = 19.3 Hz), 128.8, 127.6, 127.3, 127.1, 126.0 (d, /= 6.9), 125.9 (d, /= 6.9), 92.7 (d, J =
173.1 Hz), 93.3 (d,J=173.1 Hz), 80.2, 53.2,45.0 (d, J=24.0 Hz), 41.4, 41.3, 28.3, 24.8, 24.7,23.0, 22.0. YF NMR
(470 MHz, CDCl3) 6 -169.8 — -193.1 (m). IR vmax (film): 1627, 1596, 1382, 1351, 1265, 1169, 11083, 847, 743, 720
cml, HRMS (ESI) m/z caled for CosH33FN>O3Na [M+Na]': 451.2367; found: 451.2359.

. |
. F
NH B K,CO3 (2.0 equiv) ’)
2 + I‘\/\ > N A
K1 (0.1 equiv), CH3CN N
Ph 80°C, 16 h
Ph

2a (3.0 equiv) 8

To a mixture of KoCO3 (55.2 mg, 0.40 mmol, 2.0 equiv), KI (3.3 mg, 0.02 mmol, 0.1 equiv) and 2a (43.1 mg, 0.20
mmol, 1.0 equiv) were added allyl bromide (52 pL, 0.60 mmol, 3.0 equiv) and CH3CN (2.0 mL) sequentially. After

being stirred at 80 °C (oil bath) for 16 h, the reaction was quenched with H>O (10 mL) and extracted with ether (15
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mL x 3). The combined organic layers were washed with brine, dried over anhydrous Na>SOa, and concentrated
under reduced pressure. Purification of the crude product by flash column chromatography using PE/EA = 10:1 as
the eluent afforded the desired product 8 as a colorless oil (46.0 mg, 0.16 mmol, 78%). "TH NMR (600 MHz, CDCls)
87.51(dd,J=17.8,54Hz,4H), 7.36 (t,J= 7.2 Hz, 2H), 7.31 (d, J=7.8 Hz, 2H), 7.28 (t,J= 7.2 Hz, 1H), 5.82 (ddd,
J=172,10.2,5.4 Hz, 2H), 5.61 (dd, /= 48.0, 7.8 Hz, 1H), 5.15 (d, J= 17.2 Hz, 2H), 5.11 (d, /= 10.2 Hz, 2H), 3.22
(d, J= 6.6 Hz, 4H), 2.97 (ddd, J = 16.2, 14.4, 8.4 Hz, 1H), 2.76 (ddd, J = 32.6, 14.4, 3.0 Hz, 1H). '3C NMR (150
MHz, CDCls) & 141.3, 140.7, 137.8 (d, J = 20.4 Hz), 135.1, 128.8, 127.5, 127.2, 127.1, 126.0 (d, /= 7.0 Hz), 118.3,
93.0 (d,J=172.9 Hz), 59.0 (d, J=23.6 Hz), 57.6. Y’F NMR (565 MHz, CDCl3) § -173.5 —-182.7 (m). IR Vpax (film):
1602, 1515, 1383, 1357, 1286, 1098, 996, 858, 782, 70lcm™. HRMS (ESI) m/z calcd for CaoH23FN [M+H]":
296.1809; found: 296.1815.

F o F (\o
NH, J/ 1 K,CO3 (2.0 equiv) N\)
+ .
Br Br KI (0.1 equiv), CH3CN
Ph 80 °C, 16 h Ph

2a (1.2 equiv) 9

To a mixture of K»CO3 (55.2 mg, 0.40 mmol, 2.0 equiv), KI (3.3 mg, 0.02 mmol, 0.1 equiv) and 2a (43.1 mg, 0.20
mmol, 1.0 equiv) were added 2,2'-dibromodiethyl ether (30 pL, 0.24 mmol, 1.2 equiv) and CH3CN (2.0 mL)
sequentially. After being stirred at 80 °C (oil bath) for 16 h, the reaction was quenched with HO (10 mL) and
extracted with ether (15 mL X 3). The combined organic layers were washed with brine, dried over anhydrous Na;SOs,
and concentrated under reduced pressure. Purification of the crude product by flash column chromatography using
PE/EA = 4:1 as the eluent afforded the desired product 9 as a colorless oil (47.9 mg, 0.17 mmol, 84%). 'H NMR
(500 MHz, CDCl3) 6 7.63 — 7.55 (m, 4H), 7.48 — 7.39 (m, 4H), 7.36 (t, J= 7.5 Hz, 1H), 5.71 (ddd, J=49.5, 8.5, 2.5
Hz, 1H), 3.77 (t, J= 4.5 Hz, 4H), 2.95 (ddd, J=17.5, 14.5, 8.5 Hz, 1H), 2.75 — 2.65 (m, 1H), 2.68 — 2.56 (m, 4H).
13C NMR (125 MHz, CDCl;) 8 141.6, 140.7, 137.8 (d, J = 19.9 Hz), 129.0, 127.7, 127.4, 127.2, 126.2 (d, J = 6.9
Hz), 92.6 (d, J=173.6 Hz), 67.1, 65.0 (d, J = 23.1 Hz), 54.3. 'F NMR (470 MHz, CDCl3) 6 -176.5 (ddd, J = 49.5,
33.9, 17.1 Hz). IR v (film): 1596, 1385, 1352, 1303, 1116, 1025, 1013, 872, 764, 702 cm!. HRMS (ESI) m/z
calcd for CisH2 FNO [M+H]": 286.1602; found: 286.1610.

HF
reflux 5h /@)\/

2a (1.5 equiv)

1,8-Naphthalic anhydride (59.5 mg, 0.30 mmol, 1.5 equiv) was added to a solution of 2a (43.1 mg, 0.20 mmol,
1.0 equiv) in THF (2.0 mL). After being refluxed for 5 h, the reaction was quenched by water (10 mL) and extracted
with EtOAc (15 mL x 3). The combined organic layers were washed with brine, dried over anhydrous Na;SOs,

filtered, and concentrated in vacuo. Purification of the crude product by flash column chromatography using PE/EA
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= 6:1 as the eluent afforded the desired product 10 as a colorless oil (44.3 mg, 0.11 mmol, 56%). '"H NMR (600 MHz,
CDCl3) 6 8.59 (d, J=17.2 Hz, 2H), 8.18 (d, J= 8.4 Hz, 2H), 7.72 (t,J= 7.8 Hz, 2H), 7.58 (dd, J= 15.6, 7.8 Hz, 4H),
7.54 (d, J="7.2 Hz, 2H), 7.38 (t,J= 7.8 Hz, 2H), 7.29 (t, /= 7.2 Hz, 1H), 5.90 (ddd, J=49.2, 9.6, 3.0 Hz, 1H), 4.95
(ddd,J=14.4,12.0,9.6 Hz, 1H), 4.25 (ddd, J=34.2, 14.4, 3.0 Hz, 1H). ®*C NMR (150 MHz, CDCl3) 5 164.4, 141.8,
140.6, 136.5 (d, J=19.1 Hz), 134.2, 131.7, 131.6, 128.8, 128.4, 127.5, 127.4, 127.2, 127.0, 126.3 (d, J = 6.9 Hz),
122.5,91.6 (d, J = 175.9 Hz), 45.5 (d, J = 24.8 Hz). YF NMR (565 MHz, CDCl3) § -179.3 — -190.1 (m). IR Vimax
(film): 1657, 1599, 1519, 1386, 1355, 1292, 1039, 901, 834, 763 cml. HRMS (ESI) m/z calcd for C26H19FNO>
[M+H]*: 396.1394; found: 396.1398.

F

F —
NH, o NaOH (0.1 equiv) N_ /
+ OW —_—
EtOH, -5to0 45 °C
Ph Ph
2a (1.1 equiv) "

NaOH (0.8 mg, 0.02 mmol, 0.1 equiv) was added to a solution of 2a (43.1 mg, 0.20 mmol, 1.0 equiv) in EtOH
(2.0 mL) at -5 °C. The mixture was stirred for 5 min and then butanedial (18 pL, 0.22 mmol 1.1 equiv) was added.
The mixture was allowed to warm to ambient temperature slowly and the temperature was further raised to 45 °C.
After 12 h, the reaction mixture was quenched by water (10 mL) and extracted with EtOAc (20 mL x 3). Combined
organic layers were washed with brine, dried over anhydrous Na,;SOs, filtered, and concentrated in vacuo.
Purification of the crude product by flash column chromatography using PE/EA = 9:1 as the eluent afforded the
desired product 11 as a colorless oil (43.5 mg, 0.16 mmol, 82%). TH NMR (600 MHz, CDCl3) § 7.56 — 7.48 (m, 4H),
7.37 (t, J=17.8 Hz, 2H), 7.29 (t, J = 7.2 Hz, 1H), 7.26 (d, J = 7.8 Hz, 2H), 6.60 (s, 2H), 6.10 (s, 2H), 5.59 (ddd, J =
47.4,7.2,3.6 Hz, 1H), 4.24 (ddd, J=18.6, 15.0, 7.2 Hz, 1H), 4.16 (ddd, J = 26.2, 15.0, 3.6 Hz, 1H). 3C NMR (150
MHz, CDCl3) & 142.1, 140.5, 135.9 (d, J=20.0 Hz), 129.0, 127.8, 127.5, 127.3, 126.2 (d, /= 7.0 Hz), 121.5, 108.8,
93.5(d, J=177.2 Hz), 55.4 (d, J = 25.9 Hz). "’F NMR (565 MHz, CDCls)  -178.3 (ddd, J = 46.1, 26.4, 18.6 Hz).
IR Vi (film): 1686, 1592, 1384, 1356, 1280, 1118, 1107, 992, 766, 760 cm™!. HRMS (ESI) m/z calcd for CisH7FN
[M+H]*: 266.1340; found: 266.1339.

