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1. Materials and Methods

Commercially available chemicals, reagents, and solvents were purchased from Sigma-Aldrich,
Alfa Aesar, TCl, AmBeed, or Chemscene, and used as received. *H- (400.13 MHz), *C- (100.62
MHz), and *°F- (376.47 MHz) NMR spectra were recorded on an Avance 400 instrument (Bruker)
at RT in deuterated solvents. All spectra are reported with chemical shifts in parts per million.
NMR data are reported as follows: chemical shift (6 (ppm), multiplicity (s = singlet, d = doublet,
t = triplet, g = quartet, quint = quintet, sept = septet, dd = doublet of doublets, dt = doublet of
triplets, dg = doublet of quartets, qd = quartet of doublets, td = triplet of doublets, tt = triplet of
triplets, ddd = doublet of doublet of doublets, dtd = doublet of triplet of doublets, tdd = triplet of
doublet of doublets, m = multiplet, app = apparent), coupling constants (J in Hz), and integration.
TMS (6 = 0 ppm) was used as an internal standard for *H and **C-NMR spectroscopy. NMR data
were processed using MestReNova. HRMS data (ESI-TOF) were obtained at the Bioorganic
Chemistry Laboratory of NIDDK (NIH). Melting points were measured with a digital SMP20
(Stuart) melting point apparatus. Radiochemistry was performed in lead-shielded hot-cells for
protection of personnel from radiation. HPLC analyses were performed on Shimadzu HPLC
systems, which were equipped with UV absorbance and radioactivity detectors. Semi-preparative
HPLC purifications were performed on Knauer HPLC system, also equipped with UV absorbance
and radioactivity detectors. HPLC chromatograms were processed using GraphPad Prism 8. Flash
chromatography was performed on silica gel; eluent compositions are reported as v/v.

2. Non-radioactive Experiments

2.1. Fluoride leaching experiments
F

X
Et,NHCO; (0.5 mg)
F F
CH3CN, 120 °C, 10 min
0.01 mmol

X=F, Cl, Br, I, OTf

Precursor a-substituted fluoroalkane (0.01 mmol) and MeCN (0.5 mL) were added to a 1-mL glass
vial equipped with a magnetic stirrer bar followed by Et4sNHCOs (0.5 mg). The vial was capped
loosely and then the contents were stirred at 120 °C for 10 min. The reaction was then quenched
with water (0.2 mL). The yield of (3,3-difluoropropyl)benzene (6 —116.4 ppm) was determined by
F-NMR analysis of the crude reaction mixture with PhCF3 (6 —62.0 ppm) as internal standard.

The °*F-NMR spectra for the crude reaction mixtures are shown below.
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Supplementary Figure 1. Fluoride leaching experiment with 1 (X = F).
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Supplementary Figure 2. Fluoride leaching experiment with 2 (X = CI). ND = not detected.
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Supplementary Figure 3. Fluoride leaching experiment with 3 (X = Br). ND = not detected.
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Supplementary Figure 4. Fluoride leaching experiment with 4 (X =1). ND = not detected.
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Supplementary Figure 5. Fluoride leaching experiment with 5 (X = OTT).
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Supplementary Figure 6. Fluoride leaching experiment with 5 (X = OTf) at room temperature.
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2.2. Proposed mechanism for reaction of DBU with 1-fluorononyl triflate!

(\N HF oTf
oTf N7 YR R\/l\,: F
+
slow (?Nij fast

Supplementary Figure 7. Proposed mechanism for the reaction of DBU with 1-fluorononyl
triflate.

2.3. °F exchange experiments

Procedure:

Precursor (3-bromo-3-fluoropropyl)benzene (3, 0.05 mmol), tetramethylammonium fluoride (x
mmol) and MeCN (0.5 mL) were added to a 1-mL glass vial equipped with a magnetic stirrer bar.
The vial was capped loosely and then the contents were stirred at 120 °C for 10 min. The reaction
was then quenched with water (0.2 mL). The yields of (3,3-difluoropropyl)benzene (1, 6 —116.4
ppm) and (E/Z)-(3-fluoroallyl)benzene (1b, 6 —129.6 and —131.6 ppm) were determined based on
the amounts of tetramethylammonium fluoride by **F-NMR analysis of the crude reaction mixture
with PhCF3 (6 —62.0 ppm) as internal standard. The results and *°F-NMR spectra are shown below.

Results:

Supplementary Table 1. *°F exchange experiments examining the effect of precursor
3 to MesNF ratio on the formation of substitution product 1 and elimination product 1b.

Br F
Me,NF MeCN =
F o+ €4 F
120 °C, 10 min * WF
3 1 1b
0.05 mmol X mmol
Entry X Ratio (3 / Me4NF) Yield of 1 (%) Yield of 1b (%)
1 0.05 171 9 29
2 0.025 2/1 11 26
3 0.005 10/1 9 31
4 0 0 0
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Supplementary Figure 8. 1°F exchange experiment of 3 in the absence of MesNF.
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Supplementary Figure 10. °F exchange experiment of 3 with MesNF (0.025 mmol, 0.5 equiv.).
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Supplementary Figure 11. F exchange experiment of 3 with MesNF (0.005 mmol, 0.1 equiv.).
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2.4. Synthesis of precursors and standards

2.4.1. General procedure 1 for synthesis of a-halo-a-fluoroalkanes?

o 1) Tf,O, Lutidine, DCM oTf n-BuysNX, DCM X

R% R% - R%
: 2) Et;N<3HF ) F X =F, Cl,Br, | F

R2 R R2

Triflic anhydride (21 mmol, 2.1 equiv.) in DCM (20 mL) was added to a round-bottomed flask
containing the precursor aldehyde (10 mmol, 1 equiv.) and 2,6-lutidine (17 mmol, 1.7 equiv.) in
DCM (100 mL) at —30 °C. The solution was stirring under N2 for 1 h at —30 °C and then placed in
a refrigerator for 2 days. Then, EtsaN+3HF (10 mmol, 1 equiv.) in DCM (20 mL) was added
dropwise to the mixture of bis-triflate at —30 °C. The mixture was allowed to reach RT and stirred
overnight. The reaction was slowly quenched by adding sat aq. NaHCO3 (50 mL) at 0 °C and the
organic layer was washed with 1 M ag. HCI (50 mL) and sat. ag. NaHCO3 (50 mL). The organic
phase was dried (MgSOs), filtered, and concentrated. The product 1-fluoroalky! triflate was used
for the next step without purification.

n-BusNX (4.0 mmol, 2.0 equiv., X = F, Cl, Br, or I) in DCM (2.0 mL) was added to a
closed reaction vessel containing 1-fluoroalkyl triflate (2.0 mmol, 1.0 equiv.) in DCM (2.0 mL)
and stirred under argon for 2 h at RT. 1 M ag. HCI (5 mL) was then added. The lower layer was
washed with sat. agq. NaHCOs, dried (MgSOs) and concentrated in vacuo. Silica gel

chromatography on the residue gave the final product.

2.4.2. General procedure 2 for the synthesis of difluoromethyl compounds

DAST
R! R!
A, A

R2 DCM R2
-78°Cto RT, 3h

Diethylaminosulfur trifluoride (DAST; 4.0 mmol, 0.53 mL, 2 equiv.) was added to a solution of
the aldehyde (2.0 mmol, 1.0 equiv.) in anhydrous DCM (5.0 mL) at —78 °C. The mixture was
stirred at —78 °C for 30 min and then at RT for 2 h. Then, the mixture was poured onto sat. ag
Na>COs solution. The layers were separated, and the aqueous layer was extracted three times with
DCM. The combined organic phases were dried (MgSQOa), filtered, and evaporated. Flash
chromatography of the crude mixture gave the pure difluoromethyl compound.
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2.4.3. General procedure 3 for the synthesis of non-activated alkenes

K,COj4
RXH + Ts07 M X Rigx™>
X=0orN DMF
50°C, 12 h

The substrate (RXH; 5.0 mmol, 1 equiv.) was added to K.COz3 (1.38 g, 10 mmol, 2.0 equiv.), DMF
(30 mL), and but-3-en-1-yl 4-methylbenzenesulfonate (1.36 g, 6.0 mmol, 1.2 equiv.) in a dried
round-bottomed flask equipped with a stirrer bar. The reaction mixture was stirred for 12 h at 50
°C and then water (50 mL) and DCM (50 mL) were added. The organic phase was washed with
brine, dried (Mg2S0a), and concentrated in vacuo. Silica gel chromatography of the residue gave

the title compound.

2.4.4. General procedure 4 for the synthesis of a-bromo-a-fluoroalkanes®

[Ir[dF(CF3)ppyl2(dtbbpy)]PFg

Br
R\F + HCFBr, R

KHCOg3, THF F
blue LED, 18 h

[Ir[dF(CF3)ppy]2(dtbbpy)]PFs (4.5 mg, 0.004 mmol) and KHCO3 (160 mg, 1.6 mmol) were loaded
into a 20-mL glass vial equipped with a magnetic stirrer bar, The vial was sealed and then
evacuated and refilled with nitrogen for three times. Anhydrous THF (2.0 mL), alkene (0.4 mmol,
1.0 equiv), and CHFBr2 (160 uL, 2.0 mmol) were added to the vial, which was then placed 5 cm
away from a blue LED (450 nm). The mixture was then stirred under nitrogen while irradiated by
blue LED for 18 h. The reaction mixture was then poured into water and extracted with EtOAc.
The combined organic phase was separated, washed with brine, dried (Mg2SOs4), and concentrated

under vacuum. Silica gel flash column chromatography of the residue gave the title compound.