F F lé\
o) NH,4CI (2.0 equiv) N
NH, + ONO + )J\ »> N
H H MeOH, 80 °C
Ph overnight Ph

2a (2.0 equiv) (2.0 equiv) 12

2a (43.1 mg, 0.20 mmol, 1.0 equiv), glyoxal (40% in water, 45 pL, 0.40 mmol, 2.0 equiv), formaldehyde (37% in
water, 30 pL, 0.40 mmol, 2.0 equiv) and ammonium chloride (21.4 mg, 0.40 mmol, 2.0 equiv) was dissolved in
MeOH (1.0 mL). The reaction was heated at 80 °C in Radley tube overnight. After cooling to room temperature, 1
M NaOH (5.0 mL) was added and the product was extracted with DCM (3 x 10 mL). The combined organic layers
were concentrated under reduced pressure. Purification of the crude product by flash column chromatography using

PE/EA = 2:1 as the eluent afforded the desired product 12 as a colorless oil (39.4 mg, 0.15 mmol, 74%). '"H NMR
S36



(600 MHz, CDCL3)  7.63 — 7.56 (m, 4H), 7.50 — 7.41 (m, 3H), 7.37 (t, J = 7.8 Hz, 1H), 7.31 (d, J = 7.8 Hz, 2H),
7.07 (s, 1H), 6.94 (s, 1H), 5.68 (dt, J = 46.8, 5.4 Hz, 1H), 4.34 (dd, J = 22.8, 5.4 Hz, 2H). 3C NMR (150 MHz,
CDCls) § 142.4, 140.3, 137.9, 134.9 (d, J=20.0 Hz), 129.7, 129.0, 127.9, 127.6, 127.2, 126.0 (d, J= 6.9 Hz), 119.9,
92.6 (d, J = 178.1 Hz), 52.5 (d, J = 26.5 Hz). YF NMR (565 MHz, CDCls) § -179.3 (dt, J = 46.8, 22.8 Hz). IR Vmax
(film): 1659, 1487, 1393, 1248, 1206, 1141, 1126, 1046, 763, 698 cm. HRMS (ESI) m/z caled for C7H sFN;
[M+H]": 267.1292; found: 267.1287.

. Me
F Me HCOOH (2.0 equiv) E
EtsN (1.0 equiv
NH, . 5 o 3N ( q )= N
DMSO, 100 °C, 4 h
Ph OH Ph ©

13
two diastereomeric pairs in a 1:1 ratio

2a (2.0 equiv)

2a (43.1 mg, 0.20 mmol, 1.0 equiv) and levulinic acid (41 pL, 0.40 mmol, 2.0 equiv) was dissolved in DMSO (1.0
mL). The mixture was degassed three times with argon, then formic acid (15 pL, 0.40 mmol, 2.0 equiv) and Et;N
(28 uL, 0.20 mmol, 1.0 equiv) were added into the reaction mixture. The mixture was allowed to stir for a further 4h
at 100 °C and then cooled to ambient temperature. After that, the reaction mixture was quenched by 1 M NaOH (10
mL) and extracted with EtOAc (20 mL x 3). The combined organic layers were washed with brine, dried over
anhydrous Na;SQs, filtered, and concentrated in vacuo. Purification of the crude product by flash column
chromatography using PE/EA = 7:1 as the eluent afforded the desired product 13 as a colorless oil (a mixture
containing two diastereomeric pairs in a ratio of 1:1, 42.2 mg, 0.14 mmol, 71%). "H NMR (600 MHz, CDCl;3) 3 7.56
—7.46 (m, 4H), 7.41 — 7.31 (m, 4H), 7.29 — 7.23 (m, 1H), 5.72 — 5.51 (m, 1H), 3.99 — 3.83 (m, 1.5H), 3.54 — 3.46
(m, 0.5H), 3.38 — 3.27 (m, 0.5H), 3.17 (td, J= 14.4, 9.6 Hz, 0.5H), 2.37 — 2.27 (m, 1.5H), 2.25 — 2.13 (m, 1H), 2.08
—2.00 (m, 0.5H), 1.56 — 1.45 (m, 1H), 1.18 — 1.37 (m, 3H). 3C NMR (150 MHz, CDCl;) 6 175.7 , 175.3 , 141.7 ,
141.6 , 140.5 , 140.4 , 136.5 (d, /= 19.9 Hz), 136.4 (d, /= 19.4 Hz), 128.9 , 127.6 , 127.3 ,127.3 , 127.1 , 127.1 ,
126.1 (d, J=7.0 Hz), 1259 (d, /= 7.1 Hz), 94.1 (d, /= 173.9 Hz), 90.9 (d, /= 176.2 Hz), 54.9 ,54.3 , 46.3 (d, J =
26.8 Hz), 46.1 (d, J=22.7 Hz), 30.1, 30.0 , 27.09 , 27.07, 19.9, 19.5. YF NMR (565 MHz, CDCl3) & -181.0 (ddd, J
=46.2, 26.6, 17.9 Hz), -181.8 (ddd, J = 50.7, 38.1, 13.7 Hz). IR vmax (film): 1718, 1666, 1546, 1472, 1286, 1183,
1112, 1094, 985, 763 cm™'. HRMS (ESI) m/z calcd for C19H20FNONa [M+Na]": 320.1421; found: 320.1419.

F F
H 2-chloropyridin
B p chloropy e
1) aminoflourination N\n/Bu (1.3 equiv) MeO

2) Et3N (3.0 equiv) o Tf,0 (1.1 equiv) ~N

OMe PivClI (2.0 equiv) DCM, -78 °C, 2 h H
DCM,0°C,2h OMe Bu

14-1 14

Hydroxylamine reagent 4-NO,-BzONH3OTf V (249 mg, 0.75 mmol, 2.5 equiv) was added to a plastic centrifuge
tube charged with 3-methoxystyrene (42 pL, 0.30 mmol, 1.0 equiv), FePc (17.0 mg, 0.03 mmol, 0.1 equiv), EtsN-3HF
(196 pL, 1.2 mmol, 4.0 equiv), and anhydrous CH>Cl, (2.0 mL). The mixture was stirred in air at 30 °C (oil bath)

for 30 min. Upon completion, the reaction was quenched with EtsN (0.5 mL) at 0 °C. The reaction mixture was
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washed through a short column chromatography (EtOAc) to afford the crude -fluoroamine as yellow oil.

The B-fluoroamine was charged into a 10 mL RB flask containing DCM (2.0 mL) and Et;N (125 pL, 0.90 mmol,
3.0 equiv). Pivaloyl chloride (74 pL, 0.60 mmol, 2.0 equiv) was added slowly at 0 °C, and the reaction was stirred
for 2 h. After that, the reaction was quenched by 1M HCI (10 mL) and extracted with EtOAc (10 mL x 3). The
combined organic layers were washed with brine, dried over anhydrous Na>SOg, filtered, and concentrated in vacuo.
Purification of the crude product by flash column chromatography using PE/EA = 9:1 as the eluent afforded the
desired product 14-1 as white solid (47.9 mg, 0.19 mmol, 63% over two steps). 'H NMR (600 MHz, CDCl;3) § 7.3
(t, J=7.8 Hz, 1H), 7.0 — 6.8 (m, 3H), 6.1 (s, 1H), 5.5 (dd, J = 48.6, 7.8 Hz, 1H), 3.9 — 3.8 (m, 1H), 3.8 (s, 3H), 3.5
—3.3 (m, 1H), 1.2 (s, 9H). ¥C NMR (150 MHz, CDCl5)  178.8, 159.9, 139.0 (d, /= 19.7 Hz), 129.8, 117.7 (d, J =
7.2 Hz), 114.4,110.9 (d, J= 7.9 Hz), 92.9 (d, J = 172.6 Hz), 55.4, 45.2 (d, J = 23.7 Hz), 38.8, 27.6.’F NMR (565
MHz, CDCls) 6 -184.2 (ddd, J = 48.6, 31.8, 17.9 Hz). IR vmax (film): 2853, 1775, 1516, 1459, 1377, 1178, 1119,
1035, 834 cm!. cm'. HRMS (ESI) m/z caled for C14H2:FNO, [M+H]*: 254.1551; found: 254.1546.

To a solution of product 14-1 (50.7 mg, 0.20 mmol, 1.0 equiv) in dry DCM (0.5 mL) was added 2-chloropyridine
(24 pL, 0.26 mmol, 1.3 equiv) dropwise at -78 °C and stirred for 10 min. Then T£,0 (37 puL, 0.22 mmol, 1.1 equiv)
was added slowly, and the mixture was stirred at the same temperature for 5 min. The resulting mixture was allowed
slowly warm up to room temperature and stirred for 2 h. Once completion, the mixture was treated with 1 M NaOH
(3.0 mL) and extracted with DCM (10 mL X 3). The combined organic layers were washed with brine (10 mL), dried
over Na;SO4 and concentrated in vacuo. Purification of the crude product by flash column chromatography using
PE/EA = 20:1 as the eluent afforded the desired product 14 as a colorless oil (37.2 mg, 0.16 mmol, 79%). 'H NMR
(600 MHz, CDCl3) 6 7.85 (d, J= 8.4 Hz, 1H), 7.04 — 6.90 (m, 2H), 5.36 (dt,J=51.0, 4.8 Hz, 1H), 4.25 (td, /= 16.2,
5.4 Hz, 1H), 3.87 (s, 3H), 3.68 (ddd, J=37.2, 16.8, 4.2 Hz, 1H), 1.40 (s, 9H). '3C NMR (150 MHz, CDCl3) § 171.9,
160.6, 137.0 (d, J=16.5 Hz), 129.2, 120.2, 114.6 (d, /= 3.4 Hz), 112.7 (d, J= 5.9 Hz), 86.0 (d, J = 173.7 Hz), 55.6,
51.9 (d,J=22.3 Hz), 39.8, 30.2. Y’F NMR (565 MHz, CDCl3) § -177.5 (ddd, J=51.7, 37.2, 15.3 Hz). IR Vpax (film):
1666, 1592, 1382, 1351, 1285, 1224, 1110, 1097, 764, 712 cm™. HRMS (ESI) m/z calcd for C14H19FNO [M+H]":
236.1445; found: 236.1449 .

F . A
NH picolinic acid (1.1 equiv) F NZ Pd(OAc), (0.2 equiv)
2 EDCI (1.1 equiv) H A | PhI(OAc), (2.5 equiv) Ph N
HOBt (1.1 equiv) toluene, 100 °C, 24 h N o
Ph Ph o =

DIPEA (3.0 equiv)
DCM, 1t, 12 h W

2a 151 15

A 10-mL flask fitted with a stirring bar was charged with a solution of 2a (43.1 mg, 0.20 mmol, 1.0 equiv), N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDCI, 42.2 mg, 0.22 mmol, 1.1 equiv), I-
hydroxybenzotriazole (HOBt, 29.7 mg, 0.22 mmol, 1.1 equiv) and N, N-diisopropylethylamine (DIPEA, 105 pL,
0.60 mmol, 3.0 equiv) in dichloromethane (2.0 mL). Picolinic acid (21 pL, 0.22 mmol, 1.1 equiv) was then added at
0 °C, and the reaction mixture was stirred overnight at room temperature for 12 h. The resulting mixture was diluted

with DCM (20 mL), and washed successively by 1 M HCI, saturated aqueous NaHCO3, and brine. The organic layer
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was dried over anhydrous Na,;SO4 and evaporated in vacuo. Purification of the crude product by flash column
chromatography using PE/EA = 2:1 as the eluent afforded the desired substrate 15-1 as a colorless oil (53.2 mg, 0.17
mmol, 83%). 'H NMR (600 MHz, CDCls) & 8.58 (d, /= 4.8 Hz, 1H), 8.49 (t, J = 6.0 Hz, 1H), 8.21 (d, J = 7.8 Hz,
1H), 7.86 (td, J="7.8, 1.8 Hz, 1H), 7.63 (d, J=7.8 Hz, 2H), 7.61 — 7.57 (m, 2H), 7.49 (d, J= 7.8 Hz, 2H), 7.45 (dd,
J=18.4,72Hz, 3H), 7.36 (t, /= 7.2 Hz, 1H), 5.71 (ddd, J = 48.6, 8.4, 3.0 Hz, 1H), 4.15 (dddd, J=31.8, 14.4, 7.8,
3.0 Hz, 1H), 3.73 (dddd, J = 16.8, 14.4, 9.0, 4.8 Hz, 1H). '*C NMR (150 MHz, CDCl3) 5 164.6, 149.6, 148.2, 141.8,
140.5, 137.4, 136.3 (d, J = 19.8 Hz), 128.8, 127.6, 127.4, 127.2, 126.4, 126.1 (d, /= 6.2 Hz), 122.3, 929 (d, J =
172.8 Hz), 45.2 (d, J=24.7 Hz). ’F NMR (565 MHz, CDCl5) & -182.5 (ddd, J=48.3, 32.2, 16.6 Hz). IR Vyax (film):
2928, 1739, 1598, 1455, 1345, 1291, 1246, 1163, 1157, 1118, 868, 814 cm’!. HRMS (ESI) m/z calcd for C20HisFN,O
[M+H]*: 321.1398; found: 321.1394.

To a Schlenk tube equipped with magnetic stir bar were added Pd(OAc), (9.0 mg, 0.04 mmol, 0.2 equiv) and
PhI(OAc), (161 mg, 0.50 mmol, 2.5 equiv). After that, 15-1 (64.1 mg, 0.20 mmol, 1.0 equiv) in toluene (2.0 mL)
was added into the mixture. The mixture was degass three times with argon and then stirred at 100 °C for 24 h. After
cooling to room temperature, the reaction mixture was direct purified by flash column chromatography (PE/EA =
3:1 as eluent) to afford B-fluoroamine 15 as a colorless oil (32.2 mg, 0.11 mmol, 54%). "TH NMR (600 MHz, CDCls)
5 8.83 (s, IH), 8.71 (d, J= 4.8 Hz, 1H), 8.07 (d, /= 7.8 Hz, 1H), 8.02 (d, /= 3.6 Hz, 1H), 7.88 (t, /= 7.8 Hz, 1H),
7.71 (d,J=17.2 Hz, 2H), 7.62 (d, J= 7.8 Hz, 1H), 7.57 (dd, /= 7.8, 1.8 Hz, 1H), 7.50 — 7.42 (m, 3H), 7.34 (t, /= 7.2
Hz, 1H), 6.63 (d, J= 3.6 Hz, 1H). 3C NMR (150 MHz, CDCl3) & 165.8, 152.4, 148.6, 141.8, 138.5, 137.5, 137.2,
130.0, 129.1, 128.8, 127.6, 127.1, 126.2, 125.9, 123.8, 121.0, 115.7, 108.9. IR vmax (film): 1593, 1538, 1381, 1354,
1253, 1104, 1006, 999, 866, 776 cm™'. HRMS (ESI) m/z calcd for C20H;sN,O [M+H]*: 299.1179; found: 299.1173.

S | AN cl
FePc (0.1 eq) NJLN N/
Et;N-3HF (4.0 eq) F (:;l H F
XN [4-NO,BZONH,'[OTH (2.5 eq) NH, 16 (1.0 eq) H Ny
DCM, 30 °C, 30 min, air DMF. 110 °C. 12 h \[S]/ | P
Cl
1b 2b 17

Hydroxylamine reagent 4-NO>-BzONH;OTf (V) (249 mg, 0.75 mmol, 2.5 equiv) was added to a plastic centrifuge
tube charged with 1b (23 pL, 0.30 mmol, 1.0 equiv), FePc (17.0 mg, 0.03 mmol, 0.1 equiv), EtsN-3HF (196 pL, 1.2
mmol, 4.0 equiv), and anhydrous CH>Cl, (2.0 mL). The mixture was stirred in air at 30 °C (oil bath) for 30 min.
Upon completion, the reaction was quenched with EtzN (0.5 mL) at 0 °C. The reaction mixture was washed through
a short column chromatography (EtOAc) to afford the crude B-fluoroamine 2b.

A 10-mL flask fitted with a stirring bar was charged with crude p-fluoroamine 2b, 16 (71.6 mg, 0.30 mmol, 1.0
equiv), and DMF (2.0 mL). The mixture was then stirred at 110 °C for 12 h. After which time, the reaction was
quenched by addition of water (10 mL) and extracted with EtOAc (15 mL X 3). The combined organic layers were
washed with brine (10 mL), dried over Na,SO4 and concentrated in vacuo. Purification of the crude product by flash

column chromatography using PE/EA = 4:1 as the eluent afforded the desired product 17 as a white solid (61.3 mg,
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0.20 mmol, 66% over two steps). 'TH NMR (600 MHz, CDCl5) 8 11.69 (t, J= 5.4 Hz, 1H), 9.30 (s, 1H), 8.11 (d, J =
2.4 Hz, 1H), 7.61 (dd, J= 8.4, 2.4 Hz, 1H), 7.48 — 7.40 (m, 4H), 7.40 — 7.36 (m, 1H), 6.88 (d, /= 9.0 Hz, 1H), 5.84
(ddd, J=48.6, 8.4, 3.0 Hz, 1H), 4.48 (dddd, /= 31.8, 14.4, 6.6, 3.0 Hz, 1H), 3.93 (dddd, /= 18.6, 14.4, 8.4, 4.2 Hz,
1H). 3C NMR (150 MHz, CDCl;) & 180.3, 151.4, 144.6, 138.9, 137.2 (d, J= 18.9 Hz), 129.0, 128.8, 125.7, 125.6
(d,J=7.1Hz), 113.2,92.2 (d,J=174.1 Hz), 51.4 (d, J=23.1 Hz). ’F NMR (565 MHz, CDCl;)  -181.5 — -186.4
(m). IR vmax (film): 1678, 1616, 1416, 1350, 1277, 1185, 1039, 962, 846, 765 cm™!. HRMS (ESI) m/z calcd for
Ci14sH14CIFN;S [M+H]*: 310.0576; found: 310.0573.

FePc (0.1 eq) NN N/
EtsN-3HF (4.0 eq) - (:;l H F
N [4-NO,-BZONH,]'[OTH (2.5 eq) NH, 16' (1.0 eq) H N Ny
DCM, 30 °C, 30 min, air DME 110 °C. 12h \[s]/ | P
Br
1b 2b 18

Product 18 was prepared following above method for the synthesis of compound 17, except that 16' (84.9 mg, 0.30
mmol, 1.0 equiv) was used to replace 16. Purification using column chromatography (PE/EA = 4:1) afforded 18 as a
yellow oil (71.2 mg, 0.20 mmol, 67% over two steps). "H NMR (600 MHz, CDCls3) 8 11.69 (t, /= 5.4 Hz, 1H), 9.34
(s, 1H), 8.20 (d, J=2.4 Hz, 1H), 7.73 (dd, J=9.0, 2.4 Hz, 1H), 7.55 — 7.40 (m, 4H), 7.40 — 7.35 (m, 1H), 6.84 (d, J
=9.0 Hz, 1H), 5.84 (ddd, J = 48.6, 8.4, 3.0 Hz, 1H), 4.48 (dddd, /= 31.8, 14.4, 6.6, 3.0 Hz, 1H), 3.92 (dddd, J =
18.6,14.4,8.4,4.2 Hz, 1H). BC NMR (150 MHz, CDCl5) § 180.2, 151.8, 146.8, 141.5, 137.3 (d, /= 18.9 Hz), 129.0,
128.8,125.6 (d,J=7.1 Hz), 113.7,113.3,92.2 (d, /= 173.8 Hz), 51.4 (d, J=23.4 Hz). F NMR (565 MHz, CDCl;)
5 183.8 —-184.0 (m). IR vmax (film): 1700, 1685, 1532, 1467, 1254, 1197, 1128, 1085, 975, 842 cm’!. HRMS (ESI)
m/z caled for C14H14BrFN3S [M+H]*: 354.0070; found: 354.0076.
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The procedure and characteristic data for the synthesis of LY503430

Me Me
HOBT (1.2 equiv), MeNH3ClI (1.2 equiv)

O o EDCI (1.2 equiv), EtzN (2.5 equiv) O o
O DMF, rt, 12 h O
HOLC 87% MeHN

4'-acetyl-biphenyl-4-carboxylic acid 19
commercially available

\

PhsP*Me Br (1.5 equiv)
KOBu (1.5 equiv) 70%
THF, 0°Ctort,12h

Me F Me

NH, FePc (0.1 equiv), EtsN+3HF (4.0 equiv)
[4-NO,-BzONH3]*[OTf] (2.5 equiv)
MeHN O DCM, 0 °C, 30 min, air MeHN O

68%

o 0 20
21

Prs0,Cl (2.5 equiv)
Et3N (10 equiv) 73%
THF/toluene (1:1)

0°C,15h
Me F H o
N_ /7
()
Me Me
MeHN
o LY503430

The commercially available acid (481 mg, 2.0 mmol, 1.0 equiv) was dissolved in DMF (20 mL). HOBt (324 mg,
2.4 mmol, 1.2 equiv), EDCI (460 mg, 2.4 mmol, 1.2 equiv), MeNH;Cl (162 mg, 2.4 mmol, 1.2 equiv), and EtsN
(695 uL, 5.0 mmol, 2.5 equiv) were added. After 12 h at room temperature, a saturated solution of NH4Cl (15 mL)
was added. The mixture was extracted with CH2Cl, (30 mL X 3). The combined organic layers were washed with
brine, dried over MgSQsa, filtered and concentrated under reduced pressure. Purification of the residue by flash
chromatography on silica gel (PE/EA = 1:1 as eluent) afforded compound 19 (440 mg, 1.7 mmol, 87%) as a white
solid. "TH NMR (600 MHz, CDCls) 6 8.05 (d, J= 8.4 Hz, 2H), 7.87 (d, J= 8.4 Hz, 2H), 7.72 — 7.67 (m, 4H), 6.26 (d,
J=4.8 Hz, 1H), 3.05 (d, J = 4.8 Hz, 3H), 2.65 (s, 3H). 13C NMR (150 MHz, CDCl3) § 197.8, 167.8, 144.7, 142.9,
136.5,134.3,129.1, 127.7, 127.6, 127.5, 27.0, 26.8. IR vmax (film): 3316, 3034, 2876, 1740, 1716, 1643, 1490, 1248,
1160, 1040, 967, 830, 765 cm™'. HRMS (ESI) m/z caled for C16HisNO;Na [M+Na]*: 276.0995; found: 276.0999.