2.4.5. General procedure 5 for the synthesis of difluoromethyl compounds*

PhI(OAC),

F
RN + HCF,COOH RW

THF F
blue LED, 50 °C, 14 h

Difluoroacetic acid (113 uL,, 1.80 mmol, 6.0 equiv) was added to a 20-mL glass vial equipped with
a magnetic stirrer bar and containing a suspension of (diacetoxyiodo)benzene (290 mg, 0.90 mmol,
3.0 equiv) and alkene (0.30 mmol) in THF (4.5 mL). The vial was stirred while irradiated with a
blue LED lamp at 50 °C for 6 h after which a second portion of (diacetoxyiodo)benzene (290 mg,
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1.80 mmol, 3.0 equiv) was added. The solution was stirred under blue LED irradiation for another
8 h. The solvents were removed in vacuo. Column chromatography of the residue gave the title

compound.

2.4.6. General procedure 6 for the synthesis of difluoromethyl compounds

K,CO3
RXH + TSO/\/\/CFzH R\X/\/\/CFZH
X =0 or NH DMF
50°C,12 h

Precursor (RXH; 0.9 mmol, 3.0 equiv.), K2COs (124 mg, 0.9 mmol, 3.0 equiv.), DMF (3.0 mL)
and 5,5-difluoropentyl 4-methylbenzenesulfonate (84 mg, 0.3 mmol, 1.0 equiv.) were added under
argon to a 20-mL reaction vessel. The reaction vessel was capped loosely and stirred vigorously
at 50 °C for 12 h. The mixture was cooled to RT, poured onto water, and extracted with DCM (2
x 10 mL). The organic phase was dried (Mg.SO4) and concentrated in vacuo. Silica gel flash

chromatography of the residue gave the title compound.

2.4.7. General procedure 7 for the synthesis of difluoromethyl compounds®

F

Fe(acac)s, TRIP thiol R F
R = + HCF,COOH

DMSO (0.1 M), 24 h
390 nm LED

An oven-dried 20-mL glass vial was charged with a stirrer bar and Fe(acac)z (14 mg, 0.04 mmol,
0.1 equiv.). Anhydrous DMSO (4.0 mL, 0.1 M) was then added followed by alkene (0.4 mmol,
1.0 equiv.), TRIP thiol (2,4,6-triisopropylbenzenethiol; 19 mg, 0.08 mmol, 0.2 equiv.), and
difluoroacetic acid (192 mg, 2.0 mmol, 5.0 equiv.) under argon. The reaction mixture was stirred
and irradiated using a 390 nm LED lamp for 24 h. Then, the reaction was quenched with sat. aq.
NaHCO3 (5 mL) and extracted with EtOAc (2 x 10 mL). The organic phase was dried (Mg2SOa)

and concentrated in vacuo. Silica gel flash chromatography of the residue gave the title compound.

2.4.8. Specific syntheses
(3,3-Difluoropropyl)benzene (1). General procedure 2 with 3-phenylpropanal F

followed by flash chromatography (n-hexane) gave 1 as a colorless oil (221 ©/\)\ F

mg, 71% vyield).
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IH NMR (400 MHz, CDCls) & (ppm): 7.30 (t, J = 7.2 Hz, 2H), 7.21 (dd, J = 12.8, 7.0 Hz, 3H),
5.79 (tt, J = 56.7, 4.3 Hz, 1H), 2.90-2.58 (m, 2H), 2.41-1.95 (m, 2H); 1°F NMR (376 MHz, CDCls)
S (ppm): —117.11 (dt, J = 34.2, 16.7 Hz, 2F); 13C NMR (101 MHz, CDCls) § (ppm): 140.12, 128.86,
128.52, 126.61, 116.91 (t, J = 238.9 Hz), 35.88 (t, J = 21.0 Hz), 28.61 (t, J = 5.9 Hz). [Known

compound ©].

(3-Chloro-3-fluoropropyl)benzene (2). General procedure 1 with 3- cl
phenylpropanal followed by flash chromatography (n-hexane) gave 2 as a ©/\)\F
colorless oil (202 mg, 58% yield).

'H NMR (400 MHz, CDCls) ¢ (ppm): 7.29 (t, J = 7.4 Hz, 2H), 7.22-7.16 (m, 3H), 6.08 (dt, J =
50.8, 5.4 Hz, 1H), 2.80 (t, J = 7.5 Hz, 2H), 2.58-2.07 (m, 2H); *F NMR (376 MHz, CDCl3) §
(ppm):—122.49 to —139.50 (m, 1F); 3C NMR (101 MHz, CDCls) ¢ (ppm): 139.79, 128.90, 128.63,
126.69, 102.27 (d, J = 241.5 Hz), 40.97 (d, J = 20.2 Hz), 30.53 (d, J = 5.0 Hz). MS (EI) m/z: 172.0
[M]. HRMS (EI) m/z: for CoH10FCI [M]": calc’d: 172.0455; found: 172.0461.

(3-Bromo-3-fluoropropyl)benzene (3). General procedure 1 with 3- 5
;

phenylpropanal followed by flash chromatography (n-hexane) gave 3 as a ©/\)\F
colorless oil (264 mg, 61% yield).

'H NMR (400 MHz, CDCls) & (ppm): 7.30 (t, J = 7.2 Hz, 2H), 7.20 (dd, J = 15.1, 7.5 Hz, 3H),
6.38 (dt, J = 50.3, 5.3 Hz, 1H), 2.82 (t, J = 7.7 Hz, 2H), 2.72-2.25 (m, 2H); *°F NMR (376 MHz,
CDCls) 6 (ppm): —132.32 (ddd, J = 50.1, 20.3, 16.2 Hz, 1F); 3C NMR (101 MHz, CDCls) J (ppm):
139.59, 128.89, 128.63, 126.69, 94.91 (d, J = 252.2 Hz), 42.26 (d, J = 19.2 Hz), 31.41 (d, J = 4.4

Hz). [Known compound ?].

(3-Fluoro-3-iodopropyl)benzene (4). General procedure 1 with 3- l
phenylpropanal followed by flash chromatography (n-hexane) gave 4 as a ©/\)\ F
colorless oil (256 mg, 48% yield).

!H NMR (400 MHz, CDCls) & (ppm): 7.30 (t, J = 7.4 Hz, 2H), 7.20 (dd, J = 16.1, 7.3 Hz, 3H),
6.89-6.54 (m, 1H), 2.87—2.70 (m, 2H), 2.70-2.32 (m, 2H); **F NMR (376 MHz, CDCls) § (ppm):
—138.12 (ddd, J =50.3, 21.8, 17.0 Hz, 1F); *3C NMR (101 MHz, CDCl3) 5 (ppm): 139.46, 128.91,
128.69, 126.72, 74.47 (d, J = 253.9 Hz), 44.93 (d, J = 19.0 Hz), 32.99 (d, J = 3.8 Hz). [Known

compound 2.
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1-Fluoro-3-phenylpropyl trifluoromethanesulfonate (5). General procedure 1 oTf
with 3-phenylpropanal followed by flash chromatography (n-hexane) gave 5 as a F
colorless oil (2.15 g, 75% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 7.32 (t, J = 7.4 Hz, 2H), 7.24 (t, J = 7.6 Hz, 1H), 7.18 (d, J
= 7.3 Hz, 2H), 6.11 (dt, J = 54.3, 5.1 Hz, 1H), 2.80 (t, J = 7.9 Hz, 2H), 2.51-2.10 (m, 2H); 1°F
NMR (376 MHz, CDCl3) ¢ (ppm): —74.96 (d, J = 8.1 Hz, 3F), —113.21 to —126.81 (m, 1F); 13C
NMR (101 MHz, CDCls) § (ppm): 138.85, 129.08, 128.46, 127.03, 118.51 (g, J = 318.9 Hz),
111.99 (d, J = 245.8 Hz), 35.43 (d, J = 20.3 Hz), 28.78 (d, J = 5.3 Hz). [Known compound?].

1-(3-Bromo-3-fluoropropyl)-4-(tert-butyl)benzene (6a). General Br
procedure 1 with 3-(4-(tert-butyl)phenyl)propanal followed by flash F
chromatography (n-hexane) gave 6a as a colorless oil (187 mg, 34% yield).

'H NMR (400 MHz, CDCl3) & (ppm): 7.33 (d, J = 8.2 Hz, 2H), 7.13 (d, J =

8.1 Hz, 2H), 6.39 (dt, J = 50.3, 5.5 Hz, 1H), 2.80 (t, J = 7.7 Hz, 2H), 2.70-2.22 (m, 2H), 1.31 (s,
9H); *F NMR (376 MHz, CDCls) 6 (ppm): —132.26 (ddd, J = 50.2, 20.4, 15.6 Hz, 1F); 3C NMR
(101 MHz, CDCl3) & (ppm): 149.58, 136.48, 128.31, 125.78, 95.07 (d, J = 252.2 Hz), 42.29 (d, J
= 19.1 Hz), 34.63, 31.58, 30.87 (d, J = 4.5 Hz). MS (El) m/z: 272.0 [M]*. HRMS (EI) m/z for
C13H18FBr [M]": calc’d: 272.0576; found: 272.0571.

1-(tert-Butyl)-4-(3,3-difluoropropyl)benzene (6). General procedure 2 F
with 3-(4-(tert-butyl)phenyl)propanal followed by flash chromatography (n- F
hexane) gave 6 as a colorless oil (268 mg, 63% yield).