To a suspension of methyltriphenylphosphonium bromide (932 mg, 2.6 mmol, 1.5 equiv) in THF (17 mL) was
added KOBu (293 mg, 2.6 mmol, 1.5 equiv) at 0 °C. After 1 h, compound 19 (440 mg, 1.7 mmol, 1.0 equiv) was
added to the mixture at 0 °C. The mixture was allowed to slowly warm up to ambient temperature and stirred for 12

h. The reaction was quenched with a saturated aqueous solution of NaHCOs. The layers were separated and the
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aqueous phase was extracted with EtOAc (30 mL x 3). The combined organic phases were dried over anhydrous
Na>SO4 and the solvents were removed under reduced pressure. Purification of the crude product by flash column
chromatography (PE/EA = 2:1 as eluent) afforded the desired alkene compound 20 as a white solid (306 mg, 1.22
mmol, 70%). 'TH NMR (600 MHz, CDCl3) § 7.83 (d, J= 7.8 Hz, 2H), 7.65 (d, J = 7.8 Hz, 2H), 7.60 — 7.53 (m, 4H),
6.23 (s, 1H), 5.44 (s, 1H), 5.14 (s, 1H), 3.04 (d, J= 4.8 Hz, 3H), 2.19 (s, 3H). ¥*C NMR (150 MHz, CDCls) § 168.1,
143.8, 142.8, 141.0, 139.1, 133.4, 127.5, 127.2, 127.1, 126.2, 113.0, 27.0, 21.9. IR vmax (film): 3311, 3053, 2917,
1719, 1643, 1555, 1426, 1321, 1168, 1112, 964, 831, 726 cm™'. HRMS (ESI) m/z calcd for Ci7H;7NONa [M+Na]":
274.1202; found: 274.1207.

Hydroxylamine reagent 4-NO,-BzONH3OTf (V) (249 mg, 0.75 mmol, 2.5 equiv) was added to a plastic centrifuge
tube charged with alkene compound 20 (75.3 mg, 0.30 mmol, 1.0 equiv), FePc (17.0 mg, 0.03 mmol, 0.1 equiv),
EtsN-3HF (196 pL, 1.2 mmol, 4.0 equiv), and anhydrous CH>Cl, (2.0 mL). The mixture was stirred under air at
30 °C (oil bath) for 30 min. Upon completion, the reaction was quenched with Et;N (0.5 mL) at 0 °C. The mixture
was direct purified by flash column chromatography (PE/EA/Et;:N = 50:100:1) to afford B-fluoroamine 21 as a white
solid (58.4 mg, 0.20 mmol, 68%). 'H NMR (600 MHz, CDCl3)  7.84 (d, J = 8.4 Hz, 2H), 7.66 — 7.59 (m, 4H), 7.42
(d, J=8.4 Hz, 2H), 6.39 (d, /= 5.4 Hz, 1H), 3.09 (s, 1H), 3.06 (d, /J=4.2 Hz, 1H), 3.04 (d, /= 5.4 Hz, 3H), 1.68 (d,
J =222 Hz, 3H). '3C NMR (150 MHz, CDCls)  168.0, 143.6, 142.6 (d, J = 22.3 Hz), 139.3, 133.6, 127.6, 127.3,
127.2,125.2 (d,J=9.7Hz),98.2 (d, J= 172.8 Hz), 52.3 (d, /= 24.8 Hz), 27.0, 25.1 (d, /= 24.8 Hz). 'F NMR (565
MHz, CDCl;) & -156.4 —-157.9 (m). IR vimax (film): 3335, 3056, 2949, 2924, 2844, 1716, 1643, 1547, 1402, 1289,
1160, 864, 754, 693 cm. HRMS (ESI) m/z caled for C17H9FN2ONa [M+Na]": 309.1374; found: 309.1379.

To a solution of 21 (143 mg, 0.50 mmol, 1.0 equiv) in mixed toluene (2.5 mL) and THF (2.5 mL) were added
EtsN (695 pL, 5.0 mmol, 10 equiv) and ‘PrSO>CI (140 pL, 1.3 mmol, 2.5 equiv). After 1.5 h at 0 °C, the reaction
was quenched with 1 M HCI and the mixture was extracted with CH>Cl, (10 mL % 3). The combined organic phases
dried over anhydrous Na;SO4 and evaporated in vacuo. Purification of the crude product by flash column
chromatography (PE/EA = 1:2 as eluent) afforded the desired product LY503430 (107 mg, 0.37 mmol, 73%) as a
white solid. "TH NMR (600 MHz, CDCls) 8 7.85 (d, J = 8.4 Hz, 2H), 7.67 — 7.60 (m, 4H), 7.43 (d, J = 8.4 Hz, 2H),
6.34 — 6.22 (m, 1H), 4.38 (t, /= 6.0 Hz, 1H), 3.66 — 3.52 (m, 2H), 3.09 — 3.01 (m, 4H), 1.76 (d, J = 22.8 Hz, 3H),
1.31 (d, J= 6.6 Hz, 3H), 1.28 (d, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCls) § 168.0, 143.3, 141.3 (d, J=21.8
Hz), 140.0, 133.7, 127.6, 127.5, 127.3, 125.0 (d, /= 9.4 Hz), 97.0 (d, J= 175.5 Hz), 54.1, 52.7 (d, /= 23.6 Hz), 27.0,
24.9 (d, J=24.3 Hz), 16.7, 16.6. ’F NMR (565 MHz, CDCl3) § -153.7 — -154.0 (m). IR vmax (film): 3532, 3311,
3053, 2917, 2841, 1643, 1555, 1426, 1321, 1168, 1112, 908, 846, 726 cm'. HRMS (ESI) m/z calcd for
C20H25FN203NaS [M+Na]*: 415.1462; found: 415.1462.
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Part 6: Procedure and characteristic data for control experiments

Radical trapping experiment:

F

X the general procedure A NH,
+ [4-NO,-BzONH,]* [OTH -
Ph TEMPO
Ph

(3.0 equiv)
1a \ 2a, 0%

When 2,2,6,6-tetramethylpiperidinooxy (TMPEO, 141 mg, 0.90 mmol, 3.0 equiv) was added into the reaction of
1a and V following the general procedure A, the aminofluorination of alkene was completely suppressed and the

desired product 2a was not detected.

Radical clock experiment:

F

Pz the general procedure B A
+ [4-NO,-BzONH3]* [OTH] > NHBoc

22 \' 23", 65%

When cyclopropylvinyl compound 22 (43.3 mg, 0.30 mmol, 1.0 equiv) was treated with hydroxylamine reagent
V following the general procedure B, compound 23' was obtained by column chromatography (PE/EA = 20:1) as a
yellow oil (54.5 mg, 0.20 mmol, 65%, E:Z > 20:1). '"H NMR (600 MHz, CDCl3) & 7.40 — 7.34 (m, 2H), 7.35 - 7.29
(m, 3H), 5.63 — 5.53 (m, 2H), 5.50 — 5.36 (m, 1H), 4.55 (s, 1H), 3.73 — 3.64 (m, 2H), 2.75 — 2.50 (m, 1H), 2.75 —
2.50 (m, 1H), 1.4 (s, 9H). 3C NMR (150 MHz, CDCl3) § 155.8, 139.8 (d, J = 19.8 Hz), 130.6, 128.6, 128.5 (d, J =
2.0 Hz), 126.6 (d, J= 5.1 Hz), 125.7 (d, J = 6.8 Hz), 93.9 (d, J = 172.9 Hz), 79.4, 42.4, 40.1 (d, J = 24.3 Hz), 28.5.
'F NMR (565 MHz, CDCl3) 6 -172.2 —-175.8 (m). IR vmax (film): 3119, 3023, 2867, 1901, 1742, 1679, 1357, 1219,
1164, 978, 745 cm™t, HRMS (ESI) m/z calcd for C16H22FNO2Na [M+Na]*: 302.1527; found: 302.1525.
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Competing reactions:

V (1.2 equiv)
FePc (0.2 equiv)

F F
Et;N3HF (8.0 equiv)
/©/\ ' ©/\ DCM, 30 °C, 30 min NH, + NH;
cl -
Cl

11 (1.0 equiv) 1b (1.0 equiv) 2m (0%) 2b (42%)

V (1.2 equiv)
FePc (0.2 equiv)

) F F
Et3N-3HF (8.0 equiv)
©/\ + /©/\ DCM, 30 °C, 30 min NH, " NH,
Bu )
Bu
1b (1.0 equiv) 1g (1.0 equiv) 2b (0%) 29 (54%)
V (1.2 equiv)

FePc (0.2 equiv)

: F F
Et;N3HF (8.0 equiv)
/@A . /©/\ DCM, 30 °C, 30 min NH, . NH,
Me' Bu
Me Bu

1b (1.0 equiv) 19 (1.0 equiv) 2b (27%) 29 (32%)

Hydroxylamine reagent 4-NO»-BzONH3OTf (V) (59.7 mg, 0.18 mmol, 1.2 equiv) was added to a plastic centrifuge
tube charged with alkene 1 (0.15 mmol, 1.0 equiv), alkene 2 (0.15 mmol, 1.0 equiv), FePc (17.0 mg, 0.03 mmol,
0.2 equiv), EtsN-3HF (196 uL, 1.2 mmol, 8.0 equiv), and anhydrous CH>Cl, (2.0 mL). The mixture was stirred under
air at 30 °C (oil bath) for 30 min. Upon completion, direct purification by flash column chromatography (PE/EA =

20:1 as eluent) afforded above results.

Trapping the aziridinium intermediate:
FG

X the general procedure B NHBoc
+  [4-NO,-BzONHa]'[OT >
Ph MeOH (5.0 equiv)
Ph

FG =F, 2a', 35%
FG = OMe, 24', 37%

1a v

MeOH (61 pL, 1.5 mmol, 5.0 equiv) was added into the reaction of 1a (54.1 mg, 0.30 mmol, 1.0 equiv) and 4-
NO>-BzONH;0Tf (V) (249 mg, 0.75 mmol, 2.5 equiv) following the general procedure B. Purification using column
chromatography (PE/EA = 15:1) afforded 2a' (33.1 mg, 0.11 mmol, 35%) and 24' as a yellow oil (36.3 mg, 0.11
mmol, 37%). 11': *H NMR (600 MHz, CDCls) 6 7.51 (d, J = 7.8 Hz, 4H), 7.36 (t, J = 7.8 Hz, 2H), 7.30 (d, J = 7.8
Hz, 2H), 7.26 (t, J = 7.8 Hz, 1H), 4.91 (s, 1H), 4.28 — 4.15 (m, 1H), 3.46 — 3.34 (m, 1H), 3.22 (s, 3H), 3.15 (ddd, J =
13.8, 8.4, 4.2 Hz, 1H), 1.37 (s, 9H). *C NMR (150 MHz, CDCl3) 6 156.0, 141.1, 140.9, 138.4, 128.9, 127.5, 127.4,
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127.3,127.2,82.6,79.4,57.1,47.0, 28.6. IR vmax (film): 3349, 3214, 3011, 2867, 1722, 1667, 1512, 1421, 1164, 978,
867 cmt. HRMS (ESI) m/z calcd for C2oH2sNO3Na [M+Na]*: 350.1727; found: 350.1725.

Direct detection of aziridinium intermediate:

+

N
X the general procedure A
+ [4-NO»-BzONH,] [OTH] >
Ph
Ph

1a \' 9

H,

caled. for M*: 196.1121
found for M*: 196.1119

The aziridium ion 9 could be detected by ESI-MS analysis when the aminofluorination reaction was preformed

after 3 min.
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 1.5 Bar
Focus Active Set Dry Heater 180 °C
Scan Begin 50 miz Set Capillary 4500 V Set Dry Gas 8.0 l/min
Scan End 1500 m/z Set End Plate Offset -500 v Set Divert Valve Waste
Intens. +MS, 0.4min #23|
X102
1.04
196:1119
+
NH,
I /©/<J
] Ph
9
0.6
328.1028
044
362.2109
0.24
436.2638
1 J 274.2755
506.1817
0.0 IL L L " v 1V H ’ [ l. .L :
100 200 300 400 500 600 miz
Meas. m/z # lon Formula m/z err[ppm] mSigma #Sigma Score rdb e Conf N-Rule
196.1119 1 C14H14N 196.1121 0.7 52.5 1 100.00 85 even ok

Supplementary Fig. 9. Characterization of 9 by mass spectrometry
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The procedure for deprotection of Boc group:

F TFA (5.0 equiv) F
/©)\/NHBOC DCM,0°C, 1h /@/K/NHz
Ph Ph
2a’ 2a

To a solution of 2a' (63.1 mg, 0.20 mmol, 1.0 equiv) in DCM (1.0 mL) was added TFA (77 pL, 1.0 mmol, 5.0
equiv) at 0 °C, and the mixture was stirred for 1 h. The reaction was diluted with DCM (2.0 mL) and quenched with
Et;N (0.5 mL). The mixture was direct purified by flash column chromatography (DCM/MeOH = 20:1 as eluent) to
afford B-fluoroamine 2a as a yellow oil (38.3 mg, 0.18 mmol, 89%).

The procedure and characteristic data for the synthesis of KP23

o)
Cl NH O—/_\Me Me
FePc (0.1 eq)
Et;N3HF (4.0 eq) F o) \ / OMe (1.5eq) H 0
©/\ [4-NO,-BzONH,]*[OTI (2.5 eq) NH, . Oos__N OMe
S > > H
DCM, 30 °C, 30 min, air TEA (3.0 eq), DCM, 30 °C, 30 min Ph)\/N N |
o]
1b 2b KP23

Hydroxylamine reagent 4-NO,-BzONH3;OTf (V) (249 mg, 0.75 mmol, 2.5 equiv) was added to a plastic centrifuge
tube charged with 1b (23 pL, 0.30 mmol, 1.0 equiv), FePc (17.0 mg, 0.03 mmol, 0.1 equiv), EtsN-3HF (196 pL, 1.2
mmol, 4.0 equiv), and anhydrous CH>Cl, (2.0 mL). The mixture was stirred in air at 30 °C (oil bath) for 30 min.
Upon completion, the reaction was quenched with EtsN (0.5 mL) at 0 °C. The reaction mixture was washed through
a short column chromatography (EtOAc) to afford the crude B-fluoroamine 2b.

The crude B-fluoroamine 2b was charged into a 10 mL RB flask containing DCM (1.0 mL) and EtN (125 pL,
0.90 mmol, 3.0 equiv). Acyl chloride (139 mg, 0.45 mmol, 1.5 equiv in 1.0 mL DCM) was added slowly at 0 °C, and
the reaction was stirred at 30 °C for 30 min. After that, the reaction was quenched by 1 M HCI (10 mL) and extracted
with EtOAc (15 mL x 3). The combined organic layers were washed with brine, dried over anhydrous Na>SOs,
filtered, and concentrated in vacuo. Purification of the crude product by flash column chromatography using PE/EA
= 3:1 as the eluent afforded the desired product KP23 as a white solid (81.7 mg, 0.20 mmol, 66% over two steps).53°
TH NMR (600 MHz, CDCI3) & 10.00 (t, J= 6.0 Hz, 1H), 9.26 (s, 1H), 8.85 (s, 1H), 7.47 — 7.33 (m, 6H), 6.93 (d, J =
9.0 Hz, 1H), 5.69 (ddd, J=48.0, 8.4, 3.6 Hz, 1H), 4.15 (td, J = 6.6, 1.8 Hz, 2H), 4.07 (dddd, J = 30.6, 14.4, 6.6, 3.6
Hz, 1H), 3.97 (s, 3H), 3.81 — 3.66 (m, 1H), 1.87 — 1.70 (m, 2H), 1.57 — 1.46 (m, 2H), 0.99 (t, J= 7.2 Hz, 3H). 13C
NMR (150 MHz, CDCl3) 6 164.1, 162.2, 154.5, 145.1, 137.8 (d, /= 19.8 Hz), 133.7, 132.5, 128.8, 128.6, 125.7 (d,
J=7.0Hz), 125.4,119.4,109.2,92.8 (d, J= 173.8 Hz), 73.6, 56.4, 45.5 (d, J= 24.6 Hz), 32.3, 19.2, 13.9. YF NMR
(565 MHz, CDCl3) 6 -180.6 — -185.2 (m). HRMS (ESI) m/z calcd for C23H26FN2O4 [M+H]*: 413.1871; found:
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413.1876. IR vmax (film): 2401, 1629, 1597, 1496, 1389, 1352, 1240, 1112, 1027, 771 cm’™.

Supplementary Table 2. A comparative NMR study of compound KP23.

TH NMR 'H NMR BCNMR | BC NMR YF NMR F NMR
LiteratureS3° synthesized literature | synthesized | literature synthesized
10.00 (t, J= 6 Hz, 1H) 10.00 (t, J=6.0 Hz, 1H) | 164.0 164.1 183.1 (dt, J | -180.6—-185.2
~47.6,30.8, | (m)
14.0 H).
9.17 (s, 1H) 9.26 (s, 1H) 162.0 162.2
8.88 (s, 1H) 8.85 (s, 1H) 1545 1545
7.49—7.28 (m, 6H) 7.47—7.33 (m, 6H) 145.1 145.1
6.95 (4, J=9.0 Hz, 1H) | 6.93 (d,J=9.0 Hz, [H) | 137.8 137.8 (d,J =
5.70 (dm, Jur) = 48 Hz, | 5.69 (ddd, J=48.0, 8.4, | 137.6 19.8 Hz)
1H) 3.6 Hz, 1H)
419—4.14 (m, 3H) 415 (td, J= 6.6, |.8 Hz, | 133.6 133.7
2H)
4.07 (dddd, J = 30.6, | 132.4 132.5
144, 6.6, 3.6 Hz, 1H)
3.99 (s, 3H) 3.97 (s, 3H) 1287 1288
3.85-3.65 (m, 1H) 3.81—3.66 (m, 1H) 1284 1286
1.84 —1.76 (m, 2H) 1.87— 1.70 (m, 2H) 125.64 1257(d,J=
1.57 - 1.50 (m, 2H), 1.57— 1.46 (m, 2H) 125.58 7.0 Hz)
1.02(t, J=7.2 Hz, 3H). | 0.99 (t, /= 7.2 Hz, 3H) | 1254 1254
119.4 119.4
109.1 109.2
9271 (d,= | 928 (d, J =
172.5Hz) | 173.8 Hz)
73.6 73.6
56.3 56.4
45.40 (d,J | 455 (d, J =
=24.0Hz) | 24.6 Hz)
32.3 323
19.2 19.2
13.8 13.9
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Part 7: Radiochemistry

Radioisotope production and preparation

Anhydrous TMAF is highly hygroscopic, and any moisture incorporation results in significantly diminishes
fluoride nucleophilicity. However, TMAF and other quaternary ammonium fluoride salts are known to form adducts
with methanol, ethanol, isopropanol, tert-butanol, and tert-amyl alcohol that are highly moisture resistant and
excellent fluoride-ion sources.5*! In this study, ['*F]TMAF was azeotropically dried with a 1:1 mixture of CH3CN

and hexafluoroisopropanol (HFIP) to give the proposed ['*F]TMAF-HFIP adduct as a fluoride-ion transfer reagent.

A Scanditronix MC17 cyclotron was used for ['®F]fluoride production via the '"*O(p,n)'®F nuclear reaction by
irradiating '80-enriched water. ['8F]fluoride was delivered to a lead-shielded hot cell in '30-enriched water by
nitrogen gas pressure. It was then prepared for radiofluorination by passing the target water through a Waters Sep-
Pak Accell Plus QMA Plus Light Cartridge (130 mg) that had been preconditioned with 5 mL EtOH, 5 mL TMACI
@aq) (90 mg/mL), and 10 mL H>O, and subsequently flushed with air. The captured ['*F]fluoride was eluted with a
solution of TMACI (~7.5 mg) in 1 mL of 1:1 CH3;CN/HFIP to afford ['8F]TMAF-HFIP, which was dried on an
automated radiosynthesis platform in two steps: first, the solution was evaporated to dryness by heating under
vacuum at 85 °C for 5 min. Next, 1 mL of 1:1 CH3CN/HFIP was added to the reaction vial, and the vessel was placed
under vacuum and heated to 85 °C for 5 min, followed by 115 °C for 5 min. Alternatively, ['®F]Fluoride could be
eluted with TMAOTS (~7.5 mg) in 1 mL of 1:1 CH3CN/HFIP and dried as previously described to afford
['*F]TMAF-HFIP.