'H NMR (400 MHz, CDCls) § (ppm): 7.32 (d, J = 7.9 Hz, 2H), 7.12 (d, J = 7.9 Hz, 2H), 5.78 (tt,
J =56.8, 4.4 Hz, 1H), 2.97-2.52 (m, 2H), 2.41-1.95 (m, 2H), 1.31 (s, 9H); °F NMR (376 MHz,
CDCls)  (ppm): —117.01 (dt, J = 34.2, 16.6 Hz, 2F); *C NMR (101 MHz, CDCls) J (ppm): 149.48,
137.03, 128.20, 125.75, 117.01 (t, J = 238.9 Hz), 35.87 (t, J = 21.0 Hz), 34.61, 31.58, 28.06 (t, J

= 6.0 Hz). [Known compound].

1-(3-Bromo-3-fluoropropyl)-4-methoxybenzene (7a). General procedure

1 with 3-(4-methoxyphenyl)propanal followed by flash chromatography

; =
m

(ethyl acetate/n-hexane, 1: 20) gave 7a as a colorless oil (125 mg, 25% MeO
yield).
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IH NMR (400 MHz, CDCl3) § (ppm): 7.14 (d, J = 7.3 Hz, 2H), 6.87 (d, J = 7.1 Hz, 2H), 6.41 (dt,
J=50.3, 5.2 Hz, 1H), 3.81 (s, 3H), 2.80 (t, J = 7.6 Hz, 2H), 2.67-2.28 (m, 2H); 1°F NMR (376
MHz, CDCls) & (ppm): —132.31 (ddd, J = 50.4, 20.4, 16.2 Hz, 1F); 3C NMR (101 MHz, CDCls)
J (ppm): 158.43, 131.53, 129.55, 114.27, 95.01 (d, J = 252.2 Hz), 55.44, 42.49 (d, J = 19.0 Hz),
30.52 (d, J = 4.5 Hz). MS (EI) m/z: 246.0 [M]*. HRMS (EI) m/z for C1oH12FOBr [M]*: calc’d:
246.0056; found: 246.0046.

1-(3,3-Difluoropropyl)-4-methoxybenzene (7). General procedure 2 F
with 3-(4-methoxyphenyl)propanal followed by flash chromatography /@M F
(ethyl acetate/n-hexane, 1: 20) gave 7 as a colorless oil (192 mg, 52% MeO

yield).

'H NMR (400 MHz, CDCls) d (ppm): 7.14 (d, J = 7.7 Hz, 2H), 6.88 (d, J = 7.5 Hz, 2H), 5.81 (t,
J=56.7, 4.3 Hz, 1H), 3.82 (s, 3H), 2.97-2.57 (m, 2H), 2.34-1.94 (m, 2H); °F NMR (376 MHz,
CDCls) d (ppm): —117.08 (dt, J =56.3, 16.9 Hz, 2F); *C NMR (101 MHz, CDCls) § (ppm): 158.41,
132.12, 129.46, 117.01 (t, J = 238.9 Hz), 114.26, 55.43, 36.12 (t, J = 20.9 Hz), 27.75 (t, J = 6.0

Hz). [Known compound?].

1-(3-Bromo-3-fluoropropyl)-4-chlorobenzene (8a). General procedure 1 Br
with 3-(4-chlorophenyl)propanal followed by flash chromatography (n- /@M F
hexane) gave 8a as a colorless oil (200 mg, 40% vyield). cl

'H NMR (400 MHz, CDCl3) ¢ (ppm): 7.29 (d, J = 8.2 Hz, 2H), 7.14 (d, J = 8.1 Hz, 2H), 6.41 (dt,
J=50.2, 5.4 Hz, 1H), 2.82 (t, J = 7.7 Hz, 2H), 2.70-2.28 (m, 2H); 1°F NMR (376 MHz, CDCls) &
(ppm): —132.63 (ddd, J = 50.2, 20.1, 16.7 Hz, 1F); *C NMR (101 MHz, CDCls) 6 (ppm): 138.03,
132.49, 129.97, 128.99, 94.55 (d, J = 252.3 Hz), 42.04 (d, J = 19.5 Hz), 30.73 (d, J = 4.4 Hz).

[Known compound®].

Chloro-4-(3,3-difluoropropyl)benzene (8). General procedure 2 with 3- F
(4-chlorophenyl)propanal followed by flash chromatography (n-hexane) /@M F
gave 8 as a colorless oil (171 mg, 45% vyield). cl

'H NMR (400 MHz, CDCls) & (ppm): 7.27 (d, J = 7.7 Hz, 2H), 7.12 (d, J = 7.7 Hz, 2H), 5.79 (tt,
J = 56.6, 4.2 Hz, 1H), 2.99-2.56 (m, 2H), 2.40-1.85 (m, 2H); F NMR (376 MHz, CDCls) ¢
(ppm): —117.17 (dt, J = 34.2, 16.6 Hz, 2F); *C NMR (101 MHz, CDClIs) 6 (ppm): 138.56, 132.42,
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129.87,128.98, 116.66 (t, J = 239.2 Hz), 35.75 (t, J = 21.2 Hz), 27.93 (t, J = 6.1 Hz). MS (EI) m/z:
190.0 [M]*. HRMS (EI) m/z for CgHgF2Cl [M]": calc’d: 190.0361; found: 190.0352.

1-Bromo-4-(3-bromo-3-fluoropropyl)benzene (9a). General procedure 1 Br
with 3-(4-bromophenyl)propanal followed by flash chromatography (n- /@M F
hexane) gave 9a as a colorless oil (195 mg, 27% yield). Br

'H NMR (400 MHz, CDCls) 6 (ppm): 7.43 (d, J = 7.3 Hz, 2H), 7.08 (d, J = 7.6 Hz, 2H), 6.40 (dt,
J=50.2,5.3 Hz, 1H), 2.80 (t, J = 7.6 Hz, 2H), 2.64-2.18 (m, 2H); °F NMR (376 MHz, CDCl3) 6
(ppm): —132.59 (ddd, J = 36.5, 19.4, 16.6 Hz, 1F); 3C NMR (101 MHz, CDCl3) & (ppm): 138.53,
131.93, 130.35, 120.48, 94.52 (d, J = 252.4 Hz), 41.94 (d, J = 19.5 Hz), 30.78 (d, J = 4.4 Hz). MS
(El) m/z: 293.9 [M] *. HRMS (EI) m/z for CoHoFBr2 [M]*: calc’d: 293.9055; found: 293.9042.

1-Bromo-4-(3,3-difluoropropyl)benzene (9). General procedure 2 with 3- F
(4-bromophenyl)propanal followed by flash chromatography (n-hexane) /@M F
gave 9 as a colorless oil (308 mg, 66% yield). Br

!H NMR (400 MHz, CDCls) & (ppm): 7.44 (d, J = 7.3 Hz, 2H), 7.09 (d, J = 7.7 Hz, 2H), 5.82 (tt,
J =56.6, 4.1 Hz, 1H), 2.92-2.53 (m, 2H), 2.52-1.66 (m, 2H); *F NMR (376 MHz, CDCl3) 6
(ppm): —117.05 (dt, J = 56.3, 17.0 Hz, 2F); 3C NMR (101 MHz, CDCls) J (ppm): 139.08, 131.88,
130.24, 120.35, 116.64 (t, J =239.2 Hz), 35.61 (t, J = 21.2 Hz), 27.94 (t, J = 5.9 Hz). MS (EIl) m/z:
234.0 [M] *. HRMS (EI) m/z for CoHoF2Br [M]": calc’d: 233.9856; found: 233.9853.

4-(3-Bromo-3-fluoropropyl)-1,1'-biphenyl (10a). General procedure 1 Br
with 3-([1,1"-biphenyl]-4-yl)propanal followed by flash chromatography (- DM F
hexane) gave 10a as a white solid (173 mg, 30% yield). Mp: 38-40 °C. Ph

'H NMR (400 MHz, CDCls3) d (ppm): 7.55 (dd, J = 14.5, 7.9 Hz, 4H), 7.43 (t, J = 7.6 Hz, 2H),
7.33 (t, J = 7.3 Hz, 1H), 7.27 (d, J = 8.0 Hz, 2H), 6.44 (dt, J = 50.2, 5.4 Hz, 1H), 2.87 (t, J= 7.6
Hz, 2H), 2.76-2.37 (m, 2H); 1°F NMR (376 MHz, CDCls) ¢ (ppm): —132.43 (ddd, J = 50.2, 20.2,
16.2 Hz, 1F); 3C NMR (101 MHz, CDCls) 6 (ppm): 141.00, 139.73, 138.66, 129.08, 128.99,
127.63, 127.44, 127.22, 94.89 (d, J = 252.2 Hz), 42.23 (d, J = 19.2 Hz), 31.06 (d, J = 4.4 Hz). MS
(EI) m/z: 292.0 [M]*. HRMS (EI) m/z for C1sH1sFBr [M]*: calc’d: 292.0263; found: 292.0258.

4-(3,3-Difluoropropyl)-1,1'-biphenyl (10). General procedure 2 with 3- F

([1,1'-biphenyl]-4-yl)propanal followed by flash chromatography (n-hexane) /@MF
Ph

gave 10 as a white solid (300 mg, 65% yield). Mp: 45-47 °C.



'H NMR (400 MHz, CDCls) 6 (ppm): 7.58 (dd, J = 15.1, 7.9 Hz, 4H), 7.45 (t, J = 7.6 Hz, 2H),
7.36 (t, J = 7.3 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 5.86 (tt, J = 56.7, 4.5 Hz, 1H), 3.14-2.51 (m,
2H), 2.45-1.93 (m, 2H); °F NMR (376 MHz, CDCl3) ¢ (ppm): —117.07 (dt, J = 34.1, 17.4 Hz,
2F); 13C NMR (101 MHz, CDCls) 6 (ppm): 141.04, 139.63, 139.18, 128.99, 128.95, 127.59,
127.42, 127.22, 35.84 (t, J = 21.0 Hz), 28.24 (t, J = 6.0 Hz). [Known compound’].