Anhydrous ['®F]TBAF was prepared by passing ['8F]fluoride in ['*O]H-O target water through a Waters PS HCO3~
anion exchange cartridge which had been preconditioned using 5 mL EtOH, 5 mL KOTf(.q) (90 mg/mL), and 10 mL
H>O0, and eluted using TBAOTf (~9 mg) in 1 mL MeOH. The wet, methanolic ['*F]TBAF was then azeotropically
dried on an automated radiosynthesis platform in two steps: first, the solution was evaporated to dryness by heating
under vacuum at 85 °C for 5 min. Next, 1 mL of anhydrous CH3CN was added to the reaction vial, and the vessel
was placed under vacuum and heated to 85 °C for 5 min, followed by 115 °C for another 5 min to afford anhydrous

['SF]TBAF.

Anhydrous ['®F]AgF was prepared by capturing ['*F]fluoride from ['*0O]H,O target water on a Waters PS HCO3~
anion exchange cartridge preconditioned using 5 mL EtOH, 5 mL KOTfq) (90 mg/mL), and 10 mL of H>O. The
['®F]fluoride was eluted with AgOTf (~8 mg) dissolved in 1 mL of CH3CN/H,0 (9:1), followed by drying with 1 mL

of anhydrous CH3CN as previously described.

Analysis of radiofluorination reactions

Radioactivity was quantified using a Capintec Radioisotope Calibrator (CRC-712M) ion chamber. Radio-TLC

analysis was employed to determine radiochemical identity, purity, and yield. After the reaction, crude mixtures were
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spotted onto alumina TLC plates and developed with mixtures of hexanes:ethyl acetate or toluene:ethyl acetate in a
glass TLC chamber. Product identification was confirmed by comparing the retention factors (Rf) of radio-TLC spots
with those of the fluorinated standards under identical TLC conditions. Radiochemical conversion (RCC) was
calculated by integrating the area under the curve for the radio-TLC product peak and dividing by the total counts
on the TLC plate after subtracting background signal from a region which had no activity. Decay-corrected
radiochemical yield (RCY) for ['®F]2a and ['F]KP23 was calculated as the product of release efficiency,

$32 and decay-corrected to end

resolubilization efficiency, RCC, and isolation efficiency, as described by Herth et al.,
of beam. Due to the limitations of performing manual radiosynthesis, trapping efficiency could not be measured due
to potential high radioactivity exposure, and was thus omitted from the calculation. Starting activity was defined as
the radioactivity measured in the reactor after the addition of DCM/HFIP (8:1) containing dissolved ['*F]TMAF-HFIP.
End-of-reaction activity was defined as the activity measured after EtsN/DCM evaporation and CH3CN redissolution,
before filtration (vide infra). For analytic radio-HPLC, either a Synergi Fusion column (250 x 4.6 mm, 5 pum) or
Phenomenex Prodigy column (250 x 4.6 mm, 10 um) were used. The mobile phase comprised varying ratios of
CH3CN and 0.1% aqueous formic acid or ammonium formate (50mM) at a flow rate of 1-2 mL/min, with injection
volumes between 20-80 uL. The HPLC systems consisted of a Waters 1515 Isocratic HPLC Pump equipped with a
Waters 2487 Dual A Absorbance Detector, and a Bioscan Flow-Count equipped with a Nal crystal, controlled via
Breeze software, and a Prominence LC-20AT HPLC Pump equipped with a Prominence SPD-20A Absorbance
detector, a Bicron frisk-tech radiation detector, and eDAQ Powerchrom software. For isolation and analysis of
['8F]2a and ['8F]KP23, analytic radio-HPLC was carried out using an Advion-Avant Interchim Scientific HPLC and
UHPLC equipped with a Luna C(18)2 column (250 x 4.6 mm, 10 um), A-2041 UV-DAD (2 Hz, 200 — 400 nm), A-
2045/A-2046 UV-Vis DAD (20 Hz, 200 — 800 nm) and Carroll & Ramsey Associates (Model 105-S) analogue
gamma detector. In certain cases, unprotected and Boc-protected aminofluorination products showed retention on
the column and required ethanol washing for elution. Analytical HPLC chromatograms are provided for products

that were successfully eluted under standard conditions, strictly for product identification purposes.

Manual *°F-aminofluorination reaction screening - replacement of EtsN-3HF.

Before carrying out radiochemical reactions, various cold reaction conditions were screened to determine an
optimal combination of reagents as a replacement for EtsN-3HF. The screening of cold aminofluorination reactions

was performed using 1a as the model substrate on a 0.10 mmol scale, as outlined below:

The fluoride source (0.5 equiv) and Et3N (0.2 equiv) were dissolved in the reaction solvent (1 mL) and added to a
mixture of alkene (1.0 equiv), FePc (0.1 equiv), additives, and hydroxylamine reagent V (2.5 equiv). The mixture
was stirred under air at 30 °C (oil bath) for 30 min. Upon completion, the reaction was quenched with EtzN (0.3 mL),

followed by the addition of Boc,O (10 equiv). The mixture was then stirred for an additional 10 min.
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Supplementary Table 3. Aminofluorination reaction optimization using nucleophilic fluoride sources.

F

[Fe] (0.1 equiv), additive NH
X + [4-NO,-BzONH,] [OTH" + F > 2
solvent, 30 °C, 30 min, air
Ph Ph

1a (1.0 equiv) V (2.5 equiv) (0.5 equiv) 2a
Entry [Fe] Fluoride Additive (equiv) Solvent Yield of 2a®
source
1 FePc KF EtN (0.2) DCM 0%
2 FePc AgF Et;N (0.2) DCM Trace
3 FePc TMAF EtN (0.2) DCM 10%
4 FePc TBAF EtN (0.2) DCM 6%
5 FePc TMAF None DCM 0%
6 FePc TMAF N-methyl-benzamide (0.2) DCM 0%
7 FePc TMAF N, N-dimethyl-benzamide (0.2) DCM 0%
8 FePc TMAF Et:N (0.2) + HOT(0.2) DCM 0%
9 FePc TMAF Et:N (0.2) + TFA (0.2) DCM 0%
10 FePc TMAF Et:N (0.2) + TsOH (0.2) DCM 0%
11 FePc TMAF Et:N (0.2) + EtNH-HCI (0.2) DCM 16%
12 FePc TMAF Et:N (0.2) + EtNH-HCI (0.2) CH3CN Trace
13 FePc TMAF Et:N (0.2) + Et,NH-HCI (0.2) a,0,0-trifluorotoluene 0%
14 FePc TMAF Et:N (0.2) + EtNH-HCI (0.2) dioxane 0%
15 FePc TMAF Et;N (0.2) + Et,NH-HCI (0.2) THF 0%
16 FePc TMAF Et:N (0.2) + Etz2NH-HCI (0.2) DCM/CH;CN (8:1) Trace
17 FePc TMAF Et:N (0.2) + Et;NH-HCI1 (0.2) DCM/THF (8:1) Trace
18 FePc TMAF Et;N (0.2) + Et,NH-HCI (0.2) DCM/dioxane (8:1) Trace
19 FePc TMAF Et:N (0.2) + EGNH-HCI (0.2) DCM/HFIP (8:1) 25%
20 FeSO4-7H,0 TMAF EtsN (0.2) + EtzNH-HCI (0.2) DCM/HFIP (8:1) 0%
21 Fe(OTf), TMAF EtsN (0.2) + EzNH-HCI (0.2) DCM/HFIP (8:1) 0%
FeSO47H20 +
22 1,10- TMAF EtsN (0.2) + Etu;NH-HCI (0.2) DCM/HFIP (8:1) 0%

phenanthroline

2Yields of isolated products after Boc protection.

Screening results are summarized in Supplementary Table 3. Initial attempts to replace EtsN-3HF focused on
the use of EtsN and several nucleophilic fluoride sources without the addition of an external proton source. The
reaction of 1a in DCM solvent under the general conditions described above with EtsN and KF showed no formation
of 2a, whereas the use of AgF as the fluoride source showed trace product formation. This indicated that more
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nucleophilic fluoride-ion sources were required for the reaction. Using quaternary ammonium salts, TBAF and
TMAF afforded 2a in 6% and 10% yield, respectively. Notably, the reaction with TMAF in the absence of Et;:N
yielded no product, confirming that a nitrogen-based reductant is required for the reaction to proceed. Replacement
of EtsN with N-methyl-benzamide or N, N-dimethyl benzamide gave no product. Furthermore, the addition of proton
sources such as HOTf, TFA, or TsOH proved detrimental, completely suppressing the formation of 2a. The addition
of Et,NH-HCI improved the yield of 2a to 16%. Using a fixed combination of Et;N, Et,NH-HCI, and TMAF, we
investigated the influence of solvent and iron sources. Reactions carried out in CH3CN and in 8:1 mixtures of
DCM/CH3CN, DCM/THF, and DCM/dioxane resulted in only trace amounts of 2a, consistent with the observation
that O- and N-coordinating solvents suppress product formation in reactions with Et;N-3HF. Reactions in neat a,a.,0-
trifluorotoluene, dioxane, and THF showed no detectable 2a, where o,0,0-trifluorotoluene was explored as a “green”
alternative to DCM. Notably, the use of an 8:1 mixture of DCM/HFIP improved the yield of 2a to 25%. This is
attributed to the ability of HFIP to act as a labile proton source. Finally, the use of alternative iron sources was

examined but showed no desired product formation.

Manual ®F-aminoradiofluorination reaction optimization.

Four reactions were carried out simultaneously during the manual radiosyntheses process. Optimization of the

aminoradiofluorination reaction was performed using 1a as the model substrate under the following conditions:

Et;N as an additive: The substrate (0.025-0.05 mmol), FePc (0.1 equiv), and hydroxylamine reagent V (2.5 equiv)

were combined in air in a screw-cap borosilicate vial outfitted with a Teflon cap, a vent needle, and a stir bar. The
['®8F]fluoride source was prepared as previously described and manually dissolved in 1.6 mL of solvent containing
0.8 equivalents of EtsN. Approximately 0.4 mL of the DCM:HFIP solution containing ['®F]fluoride (ca. 3-10 mCi)
and EtsN (0.2 equiv) was then syringed into each of the four reaction vessels. Following this addition, the activity in
each reaction vial was measured, and the mixture were heated to 30 °C for 30 min with stirring. Subsequently, Boc,O

(0.13 mL) and Et3N (0.2 mL) were added, and the reaction was stirred for an additional 10 min.

A combination of EtsN and EtzNH-HCI as the additive: The substrate (0.025-0.05 mmol), FePc (0.1 equiv),

hydroxylamine reagent V (2.5 equiv), and EbtNH-HCI (0.1-1.0 equiv) were combined in air in a screw-cap vial
outfitted with a Teflon cap, a vent needle, and a stir bar. The ['8F]fluoride source was prepared as previously described
and manually dissolved in 1.6 mL of solvent containing 0.8 equivalents of EtsN. Approximately 0.4 mL of the solvent
solution containing the ['8F]fluoride source (ca. 3-10 mCi) and Et;N (0.2 equiv) was then syringed into each of the
four reaction vessels. Following solvent addition, the radioactivity in the reaction vial was measured. The reaction
mixture was heated to 30 °C for 30 min with stirring. Subsequently, Boc2O (0.13 mL) and EtzN (0.2 mL) were added,

and the reaction was stirred for an additional 10 min.

The radioactivity in the reaction vial was measured after Boc-protection. To facilitate future application in

automated radiotracer production, the reaction mixture must be soluble in aqueous media to enable injection onto a
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reverse-phase semi-preparative radio-HPLC column. Therefore, DCM and excess EtsN were removed by placing the
reaction vessels under a continuous flow of nitrogen at 40 °C for 45 min. Afterward, the residues were resolubilized
in 1 mL of anhydrous CH3CN, and the activity of each solution was recorded. Radio-TLC and/or radio-HPLC were
used to characterize the CH3CN solutions. The samples were filtered through either a Waters Silica Plus or Alumina
Plus Sep-Pak to neutralize excess Et3N and were subsequently eluted with 4 mL of anhydrous CH3CN. The filtered
solutions demonstrated improved stability against moisture. The activities of the filtered solutions were recorded
after filtration, and radio-TLC confirmed the presence of unreacted ['®F]TMAF, the desired 'SF-labeled B-
fluoroamine products, and a minor '®F-labeled side-product. Filtration proved to be an effective method for
processing samples for purification and analysis by HPLC. Alternatively, approximately 0.2-0.5 mL of ethanol could
be added to the CH3CN solutions instead of filtering for radio-TLC analysis. A control reaction was carried out in

the absence of alkene substrate which showed only the formation of the side-product.

Supplementary Table 4. Optimization of manual radiochemical reactions.

Entry élllll(;&e) Fluoride source Additive (equiv) Solvent RCC?
1 0.05 ["F]AgF Et:N (0.2) DCM/HFIP (8:1, 0.4 mL) N.D.
2 0.05 ['*F]TBAF Et:N (0.2) DCM/HFIP (8:1, 0.4 mL) N.D.
3 0.05 [¥F]TBAF Et:N (0.2) CH3CN (0.4 mL) N.D.
4 0.05 ['*F]ITMAF-HFIP Et:N (0.2) DCM/HFIP (8:1, 0.4 mL) 3%®
5 0.05 ['*F]TMAF-HFIP Et:NH-HCI (1.0) DCM/HFIP (8:1, 0.4 mL) 10%
6 0.05 ['F] TMAF-HFIP Et:N (0.2) + EtoNH-HCI (0.5) DCM/HFIP (8:1, 0.4 mL) 16%
7 0.05 ['*F]TMAF-HFIP Et:N (0.2) + Et;NH-HCI (0.25) DCM/HFIP (8:1, 0.4 mL) 15%
8 0.05 ['8F] TMAF-HFIP Et:N (0.2) + EtoNH-HCI (0.1) DCM/HFIP (8:1, 0.4 mL) 13%
9 0.025 [**FITMAF-HFIP EtsN (0.2) + EtuNH-HCI (0.5) DCM/HFIP (8:1, 0.3 mL) 14%
10 0.025 [**FITMAF-HFIP EtsN (0.2) + EtuNH-HCI (0.5) DCM/HFIP (8:1, 0.4 mL) 16%
11 0.025 [**FITMAF-HFIP EtsN (0.2) + Et,NH-HCI (0.5) DCM/HFIP (8:1, 0.5 mL) 13%

aRadiochemical conversion was determined using radio-TLC. ® Radiochemical conversion was determined by radio-

HPLC.

A summary of the optimization results is provided in Supplementary Table 4. Using Et;N (0.2 equiv) as the
reductant, no product was observed when ['F]AgF or ['®F]TBAF was employed as the fluoride source, whereas the
use of ['*FITMAF-HFIP showed the formation of ['F]2a' by analytic radio-HPLC (3% RCC). Using a combination
of EtsN and Et;NH-HCI (0.1-1.0 equiv) significantly improved the RCCs, yielding ['®F]2a' in 10-16% RCCs.
Reactions at both 0.05 mmol and 0.025 mmol scales afforded comparable conversions. Accurately weighing 0.1

equiv of EoNH-HCI at 0.025 mmol scale proved challenging due to the tacky crystalline nature of the compound,
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leading to the use of 0.25-0.5 equiv instead. Altering the reaction volume from 0.3-0.5 mL did not significantly affect
the RCC, but 0.4 mL was selected as the optimal volume as it provided superior solubility and ease of mixing

compared to 0.3 mL.
General Optimized Procedure for Manual Aminoradiofluorination.

Up to four reactions were carried out simultaneously during manual radiosyntheses. In a typical reaction, the
substrate (0.025-0.05 mmol, 1 equiv) was combined in air with FePc (0.1 equiv), hydroxylamine reagent V (2.5
equiv), and EbNH-HCI (0.5 equiv) in a screw-cap vial outfitted with a Teflon cap, a vent needle, and a stir bar. The
['®F]fluoride source was prepared as previously described and manually dissolved in 1.6 mL of 8:1 DCM/HFIP
containing EtzN (0.8 equiv). Approximately 0.4 mL of the DCM/HFIP solution containing ['®F]fluoride (ca. 3-10
mCi) and EtsN (0.2 equiv) was then syringed into each of the four reaction vessels. After measuring the initial activity,
the samples were heated to 30 °C for 30 min with stirring. Subsequently, Boc2O (10 equiv) and Et;N (0.2 mL) were
added, and the mixture was stirred for an additional 10 min. Alternatively in the case of ['"8F]KP23, Et;N (0.2 mL)
and then DCM (0.3 mL) containing an acyl chloride coupling partner (1.5 equiv) were added and the mixture was
stirred for an additional 10 min. The activity was measured post-coupling, and the samples were placed under a
continuous flow of nitrogen at 40 °C for 45 min to evaporate DCM and excess Et3;N. The resulting solid mixtures
were dissolved in 1 mL anhydrous CH3CN, followed by a measurement of the activity, and the products were
characterized by radio-TLC and/or analytic radio-HPLC. Finally, the solutions were filtered through a Waters Silica
Plus or Alumina Plus Sep-Pak using 4 mL anhydrous CH3CN as the eluent. The activity was measured again, and

the Boc-protected products were characterized once more using radio-TLC and/or analytic radio-HPLC.
Radiosynthesis and Isolation of [*®F]2a" for RCY and Am Determination.

Biphenyl substrate 1a (0.025 mmol) was combined in air with FePc (0.1 equiv), hydroxylamine reagent V (2.5
equiv), and Et;NH-HCI (0.5 equiv) in a screw-cap vial outfitted with a Teflon cap, a vent needle, and a stir bar. The
['®8F]fluoride source was prepared as previously described and manually dissolved in 0.6 mL of 8:1 DCM/HFIP
containing EtsN (0.8 equiv). Approximately 0.4 mL of the DCM/HFIP solution containing ['®F]fluoride (ca. 30 mCi)
and EtzN (0.2 equiv) was then syringed into a vial containing the substrate. The DCM/HFIP/['®F]fluoride/Et;N/
substrate mixture was then syringed the reaction vessel. After measuring the initial activity, the sample was heated
to 40 °C for 30 min with stirring. Subsequently, Boc2O (10 equiv) and Et;N (0.2 mL) were added, and the mixture
was stirred for an additional 10 min at 30 °C. The activity was measured pre-coupling, and the samples were placed
under a continuous flow of nitrogen at 30 °C for 10 min to evaporate DCM and excess Et;N. After drying, 1 mL of
hexane was added to extract the product from the crude and syringed into a separate vial before being dried under a
flow of nitrogen for 5 min to evaporate the hexane. The product was diluted with 1 mL of CH3CN, and the 20 puL
(ca. 54 puCi) of the mixture was injected into an analytical HPLC column and manually purified (Luna C(18)2, 250
x 4.6 mm, 10 pm) using a gradient (Solvent A: 100 mM ammonium formate; Solvent B: CH3CN, 5-90% Solvent B
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over 5 min at a flow rate of 1 mL/min). The retention time for ['8F]2a' was 8.57 min (UV peak) and 8.69 min (radio
peak). The product peak was manually collected and the activity in the vial was measured. RCY and A, were
determined through reverse-phase HPLC. Radiochemical identity was confirmed via a co-injection of an authentic

standard with the aliquot.
Radiosynthesis and Isolation of [*®F]KP23 for RCY and Am Determination

['®F]KP23 was synthesized following the same method as ['®F]2a'. The styrene (1b) was fluoroaminated followed

by coupling with acyl chloride. The product was similarly confirmed and isolated by HPLC.

Aminoradiofluorination Substrate Scope.

Calculation of Retention Factor (Rf): Rf is calculated as the distance traveled by the labeled compound or authentic
standard divided by the distance traveled by the solvent front, measured from the origin. The origin is indicated by
the horizontal line drawn across the bottom of the TLC plate where the sample was spotted. The solvent front is
indicated by the second horizontal line drawn at the top of the TLC plate. On radio-TLC the x-axis begins at 0 mm,
which corresponds to the bottom of the TLC plate, not the origin. Rf values for radio-TLC are therefore calculated

as follows:

(distance of gamma peak from bottom of TLC plate — distance of origin from bottom of TLC plate)

Rfradio-TLC =
(distance of solvent front from bottom of TLC plate — distance of origin from bottom of TLC plate)

Note: Product gamma peaks are indicated with a black circle overlay on crude reaction TLCs.
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Aminoradiofluorination Substrate Scope.