(E/Z)-4-(3-Fluoroallyl)-1,1'-biphenyl (10b). In a 4-mL glass vial equipped F
with a magnetic stirrer bar, 4-(3-bromo-3-fluoropropyl)-1,1'-biphenyl (0.4 phW
mmol, 117 mg, 1.0 equiv.) was added to a solution of NMesF (0.8 mmol, 75 EIZ = 57/47

mg, 2.0 equiv.) in anhydrous CH3:CN (2.0 mL) at RT under He atmosphere. After 12 h, the reaction
mixture was concentrated under reduced pressure. Sat. aq. NaCl solution was added. Then the
mixture was extracted with diethyl ether. The combined organic phase was separated and washed
with brine, dried (Mg2S0Os), and concentrated under vacuum. The resulting residue was purified
by silica gel flash column chromatography (n-hexane) to afford 10b as a colorless oil (73 mg, E/Z
=57/47, 86% yield. *H NMR (400 MHz, CDCls) 6 (ppm): 7.46 (dd, J = 17.3, 7.7 Hz, 4H), 7.34 (t,
J =75 Hz, 2H), 7.30-7.07 (m, 3H), 6.63-6.38 (m, 1H), 5.48 (ddt, J = 18.6, 11.1, 7.7 Hz, 0.56H),
4.90 (dtd, J = 41.8, 7.7, 4.7 Hz, 0.48H), 3.42 (d, J = 7.7 Hz, 0.91H), 3.19 (d, J = 7.7 Hz, 1.18H);
F NMR (376 MHz, CDCls) 6 (ppm): —127.64 to —129.72 (m, 0.55F), —130.77 (dd, J = 85.2, 41.6
Hz, 0.47F); 33C NMR (101 MHz, CDCls) ¢ (ppm): 151.01, 149.60, 148.47, 147.04, 128.96, 128.95,
128.91, 127.48, 127.38, 127.33, 127.23, 110.84 (d, J = 10.9 Hz), 110.02 (d, J = 5.1 Hz), 31.10 (d,
J=10.1 Hz), 28.77 (d, J = 5.9 Hz). MS (EIl) m/z: 212.1 [M]*. HRMS (EI) m/z for CisH1sF [M]*:
calc’d: 212.1001; found: 212.1007.

(E/Z)-4-(3-bromoallyl)-1,1'-biphenyl (10c)*.

0
Br

/P\

/@NO CBry, PPh, g MeO H OMe WBr
_—m m r
Ph DCM NEt;, DMF Ph
Ph 3 10c
E/Z =8/5

To a flame-dried flask was added 2-([1,1'-biphenyl]-4-yl)acetaldehyde (589 mg, 3.0 mmol, 1.0
equiv.), CBrs4 (1.49 g, 4.5 mmol, 1.5 equiv.), and CH2Cl> (10 mL). The flask was cooled to 0 °C,
and then a solution of PPh3 (2.36 g, 9.0 mmol, 3.0 equiv.) in CH2Cl> (5.0 mL) was added dropwise
from a syringe over 10 min. The solution was stirred at 0 °C under N2 for 1 h. About half of the

volume of CH2Cl, was removed under reduced pressure. Hexane (50 mL) was added.
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Triphenylphosphine oxide (TPPO) precipitated out. After filtration and evaporation of the filtrant,
the residue was dissolved in hexane (50 mL) which led to further precipitation of TPPO. Filtration
and evaporation of the solvent afforded crude 4-(3,3-dibromoallyl)-1,1'-biphenyl which was used
directly in the next step, as follows  To a solution of the crude 4-(3,3-dibromoallyl)-1,1'-biphenyl
(~ 2.0 mmol, 1.0 equiv.) and NEts (607 mg, 6.0 mmol, 3.0 equiv.) in DMF (3.0 mL) was added
dimethyl phosphonate (660 mg, 6.0 mmol, 3.0 equiv.). The solution was stirred overnight at room
temperature. Water (10 mL) was added to the mixture, which was then extracted with diethyl ether
(50 mL). The combined organic phase was separated, washed with brine, dried (Mg2SO4), and
concentrated under vacuum. The residue was purified by silica gel flash column chromatography
(n-hexane) to afford 10c as a white solid (293 mg, E/Z = 8/5, 36% yield). Mp: 42-44 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 7.69-7.55 (m, 4H), 7.51-7.47 (m, 2H), 7.45-7.27 (m, 3H),
6.56-6.30 (m, 1.33H), 6.18 (dt, J = 13.5, 1.4 Hz, 0.58H), 3.84-3.55 (m, 0.79H), 3.45(d, J =7.1
Hz, 1.24H); 1*C NMR (101 MHz, CDCls) § (ppm): 141.08, 141.00, 139.73, 139.60, 137.95,
137.46, 136.63, 133.58, 129.12, 129.04, 128.96, 128.94, 127.54, 127.53, 127.41, 127.35, 127.21,
108.98, 106.21, 38.91, 35.83. MS (EI) m/z: 272.0 [M]*. HRMS (EI) m/z for C1sH13Br [M]": calc’d:
272.0201; found: 272.0201.

(3-Bromo-3-fluoropropane-1,1-diyl)dibenzene (11a). General procedure 1 Ph  Br
with 3,3-diphenylpropanal followed by flash chromatography (n-hexane) gave F
11a as a colorless oil (93 mg, 16% yield).

'H NMR (400 MHz, CDCls) ¢ (ppm): 7.31 (ddd, J = 10.5, 5.4, 2.9 Hz, 4H), 7.26-7.15 (m, 6H),
6.14 (ddd, J = 50.3, 6.8, 5.4 Hz, 1H), 4.22 (t, J = 8.0 Hz, 1H), 3.03 (ddt, J = 14.3, 10.9, 7.1 Hz,
1H), 2.86 (ddd, J = 23.1, 14.2, 8.6, 5.4 Hz, 1H); F NMR (376 MHz, CDCls3) & (ppm): —133.28
(ddd, J =50.4, 23.3, 10.9 Hz, 1F); **C NMR (101 MHz, CDCls) 6 (ppm): 142.59 (d, J = 30.0 Hz),
129.05 (d, J = 3.8 Hz), 127.91 (d, J = 17.9 Hz), 127.11 (d, J = 1.4 Hz), 94.37 (d, J = 251.6 Hz),
47.58 (d, J = 4.2 Hz), 46.56 (d, J = 19.3 Hz). MS (EI) m/z: 292.0 [M]*. HRMS (EI) m/z for
CisH14FBr [M]": calc’d: 292.0263; found: 292.0254.

(3,3-Difluoropropane-1,1-diyl)dibenzene (11). General procedure 2 with 3,3- Ph F
diphenylpropanal followed by flash chromatography (n-hexane) gave 11 as a F

colorless oil (115 mg, 50% yield).
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IH NMR (400 MHz, CDCls) § (ppm): 7.34-7.26 (m, 4H), 7.26-7.13 (m, 6H), 5.57 (tt, J = 56.7,
5.1 Hz, 1H), 4.17 (t, J = 8.1 Hz, 1H), 2.57 (tdd, J = 15.8, 8.2, 5.1 Hz, 1H); °F NMR (376 MHz,
CDCls) ¢ (ppm): —116.94 (dt, J =56.9, 15.9 Hz, 2F); 13C NMR (101 MHz, CDCls) & (ppm): 143.02,
128.94, 127.75, 126.95, 116.71 (t, J = 238.8 Hz), 45.45 (t, J = 6.0 Hz), 39.91 (t, J = 21.4 Hz).

[Known compound*?].

1-(3-Bromo-3-fluoropropyl)-4-(methylsulfonyl)benzene (12a). General Br

procedure 1 with 3-(4-(methylsulfonyl)phenyl)propanal followed by flash F

N\

chromatography (ethyl acetate/n-hexane, 1: 3) gave 12a as a white solid /S\b

(126 mg, 21% yield). Mp: 62-64 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 7.89 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 6.44 (dt,
J =50.0, 5.2 Hz, 1H), 3.05 (s, 3H), 3.00-2.89 (m, 2H), 2.70-2.37 (m, 2H); °F NMR (376 MHz,
CDCls) ¢ (ppm): —127.44 to —140.13 (m, 1F); 3C NMR (101 MHz, CDCls) 6 (ppm): 146.24,
139.10, 129.64, 128.05, 94.09 (d, J = 252.7 Hz), 44.73, 41.58 (d, J = 19.5 Hz), 31.25 (d, J = 4.3
Hz). MS (El) m/z: 294.9 [M]*. HRMS (EI) m/z for C10H12FO2BrS [M]": calc’d: 293.9725; found:
293.9724.

1-(3,3-Difluoropropyl)-4-(methylsulfonyl)benzene (12). General F
procedure 2 with 3-(4-(methylsulfonyl)phenyl)propanal followed by flash J@M F
chromatography (ethyl acetate/n-hexane, 1: 3) gave 12 as a white solid (116 /\\S\\o

mg, 50% vyield). Mp: 58-60 °C.

'H NMR (400 MHz, CDCls) § (ppm): 7.87 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 5.83 (tt,
J =56.4, 4.3 Hz, 1H), 3.03 (s, 3H), 2.88 (dd, J = 9.1, 7.0 Hz, 2H), 2.39-1.92 (m, 2H); °®F NMR
(376 MHz, CDCl3) 6 (ppm): —117.15 (dt, J = 34.3, 16.8 Hz, 2F); *C NMR (101 MHz, CDCls) 6
(ppm): 146.69, 138.95, 129.49, 127.95, 116.33 (t, J = 239.5 Hz), 44.68, 35.27 (t, J = 21.4 Hz),
28.33 (t, J = 6.0 Hz). MS (EI) m/z: 234.0 [M]*. HRMS (EI) m/z for C1oH12F20,S [M]": calc’d:
234.0526; found: 234.0525.

1-(3-Bromo-3-fluoropropyl)-3-nitrobenzene (13a). General procedure 1 Br

O.N
with 3-(3-nitrophenyl)propanal followed by flash chromatography (ethyl \©/\)\F

acetate/n-hexane, 1: 10) gave 13a as a colorless oil (100 mg, 19% vyield).
'H NMR (400 MHz, CDCls3) & (ppm): 8.10 (d, J = 7.9 Hz, 2H), 7.55 (d, J = 7.6 Hz, 1H), 7.49 (t, J
= 7.6 Hz, 1H), 6.47 (dt, J = 50.0, 5.2 Hz, 1H), 3.08-2.83 (m, 2H), 2.82-2.32 (m, 2H); *F NMR
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(376 MHz, CDCls) & (ppm): —133.03 (dt, J = 50.0, 18.3 Hz, 1F); 3C NMR (101 MHz, CDCls) &
(ppm): 148.69, 141.70, 134.91, 129.85, 123.47, 121.95, 94.03 (d, J = 252.6 Hz), 41.61 (d, J = 19.7
Hz), 30.96 (d, J = 4.3 Hz). MS (EI) m/z: 261.0 [M]*. HRMS (EI) m/z for CeHgFO,BrN [M]*: calc’d:
260.9800; found: 260.9808.

1-(3,3-Difluoropropyl)-3-nitrobenzene (13). General procedure 2 with 3- F
(3-nitrophenyl)propanal followed by flash chromatography (ethyl acetate/n- OZNO/\)\F
hexane, 1: 10) gave 13 as a colorless oil (306 mg, 76% yield).

'H NMR (400 MHz, CDCl3) 6 (ppm): 8.09 (d, J = 7.5 Hz, 2H), 7.55 (d, J = 7.6 Hz, 1H), 7.49 (t, J
= 7.6 Hz, 1H), 5.86 (tt, J = 56.3, 4.2 Hz, 1H), 3.23-2.52 (m, 2H), 2.49-1.78 (m, 2H); °F NMR
(376 MHz, CDCls) 6 (ppm):—117.17 (dt, J = 34.1, 16.6 Hz, 2F); *C NMR (101 MHz, CDCls) ¢
(ppm): 148.72, 142.17, 134.80, 129.82, 123.38, 121.89, 116.30 (t, J = 239.6 Hz), 35.42 (t, J =21.5
Hz), 28.10 (t, J = 5.9 Hz). MS (EI) m/z: 201.0 [M]*. HRMS (EI) m/z for CoHsF202N [M]*: calc’d:
201.0601; found: 201.0605.

4-(3-Bromo-3-fluoropropyl)benzonitrile (14a). General procedure 1 with Br
4-(3-oxopropyl)benzonitrile followed by flash chromatography (ethyl /@M F
acetate/n-hexane, 1: 10) gave 14a as a colorless oil (89 mg, 18% vyield). NC

'H NMR (400 MHz, CDCls) 6 (ppm): 7.59 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 6.43 (dt,
J =50.0, 5.2 Hz, 1H), 3.12-2.74 (m, 2H), 2.74-2.30 (m, 2H); *°*F NMR (376 MHz, CDCls) 6
(ppm): —121.23 to —143.82 (m, 1F); *C NMR (101 MHz, CDCls) 6 (ppm): 145.20, 132.58, 129.38,
118.87, 110.58, 94.11 (d, J = 252.5 Hz), 41.35 (d, J = 19.5 Hz), 31.31 (d, J = 4.4 Hz). MS (El)
m/z: 241.0 [M]*. HRMS (EI) m/z for C1o0HgFBIN [M]*: calc’d: 240.9902; found: 240.9897.

4-(3,3-Difluoropropyl)benzonitrile (14). General procedure 2 with 4-(3- F
oxopropyl)benzonitrile followed by flash chromatography (ethyl acetate/n- /@M F
hexane, 1: 10) gave 14 as a colorless oil (69 mg, 38% yield). NC

'H NMR (400 MHz, CDCls) & (ppm): 7.59 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 5.83 (tt,
J =56.4, 4.3 Hz, 1H), 3.13-2.60 (m, 2H), 2.63-1.80 (m, 2H); *®F NMR (376 MHz, CDCl3) 6
(ppm): —117.15 (dt, J = 56.6, 17.2 Hz, 2F); *C NMR (101 MHz, CDCl3) é (ppm): 145.72, 132.60,
129.30, 118.95, 116.31 (t, J = 239.5 Hz), 110.57, 35.16 (t, J = 21.5 Hz), 28.49 (t, J = 6.0 Hz).

[Known compound?*?].
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Methyl 4-(3-bromo-3-fluoropropyl)benzoate (15a). General procedure Br
1 with methyl 4-(3-oxopropyl)benzoate followed by flash /@M F
chromatography (ethyl acetate/n-hexane, 1: 10) gave 15a as a colorless MeO2C

oil (179 mg, 33% yield).

IH NMR (400 MHz, CDCl3) & (ppm): 7.98 (d, J = 7.3 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 6.42 (dt,
J=50.1, 5.1 Hz, 1H), 3.91 (s, 3H), 2.90 (t, J = 7.7 Hz, 2H), 2.76-2.28 (m, 2H); 1°F NMR (376
MHz, CDCl3) & (ppm): —132.73 (ddd, J = 36.6, 19.8, 17.7 Hz, 1F); 3C NMR (101 MHz, CDCls)
J (ppm): 167.00, 144.97, 130.16, 128.71, 128.62, 94.44 (d, J = 252.4 Hz), 52.21, 41.71 (d, J = 19.6
Hz), 31.32 (d, J = 4.4 Hz). MS (E1) m/z: 274.0 [M]*. HRMS (E1) m/z for C11H12FO,Br [M]*: calc’d:
274.0005; found: 273.9994.

Methyl 4-(3,3-difluoropropyl)benzoate (15). General procedure 2 with F
methyl 4-(3-oxopropyl)benzoate followed by flash chromatography /@M F
(ethyl acetate/n-hexane, 1: 10) gave 15 as a white solid (206 mg, 48% MeO:C

yield). Mp: 50-52 °C.

!H NMR (400 MHz, CDCls) § (ppm): 7.98 (d, J = 7.3 Hz, 2H), 7.27 (d, J = 7.6 Hz, 2H), 5.81 (tt,
J =56.6, 4.1 Hz, 1H), 3.90 (s, 3H), 2.96-2.72 (m, 2H), 2.35-1.97 (m, 2H); °F NMR (376 MHz,
CDCls)  (ppm): —117.14 (dt, J =56.6, 17.0 Hz, 2F); *C NMR (101 MHz, CDCls) J (ppm): 167.086,
145.50, 130.15, 128.65, 128.52, 116.57 (t, J = 239.3 Hz), 52.20, 35.41 (t, J = 21.3 Hz), 28.49 (t, J

= 6.0 Hz). [Known compound*?].

2-(5-Bromo-5-fluoropentyl)thiophene (16a). General procedure 1 with 5- Br
(thiophen-2-yl)pentanal followed by flash chromatography (n-hexane) gave Es,)_/—/_< F

16a as a colorless oil (117 mg, 23% yield). W

'H NMR (400 MHz, CDCl3) 6 (ppm): 7.14 (dd, J = 5.1, 1.1 Hz, 1H), 6.94 (dd, J = 5.1, 3.4 Hz,
1H), 6.87-6.77 (m, 1H), 6.47 (dt, J = 50.4, 5.4 Hz, 1H), 2.88 (t, J = 7.5 Hz, 2H), 2.48-2.03 (m,
2H), 1.94-1.68 (m, 2H), 1.68-1.45 (m, 2H); °F NMR (376 MHz, CDCls) 6 (ppm): —124.93 to —
152.82 (m, 1F); 3C NMR (101 MHz, CDCls) 6 (ppm): 144.84, 126.94, 124.44, 123.25, 95.54 (d,

J=252.5Hz), 40.50 (d, J = 18.8 Hz), 30.98, 29.78, 24.68 (d, J = 3.8 Hz). MS (EI) m/z: 249.9 [M]".
HRMS (EI) m/z for CoH12FSBr [M]*: calc’d: 249.9827; found: 249.9823.
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2-(5,5-Difluoropentyl)thiophene (16). General procedure 2 with 5-(thiophen- F

2-yl)pentanal followed by flash chromatography (n-hexane) gave 16 as a @_/_/_<F
colorless oil (67 mg, 35% yield). /

IH NMR (400 MHz, CDCls) § (ppm): 7.13 (dd, J = 5.1, 1.1 Hz, 1H), 6.93 (dd, J = 5.1, 3.4 Hz,
1H), 6.87-6.71 (m, 1H), 5.81 (tt, J = 56.9, 4.5 Hz, 1H), 2.87 (t, J = 7.5 Hz, 2H), 2.02-1.80 (m,
2H), 1.75 (dd, J = 15.3, 7.7 Hz, 2H), 1.54 (it, J = 10.4, 6.3 Hz, 2H); °F NMR (376 MHz, CDCls)
J (ppm): —115.77 (dt, J = 57.0, 17.6 Hz, 2F); 13C NMR (101 MHz, CDCls) § (ppm): 144.93, 126.96,
124.43,123.24, 117.45 (t, = 238.9 Hz), 34.03 (t, J = 20.7 Hz), 31.36, 29.83, 21.77 (t, = 5.5 Hz).

[Known compound4].