Calculation of Retention Factor (Rf): Rf is calculated as the distance traveled by the labeled compound or authentic

standard divided by the distance traveled by the solvent front, measured from the origin. The origin is indicated by

the horizontal line drawn across the bottom of the TLC plate where the sample was spotted. The solvent front is

indicated by the second horizontal line drawn at the top of the TLC plate. On radio-TLC the x-axis begins at 0 mm,

which corresponds to the bottom of the TLC plate, not the origin. Rf values for radio-TLC are therefore calculated

as follows:

(distance of gamma peak from bottom of TLC plate — distance of origin from bottom of TLC plate)

Rfradio-TLC =

(distance of solvent front from bottom of TLC plate — distance of origin from bottom of TLC plate)

Note: Product gamma peaks are indicated with a black circle overlay on crude reaction TLCs.

['®F]2a’ Radio-TLC Spectrum
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Supplementary Fig. 10. Radio-TLC spectrum of ['8F]2a' (1:5 EtOAc:Hexanes).
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['®F]2b' Radio-TLC Spectrum
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Supplementary Fig. 11. Radio-TLC spectrum of ['8F]2b' (1:12 EtOAc:Hexanes).
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Supplementary Fig. 12. Radio-TLC spectrum of ['®F]2d' (1:8 EtOAc:Hexanes).
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['®F]2e’ Radio-TLC Spectrum
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Supplementary Fig. 13. Radio-TLC spectrum of [®F]2e' (1:8 EtOAc:Hexanes).
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Supplementary Fig. 14. Radio-TLC spectrum of ['®F]2i' (1:8 EtOAc:Hexanes).

S57



250000

200000

150000

Counts

100000

50000

o

['8F]2m’ Radio-TLC Spectrum

e =————
0 20 40 60

Paosition (mm)

Standard Crude Reaction

—

Rf(standard) = (3.4 - 0.9)/(6.4 - 0.9) = 0.45
Rf([lsF]Zm' in crude) = (3.6 - 0.4)/(7.4 - 0.4) = 0.46

Supplementary Fig. 15. Radio-TLC spectrum of ['®F]2m' (1:8 EtOAc:Hexanes).
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Supplementary Fig. 16. Radio-TLC spectrum of ['8F]2s' (1:8 EtOAc:Hexanes).
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['®F]2v' Radio-TLC Spectrum
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Supplementary Fig. 17. Radio-TLC spectrum of ['*F]2v' (1:8 EtOAc:Hexanes).
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Supplementary Fig. 18. Radio-TLC spectrum of ['*F]2x' (1:12 EtOAc:Toluene).
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Crude Reaction Standard
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Supplementary Fig. 19. Radio-TLC spectrum of ['®F]2z' (3:4 EtOAc:Hexanes).
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Supplementary Fig. 20. Radio-TLC spectrum of ['®F]2ai' (1:12 EtOAc:Toluene).
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['8F]2ar' Radio-TLC Spectrum .
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Supplementary Fig. 21. Radio-TLC spectrum of ['8F]2ar' (1:6 EtOAc:Toluene).
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Supplementary Fig. 22. Radio-TLC spectrum of ['®F]2as' (1:12 EtOAc:Toluene).
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Supplementary Fig. 23. Radio-TLC spectrum of ['*F]KP23 (1:12 EtOAc:Toluene).
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Supplementary Fig. 24. HPLC calibration curve for authentic reference 2a’.
Supplementary Table 5. Molar activity of ['8F]2a’ (n = 3).
Measurement  Activity Injected (MBq, d.c.) Peak Area Activity Collected Am (GBg/nmol)
(mAu*s) (MBq, d. c.)
1 38.79 1.10 x 10* 6.60 46.9
2 29.14 9.20 x 10° 1.56 13.3
3 19.51 4.20 x 10° 3.345 66.2

Average Am =42 + 27 GBg/nmol
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Analytical Radio-HPLC Chromatograms for 2a'
Standard

UV 254.0 nm
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Supplementary Fig. 25. Analytical radio-HPLC chromatograms of ['8F]2a'. The chromatograms were recorded
using a Advion-Avant Interchim Scientific HPLC and UHPLC equipped with a Luna C(18)2 column (250 x 4.6 mm,
10 um), A-2041 UV-DAD (2 Hz, 200 — 400 nm), A-2045/A-2046 UV-Vis DAD (20 Hz, 200 — 800 nm) and Carroll
& Ramsey Associates (Model 105-S) analogue gamma detector. Mobile phase: gradient (5:95 (5 mins) then 95:5 (15

mins) CH3CN: 0.1 M ammonium formate(q), lmL/min flow, 30-50 uL injection).
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['®F]2d" Analytic Radio-HPLC Chromatograms

Standard

VWD 1A Wavelength=250 nm

&5+ 2
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<<

20004
1500+

uv
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!
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Supplementary Fig. 26. Analytical radio-HPLC spectra of ['8F]2d'. A Synergi Fusion column (250 x 4.6 mm, 5 pum,
Mobile phase, 40:60 CH3CN:0.1% Formic Acid(g), 2mL/min flow, 20-80 pL injection) was used with a Waters 1515
Isocratic HPLC Pump equipped with a Waters 2487 Dual A Absorbance Detector, a Bioscan Flow-Count equipped
with a Nal crystal, and Breeze software.
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['®F]2e" Analytic Radio-HPLC Chromatograms
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Supplementary Fig. 27. Analytical radio-HPLC spectra of ['8F]2e'. A Synergi Fusion column (250 x 4.6 mm, 5 um,
Mobile phase, 40:60 CH3CN:0.1% Formic Acid(g), 2mL/min flow, 20-80 pL injection) was used with a Waters 1515

Isocratic HPLC Pump equipped with a Waters 2487 Dual A Absorbance Detector, a Bioscan Flow-Count equipped
with a Nal crystal, and Breeze software.
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['®F]2ai* Analytic Radio-HPLC Chromatograms
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250

uv % 2004
1504
1004

504

o

! I NHBoc
rt = 8.9 min

v

\:’

UIB1B UIB1B,Analog In_1

55 & 65

Time [min]

7

Crude Reaction Mixture

95 10 105 11 115 12

Gamma > |
E 6004

4004 /

10004 %
|
800 | T

2600

length=250 nm

T —
55 6 65 T

75 8
Time [min|

9.5

24004
22004
20004
18004
16004
14004
% 2004
10004
800
6004
4004
200
04

uv

—q¢1.362
1.446

To42.195

43.307

i
1
|

("b 197

. /Q"J 356

I

— T T T T
05 1 15 2 25

UIB1B UIB1B,Analog In_1

335 4 45

Standard Co-injection

T— T T T T T T T T
5 55 6 65 7 75 8 85 9 95

Time [min]

1000

S 800
Gamma £ 5004

v

400

l€3.173

VWD1A Wavelength=250 nm

T T
65 7

75 B
Time [min]

T T
P.5 10

3000
2750
2500
2250
2000
517504
EI 500+
1250+
1000+
750
500+
250
04

1.379
‘\ 463
) 228

“,J

'%3?’:

. [

.51'152253

35 4 45 5 55 6 65 7

76 8 B85 9 95 10
Time [min]

Supplementary Fig. 28. Analytical radio-HPLC spectra of ['®F]2ai'. Synergi Fusion column (250 x 4.6 mm, 5 pm,

Mobile phase, 40:60 CH3CN:0.1% Formic Acidg), 2 mL/min flow, 20-80 uL injection) was used with a Waters 1515

Isocratic HPLC Pump equipped with a Waters 2487 Dual A Absorbance Detector, a Bioscan Flow-Count equipped

with a Nal crystal, and Breeze software.
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1.0
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uv 0.61
0.49
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['8F]2x" Analytic Radio-HPLC Chromatograms
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F
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rt =10.9 min
Gamma . \
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Crude Reaction Mixture

WMWA

uv

\‘-\/\_‘_,\_/

Gamma

min

Standard Co-injection

Supplementary Fig. 29. Analytical radio-HPLC spectra of ['®F]2x'. A Phenomenex Prodigy column (250 x 4.6 mm,

10 um, Mobile phase, 54:46 CH3CN:0.1% Formic Acidg), 1.35 mL/min flow, 20-80 pL injection) was used with a

Prominence LC-20AT HPLC Pump equipped with a Prominence SPD-20A Absorbance detector, a Bicron frisk-tech

radiation detector, and eDAQ Powerchrom software.
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['8F]2z' Analytic Radio-HPLC Chromatograms

Standard
F i
NHBoc ||
AcO —
rt= 6.0 min ‘
| __,//—\‘“d-n_\,_j\——f\___/\_ o / \ﬂ\_
‘ Crude Reaction Mixture
’\
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7/
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n -
i \
uv \ | A
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1

\/ J\/’J. /
VUL W

uv

]

min

Supplementary Fig. 30. Analytical radio-HPLC spectra of ['8F]2z'. A Phenomenex Prodigy column (250 x 4.6 mm,
10 um, Mobile phase, 54:46 CH3CN:0.1% Formic Acidg), 1.35 mL/min flow, 20-80 pL injection) was used with a

Prominence LC-20AT HPLC Pump equipped with a Prominence SPD-20A Absorbance detector, a Bicron frisk-tech
radiation detector, and eDAQ Powerchrom software.
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Supplementary Fig. 31. HPLC calibration curve for authentic reference KP23.
Supplementary Table 6. Molar activity of ['8F]KP23 (n = 1).
Measurement  Activity Injected (MBq, d.c.) Peak Area (mAu*s)  Activity Collected A (GBg/nmol)
(MBgq, d. c.)
1 13.36 1.45 x 103 0.15 1.68
Analytical Radio-HPLC Chromatograms for [*¥/*°F]KP23
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Isolated Compound

UV 254.0 nm
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Supplementary Fig. 32. Analytical radio-HPLC spectra of ['8F]KP23. The chromatograms were recorded using a
Advion-Avant Interchim Scientific HPLC and UHPLC equipped with a Luna C(18)2 column (250 x 4.6 mm, 10 um),
A-2041 UV-DAD (2 Hz, 200 — 400 nm), A-2045/A-2046 UV-Vis DAD (20 Hz, 200 — 800 nm) and Carroll & Ramsey
Associates (Model 105-S) analogue gamma detector. Mobile phase: gradient (5:95 (5 mins) then 25:75 (10 mins)
and 95:5 (5§ mins) CH3CN: 0.1 M ammonium formate(gq), 1mL/min flow, 30-50 pL injection).
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