4-(4-Bromo-4-fluorobutyl)-1,2-dimethoxybenzene (17a). General MeO Br
procedure 4 with 4-allyl-1,2-dimethoxybenzene followed by flash MQOW
chromatography (ethyl acetate/n-hexane, 1: 20) gave 17a as a colorless oil (41 mg, 35% yield).
!H NMR (400 MHz, CDCls) 6 (ppm): 6.80 (d, J = 7.9 Hz, 1H), 6.71 (d, J = 9.1 Hz, 2H), 6.45 (dt,
J=50.4,5.3 Hz, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 2.63 (t, J = 7.6 Hz, 2H), 2.38-2 .04 (m, 2H), 1.96—
1.70 (m, 2H); *°F NMR (376 MHz, CDCls) ¢ (ppm): —121.86 to — 146.61 (m, 1F); *C NMR (101
MHz, CDCls) J (ppm): 149.11, 147.58, 133.91, 120.39, 111.78, 111.46, 95.57 (d, J = 252.4 Hz),
56.06 (d, J = 8.0 Hz), 40.10 (d, J = 19.0 Hz), 34.54, 26.92 (d, J = 3.6 Hz). MS (EI) m/z: 290.0
[M]*. HRMS (EI) m/z for C12H16FO2Br [M]": calc’d: 290.0318; found: 290.0326.

4-(4,4-Difluorobutyl)-1,2-dimethoxybenzene (17). General procedure MeO F
45 with  4-allyl-1,2-dimethoxybenzene  followed by flash Meom
chromatography (ethyl acetate/n-hexane, 1: 20) gave 17 as a colorless oil (38 mg, 55% vyield).

'H NMR (400 MHz, CDCls) & (ppm): 6.80 (d, J = 7.8 Hz, 1H), 6.71 (d, J = 8.3 Hz, 2H), 6.08-5.51
(m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 2.62 (t, J = 7.3 Hz, 2H), 2.18-1.63 (m, 4H); °F NMR (376
MHz, CDCl3) d (ppm): —115.73 (dt, J = 56.5, 17.1 Hz, 2F); 13C NMR (101 MHz, CDCls) & (ppm):
149.10, 147.56, 134.07, 120.40, 117.45 (t, J = 238.8 Hz), 111.81, 111.44, 56.05 (d, J = 9.5 Hz),
34.90, 33.65 (t, J = 20.9 Hz), 24.06 (t, J = 5.2 Hz). [Known compound?®].

5-Bromo-5-fluoropentyl  3-fluorobenzoate (18a). General o Br
. F /\/\)\
procedure 4 with but-3-en-1-yl 3-fluorobenzoate followed by flash o F

chromatography (ethyl acetate/n-hexane, 1: 10) gave 18a as a

colorless oil (53 mg, 43% vyield).
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'H NMR (400 MHz, CDCls) 6 (ppm): 7.83 (d, J = 7.7 Hz, 1H), 7.71 (d, J = 9.3 Hz, 1H), 7.42 (td,
J=8.0,5.6 Hz, 1H), 7.26 (td, J = 8.3, 2.6 Hz, 1H), 6.50 (dt, J = 50.3, 5.3 Hz, 1H), 4.35 (t, J = 6.4
Hz, 2H), 2.53-2.00 (m, 2H), 1.85 (dt, J = 14.1, 6.9 Hz, 2H), 1.78-1.54 (m, 2H); °F NMR (376
MHz, CDCls) 6 —103.59 to — 120.95 (m, 1F), —122.76 to — 135.45 (m, 1F); 3C NMR (101 MHz,
CDCl3) ¢ (ppm): 165.49 (d, J = 3.0 Hz), 162.65 (d, J = 247.1 Hz), 132.49 (d, J = 7.5 Hz), 130.15
(d, J=7.8 Hz), 125.39 (d, J = 3.2 Hz), 120.14 (d, J = 21.3 Hz), 116.55 (d, J = 23.0 Hz), 95.16 (d,
J=252.4 Hz), 64.82,40.15 (d, J = 19.2 Hz), 27.90, 21.82 (d, J = 4.2 Hz). MS (EI) m/z: 306.0 [M]".
HRMS (El) m/z for C12H13F202Br [M]*: calc’d: 306.0067; found: 306.0073.

5,5-Difluoropentyl 3-fluorobenzoate (18). General procedure 5 o F
with  but-3-en-1-yl  3-fluorobenzoate  followed by flash F\(j)kO“/\)\F
chromatography (ethyl acetate/n-hexane, 1: 10) gave 18 as a

colorless oil (38 mg, 51% yield).

!H NMR (400 MHz, CDCls) 6 (ppm): 7.83 (d, J = 7.7 Hz, 1H), 7.71 (d, J = 9.3 Hz, 1H), 7.42 (td,
J=8.0,5.7 Hz, 1H), 7.26 (td, J = 8.3, 2.5 Hz, 1H), 5.84 (tt, J = 56.7, 4.3 Hz, 1H), 4.35 (t, J = 6.4
Hz, 2H), 2.08-1.72 (m, 4H), 1.72-1.43 (m, 2H); °F NMR (376 MHz, CDCl3) & (ppm): —-111.55
to — 113.31 (m, 1F), —116.06 (dt, J = 57.1, 17.6 Hz, 2F); *C NMR (101 MHz, CDCls) J (ppm):
165.61 (d, J = 2.9 Hz), 162.75 (d, J = 247.1 Hz), 132.61 (d, J = 7.4 Hz), 130.24 (d, J = 7.7 Hz),
125.48 (d, J = 3.0 Hz), 120.22 (d, J = 21.3 Hz), 117.23 (t, J = 238.9 Hz), 116.63 (d, J = 23.2 Hz),
64.97, 33.84 (t, J = 21.0 Hz), 28.36, 18.98 (t, J = 5.7 Hz). MS (EI) m/z: 246.1 [M]*. HRMS (EI)
m/z for C12H13F302 [M]": calc’d: 246.0868; found: 246.0863.

5-Bromo-5-fluoropentyl 4-iodobenzoate (19a). General procedure o Br
4 with but-3-en-1-yl 4-iodobenzoate followed by flash OWF
chromatography (ethyl acetate/n-hexane, 1: 10) gave 19a as a '

colorless oil (96 mg, 58% yield).

'H NMR (400 MHz, CDCls) 6§ (ppm): 7.86-7.77 (m, 2H), 7.77-7.65 (m, 2H), 6.49 (dt, J = 50.3,
5.3 Hz, 1H), 4.33 (t, J = 6.4 Hz, 2H), 2.51-2.08 (m, 2H), 1.84 (dt, J = 14.2, 6.9 Hz, 2H), 1.77-1.62
(m, 2H); 1°F NMR (376 MHz, CDCls) 6 (ppm): —119.98 to —143.82 (m, 1F); 3C NMR (101 MHz,
CDCls) o (ppm): 166.24, 137.95, 131.19, 129.87, 100.98, 95.23 (d, J = 252.4 Hz), 64.80, 40.23 (d,
J = 19.2 Hz), 27.99, 21.91 (d, J = 3.9 Hz). MS (EIl) m/z: 413.9 [M]". HRMS (EI) m/z for

C12H13FO2Brl [M]": calc’d: 413.9128; found: 413.9121.
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5,5-Difluoropentyl 4-iodobenzoate (19). General procedure 5 with o F
but-3-en-1-yl 3-fluorobenzoate followed by flash chromatography /(j)k OWF
(ethyl acetate/n-hexane, 1: 10) gave 19 as a colorless oil (72 mg, 68%

yield).

'H NMR (400 MHz, CDCls3) & (ppm): 7.80 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.4 Hz, 2H), 5.83 (t,
J=56.7, 4.3 Hz, 1H), 4.33 (t, J = 6.4 Hz, 2H), 2.07-1.73 (m, 4H), 1.72 — 1.54 (m, 2H); *F NMR
(376 MHz, CDCl3) 6 (ppm): —116.05 (dt, J = 34.7, 17.6 Hz, 2F); 3C NMR (101 MHz, CDCls) ¢
(ppm): 166.26, 137.95, 131.19, 129.90, 117.21 (t, J = 238.9 Hz), 100.95, 64.86, 33.84 (t, J =21.1
Hz), 28.37, 18.98 (t, J = 5.7 Hz). [Known compound?®].

5-Bromo-5-fluoropentyl 4-cyanobenzoate (20a). General o Br
procedure 4 with but-3-en-1-yl 4-cyanobenzoate followed by flash ﬁowF
chromatography (ethyl acetate/n-hexane, 1: 10) gave 20a as a NC

colorless oil (79 mg, 63% vyield).

'H NMR (400 MHz, CDCls) § (ppm): 8.35-8.00 (m, 2H), 8.00-7.55 (m, 2H), 6.47 (dt, J = 50.3,
5.2 Hz, 1H), 4.36 (t, J = 6.4 Hz, 2H), 2.44-2.09 (m, 2H), 1.84 (dt, J = 14.2, 7.0 Hz, 2H), 1.78-1.62
(m, 2H); °F NMR (376 MHz, CDCls) 8 (ppm): —131.23 (dt, J = 50.3, 19.1 Hz, 1F); *C NMR (101
MHz, CDCIz) ¢ (ppm): 165.07, 134.18, 132.44, 130.25, 118.13, 116.63, 95.14 (d, J = 252.4 Hz),
65.34, 40.15 (d, J = 19.2 Hz), 27.92, 21.82 (d, J = 3.9 Hz). MS (EI) m/z: 313.0 [M]*. HRMS (EI)
m/z for C13H13FO2BrN [M]": calc’d: 313.0114; found: 313.01009.

5,5-Difluoropentyl 4-cyanobenzoate (20). General procedure 5 o F
with  but-3-en-1-yl  4-cyanobenzoate followed by flash /Ej)k OWF
chromatography (ethyl acetate/n-hexane, 1: 10) gave 20 as a white NC

solid (42 mg, 55% yield). Mp: 81-83 °C.

!H NMR (400 MHz, CDCls) § (ppm): 8.12 (d, J = 8.3 Hz, 2H), 7.74 (d, J = 8.3 Hz, 2H), 5.84 (tt,
J=56.7, 4.3 Hz, 1H), 4.37 (t, J = 6.4 Hz, 2H), 2.08-1.72 (m, 4H), 1.72-1.43 (m, 2H); °F NMR
(376 MHz, CDCls) ¢ (ppm):—116.14 (dt, J = 57.0, 17.6 Hz, 2F); 3C NMR (101 MHz, CDCls) 6
(ppm): 165.09, 134.21, 132.43, 130.24, 118.14, 117.13 (t, J = 239.1 Hz), 116.62, 65.40, 33.78 (t,
J = 21.1 Hz), 28.29, 18.89 (t, J = 5.6 Hz). MS (EI) m/z: 253.1 [M]*. HRMS (EI) m/z for
Ci13H13F202N [M]": calc’d: 253.0914; found: 253.0910.
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5-Bromo-5-fluoropentyl 4-(trifluoromethyl)benzoate (21a). o
General procedure 4 with but-3-en-1-yl 4- /@AOWF
(trifluoromethyl)benzoate followed by flash chromatography F.C

(ethyl acetate/n-hexane, 1: 20) gave 21a as a colorless oil (109 mg, 76% yield).

'H NMR (400 MHz, CDCls) ¢ (ppm): 8.15 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.3 Hz, 2H), 6.50 (dt,
J=50.3,5.3 Hz, 1H), 4.38 (t, J = 6.4 Hz, 2H), 2.64-2.07 (m, 2H), 1.87 (dt, J = 14.2, 6.9 Hz, 2H),
1.80-1.58 (m, 2H); °F NMR (376 MHz, CDCls) § (ppm): —63.72 (s, 3F), —131.80 (dt, J = 50.2,
18.9 Hz, 1F); °C NMR (101 MHz, CDCls) 6 (ppm): 165.54, 134.70 (g, J = 32.7 Hz), 133.63,
130.17, 125.66 (q, J = 3.7 Hz), 123.83 (q, J = 272.8 Hz), 95.19 (d, J = 252.4 Hz), 65.12, 40.23 (d,
J = 19.2 Hz), 28.00, 21.90 (d, J = 4.0 Hz). MS (El) m/z: 356.0 [M]". HRMS (EI) m/z for
C13H13F402Br [M]": calc’d: 356.0035; found: 356.0034.

5,5-Difluoropentyl 4-(trifluoromethyl)benzoate (21). General o} F
procedure 5 with but-3-en-1-yl 4-(trifluoromethyl)benzoate /@* OM)\F
followed by flash chromatography (ethyl acetate/n-hexane, 1: 20) FsC

gave 21 as a colorless oil (51 mg, 57% yield).

'H NMR (400 MHz, CDCls) & (ppm): 8.14 (d, J = 8.3 Hz, 2H), 7.70 (d, J = 8.3 Hz, 2H), 5.84 (tt,
J=56.7,4.3 Hz, 1H), 4.38 (t, J = 6.4 Hz, 2H), 2.10-1.72 (m, 4H), 1.72-1.38 (m, 2H); *°*F NMR
(376 MHz, CDCls) 6 (ppm):—63.72 (s, 3F), —116.69 (dt, J = 56.4, 17.5 Hz, 2F); 1*C NMR (101
MHz, CDCls) § (ppm): 165.54, 134.67 (g, J = 32.9 Hz), 133.66, 130.16, 125.64 (g, J = 3.7 Hz),
123.84 (q, J = 272.7 Hz), 117.20 (t, J = 239.1 Hz), 65.17, 33.84 (t, J = 21.0 Hz), 28.35, 18.96 (t, J
=5.6 Hz). MS (El) m/z: 296.1 [M]*. HRMS (EI) m/z for C13H13FsO2 [M]*: calc’d: 296.0836; found:
296.0844.

5-Bromo-5-fluoropentyl  benzofuran-2-carboxylate (22a). Br
General procedure 4 with but-3-en-1-yl benzofuran-2-carboxylate %OM
followed by flash chromatography (ethyl acetate/n-hexane, 1: 10) ©
gave 22a as a colorless oil (79 mg, 60% yield).

'H NMR (400 MHz, CDCl3) & (ppm): 7.69 (d, J = 7.9 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.53 (s,
1H), 7.45 (t, J = 7.8 Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 6.50 (dt, J = 50.3, 5.3 Hz, 1H), 4.41 (t, J =
6.4 Hz, 2H), 2.61-2.07 (m, 2H), 2.07-1.81 (m, 2H), 1.83-1.64 (m, 2H); *°®F NMR (376 MHz,
CDCl3) § (ppm): —123.11 to — 145.98 (m, 1F); 3C NMR (101 MHz, CDCl3) § (ppm): 159.75,
155.95, 145.60, 127.89, 127.11, 124.02, 123.03, 114.18, 112.58, 95.23 (d, J = 252.4 Hz), 65.03,
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40.24 (d, J=19.1 Hz), 27.98, 21.88 (d, J = 3.8 Hz). MS (EI) m/z: 327.9 [M]*. HRMS (EI) m/z for
C14H1403FBr [M]": calc’d: 328.0110; found: 328.0096.

5,5-Difluoropentyl benzofuran-2-carboxylate (22). General F
procedure 5 with but-3-en-1-yl benzofuran-2-carboxylate followed %OM
by flash chromatography (ethyl acetate/n-hexane, 1: 10) gave 22 as ©
a colorless oil (36 mg, 45% yield).

'H NMR (400 MHz, CDCl3) & (ppm): 7.67 (d, J = 7.9 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.51 (s,
1H), 7.43 (t, J=7.8 Hz, 1H), 7.29 (t, J = 7.5 Hz, 1H), 5.84 (tt, J = 56.7, 4.3 Hz, 1H), 4.38 (t, J =
6.4 Hz, 2H), 2.11-1.76 (m, 4H), 1.70-1.49 (m, 2H); **F NMR (376 MHz, CDCls3) 6 (ppm): —116.01
(dt, J=57.0, 17.6 Hz, 2F); °C NMR (101 MHz, CDCls) 6 (ppm): 159.69, 155.88, 145.58, 127.81,
127.06, 123.96, 122.97, 117.20 (t, J = 238.9 Hz), 114.07, 112.49, 65.00, 33.75 (t, J = 21.0 Hz),
28.28, 18.87 (t, J =5.6 Hz). MS (El) m/z; 268.1 [M]". HRMS (EI) m/z for C14H1403F> [M]": calc’d:
268.0911; found: 268.0904.

But-3-en-1-yl 1-methyl-1H-indole-5-carboxylate (23b). General o]

procedure 3 with 1-methyl-1H-indole-5-carboxylic acid followed by @»&;M
N

flash chromatography (ethyl acetate/n-hexane, 1: 10) gave 23b as a Md
colorless oil (863 mg, 75% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 8.41 (s, 1H), 7.94 (d, J = 8.7 Hz, 1H), 7.31 (d, J = 8.7 Hz,
1H), 7.10 (d, J = 2.9 Hz, 1H), 6.59 (d, J = 2.8 Hz, 1H), 5.93 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.17
(dd, J = 31.2, 13.7 Hz, 2H), 4.40 (t, J = 6.7 Hz, 2H), 3.80 (s, 3H), 2.57 (q, J = 6.7 Hz, 2H); 13C
NMR (101 MHz, CDCls) ¢ (ppm): 167.88, 139.26, 134.53, 130.38, 128.12, 124.03, 123.08,
121.67, 117.32, 108.97, 102.77, 63.80, 33.50, 33.15. MS (ESI) m/z: 230.1 [M+H]*. HRMS (ESI)

m/z for C14H16NO2 [M+H]": calc’d: 230.1181; found: 230.1178.

5-Bromo-5-fluoropentyl  1-methyl-1H-indole-5-carboxylate o Br

(23a). General procedure 4 with but-3-en-1-yl 1-methyl-1H- (/D)J\OWF

indole-5-carboxylate followed by flash chromatography (ethyl M e/N
acetate/n-hexane, 1: 10) gave 23a as a colorless oil (39 mg, 28% vyield).
'H NMR (400 MHz, CDCl3) & (ppm): 8.39 (s, 1H), 7.93 (d, J = 8.7 Hz, 1H), 7.33 (d, J = 8.7 Hz,
1H), 7.11 (d, J = 2.7 Hz, 1H), 6.73-6.31 (m, 2H), 4.36 (t, J = 6.3 Hz, 2H), 3.82 (s, 3H), 2.70-2.11

(m, 2H), 2.11-1.81 (m, 2H), 1.74 (dt, J = 13.4, 6.6 Hz, 2H); 1°F NMR (376 MHz, CDCls) 5 (ppm):
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_117.81 to —146.61 (m, 1F); °C NMR (101 MHz, CDCls) & (ppm): 167.92, 139.33, 130.47,
128.16, 124.07, 123.09, 121.57, 109.06, 102.83, 95.43 (d, J = 252.4 Hz), 64.13, 40.38 (d, J = 19.1
Hz), 33.23, 28.18, 22.08 (d, J = 4.2 Hz). MS (ESI) m/z: 342.0 [M+H]". HRMS (ESI) m/z for
CisH1sNO2F°Br [M+H]*: calc’d: 342.0505; found: 342.0505.

5,5-Difluoropentyl 1-methyl-1H-indole-5-carboxylate (23). o N\)F\
General procedure 6 with but-3-en-1-yl 1-methyl-1H-indole-5- wo F
N

carboxylate followed by flash chromatography (ethyl acetate/n- M
hexane, 1: 10) gave 23 as a colorless oil (62 mg, 74% vyield).

'H NMR (400 MHz, CDCls) 6 (ppm): 8.40 (s, 1H), 7.93 (d, J = 8.7 Hz, 1H), 7.33 (d, J = 8.7 Hz,
1H), 7.11 (d, J = 2.6 Hz, 1H), 6.60 (d, J = 2.7 Hz, 1H), 5.85 (tt, J = 56.8, 4.2 Hz, 1H), 4.36 (t, J =
6.3 Hz, 2H), 3.81 (s, 3H), 2.11-1.78 (m, 4H), 1.78-1.53 (m, 2H); **F NMR (376 MHz, CDCl5) §
(ppm): —115.89 (dt, J = 56.6, 17.5 Hz, 2F); 13C NMR (101 MHz, CDCls) é (ppm): 167.91, 139.30,
130.46, 128.15, 124.02, 123.06, 121.58, 117.37 (t, J = 238.9 Hz), 109.04, 102.80, 64.16, 33.92 (t,
J =20.9 Hz), 33.18, 28.54, 19.13 (t, J = 5.6 Hz). MS (ESI) m/z; 282.1 [M+H]*. HRMS (ESI) m/z

for C1sH1sNO2F, [M+H]": calc’d: 282.1306; found: 282.13009.

((3-Bromo-3-fluoropropoxy)methyl)benzene (24a). General procedure 1 Br
followed by flash chromatography (ethyl acetate/n-hexane, 1: 20) gave 24a as a B”OMF
colorless oil (187 mg, 38% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 7.54-7.29 (m, 5H), 6.66 (dt, J = 50.4, 5.8 Hz, 1H), 4.53 (s,
2H), 3.84-3.37 (m, 2H), 2.90-2.14 (m, 2H); **F NMR (376 MHz, CDCl3) ¢ (ppm):—134.14 (ddd,
J=50.4,21.7,12.7 Hz, 1F); BC NMR (101 MHz, CDCls) § (ppm): 137.93, 128.60, 127.95, 127.79,
93.52 (d, J = 250.9 Hz), 73.40, 65.79 (d, J = 5.6 Hz), 41.22 (d, J = 19.5 Hz). MS (EI) m/z: 246.0

[M]*. HRMS (EI) m/z for C10H12OFBr [M]*: calc’d: 246.0056; found: 246.0051.

((3,3-Difluoropropoxy)methyl)benzene (24). General procedure 2 followed by F
flash chromatography (ethyl acetate/n-hexane, 1: 20) gave 24 as a colorless oil B”OMF
(202 mg, 54% yield).

'H NMR (400 MHz, CDCls3) 6 (ppm): 7.86-7.05 (m, 5H), 6.02 (tt, J = 56.9, 4.8 Hz, 1H), 4.53 (s,
2H), 3.64 (t, J = 6.1 Hz, 2H), 2.50-1.85 (m, 2H); °F NMR (376 MHz, CDCl3) J (ppm): —117.80
(dt, J=56.3, 16.6 Hz, 2F); 3C NMR (101 MHz, CDCls) 6 (ppm): 138.08, 128.67, 127.99, 127.82,

116.14 (t, J = 238.3 Hz), 73.44, 64.21 (t, J = 6.9 Hz), 34.99 (t, J = 21.4 Hz). [Known compound?®].
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1-((5-Bromo-5-fluoropentyl)oxy)naphthalene (25a). General O Br
procedure 4 with 1-(but-3-en-1-yloxy)naphthalene followed by flash O/\/\)\F
chromatography (ethyl acetate/n-hexane, 1: 20) gave 25a as a colorless

oil (31 mg, 25% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 8.28 (dd, J = 6.0, 3.4 Hz, 1H), 7.82 (dd, J = 6.0, 3.2 Hz,
1H), 7.60-7.29 (m, 4H), 6.81 (d, J = 7.5 Hz, 1H), 6.53 (dt, J = 50.3, 5.3 Hz, 1H), 4.17 (t, J = 6.1
Hz, 2H), 2.53-2.15 (m, 2H), 2.14-1.92 (m, 2H), 1.91-1.73 (m, 2H); °F NMR (376 MHz, CDCl3)
8 (ppm): —125.90 to —136.71 (m, 1F); *C NMR (101 MHz, CDClz) § (ppm): 154.73, 134.64,
127.61, 126.54, 125.98, 125.78, 125.33, 122.07, 120.39, 104.68, 95.45 (d, J = 252.4 Hz), 67.57,
40.43 (d, J =19.0 Hz), 28.53, 22.25 (d, J = 3.9 Hz). MS (EI) m/z: 310.0 [M]*. HRMS (EI) m/z for

C1sH160FBr [M]": calc’d: 310.0369; found: 310.0362.

1-((5,5-Difluoropentyl)oxy)naphthalene (25). General procedure 6 O F
with  1-(but-3-en-1-yloxy)naphthalene  followed by  flash O/\/\)\F
chromatography (ethyl acetate/n-hexane, 1: 20) gave 25 as a colorless

oil (51 mg, 68% yield).

'H NMR (400 MHz, CDCls) & (ppm): 8.29 (dd, J = 7.7, 4.9 Hz, 1H), 8.05-7.72 (m, 1H), 7.59—
7.33 (m, 4H), 6.81 (d, J = 7.5 Hz, 1H), 5.88 (tt, J = 56.8, 4.4 Hz, 1H), 4.17 (t, J = 6.1 Hz, 2H),
2.19-1.88 (m, 4H), 1.87-1.67 (m, 2H); °F NMR (376 MHz, CDCls) ¢ (ppm): —115.80 (dt, J =
35.2, 17.4 Hz, 2F); 3C NMR (101 MHz, CDCl3) 6 (ppm): 154.75, 134.65, 127.61, 126.53, 125.99,
125.79, 125.31, 122.07, 120.36, 117.39 (t, J = 238.9 Hz), 104.66, 67.58, 33.96 (t, J = 20.9 Hz),
28.89, 19.30 (t, J = 5.6 Hz). MS (EI) m/z: 250.1 [M]*. HRMS (EI) m/z for C1sH160F> [M]": calc’d:
250.1169; found: 250.1171.

2-(5-Bromo-5-fluoropentyl)isoindoline-1,3-dione  (26a). General o) Br
procedure 4 with 2-(but-3-en-1-yl)isoindoline-1,3-dione followed by CC((N\/\/\(F
flash chromatography (ethyl acetate/n-hexane, 1: 10) gave 26a as a o)

colorless oil (101 mg, 80% vyield).

'H NMR (400 MHz, CDCls) & (ppm): 7.83 (dd, J = 8.3, 4.2 Hz, 2H), 7.72 (dd, J = 8.0, 4.0 Hz,
2H), 6.44 (dt, J = 50.3, 5.3 Hz, 1H), 3.70 (t, J = 7.1 Hz, 2H), 2.51-2.05 (m, 2H), 1.85-1.67 (m,
2H), 1.64-1.47 (m, 2H); °F NMR (376 MHz, CDCls) 6 (ppm): —~130.97 (ddd, J = 50.4, 19.9, 18.2
Hz, 1F); 3C NMR (101 MHz, CDCls) 6 (ppm): 168.56, 134.19, 132.25, 123.46, 95.22 (d, J = 252.4

S29



Hz), 40.15 (d, J = 19.1 Hz), 37.64, 27.85, 22.53 (d, J = 3.9 Hz). MS (EI) m/z: 313.0 [M]*. HRMS
(E1) m/z for C13H13FO2BrN [M]": calc’d: 313.0114; found: 313.0118.

2-(5,5-Difluoropentyl)isoindoline-1,3-dione (26). General procedure 6 0 .
with isoindoline-1,3-dione followed by flash chromatography (ethyl \ \/\/\(F
acetate/n-hexane, 1: 10) gave 26 as a white solid (46 mg, 61% yield). 2

Mp: 74-76 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 7.83 (dd, J = 8.0, 3.7 Hz, 2H), 7.72 (dd, J = 7.7, 4.2 Hz,
2H), 5.79 (tt, J = 56.8, 4.2 Hz, 1H), 3.70 (t, J = 7.1 Hz, 2H), 2.06-1.79 (m, 2H), 1.80-1.67 (m,
2H), 1.59-1.39 (m, 2H); °F NMR (376 MHz, CDCl3) ¢ (ppm): —115.97 (dt, J = 56.5, 17.6 Hz,
2F); C NMR (101 MHz, CDCls) 6 (ppm): 168.58, 134.18, 132.25, 123.45, 117.22 (t, J = 239.1
Hz), 37.68, 33.73 (t, J = 21.1 Hz), 28.23, 19.63 (t, J = 5.6 Hz). [Known compound®®].
1-(3-Bromo-3-fluoro-2-methylpropyl)-4-isopropylbenzene (27a). Br
General procedure 1 with 3-(4-isopropylphenyl)-2-methylpropanal F
followed by flash chromatography (n-hexane) gave 27a as a colorless oil

(132 mg, d.r. = 1/1, 24% vyield).

'H NMR (400 MHz, CDCls) 6 (ppm): 7.21 (d, J = 7.9 Hz, 2H), 7.14 (dd, J = 7.7, 3.9 Hz, 2H), 6.40
(ddd, J =49.4, 33.5, 3.0 Hz, 1H), 2.99-2.73 (m, 2H), 2.71-2.48 (m, 1H), 2.48-2.20 (m, 1H), 1.29
(d, J=6.9 Hz, 6H), 1.12 (d, J = 6.6 Hz, 3H); °F NMR (376 MHz, CDCl3) 6 (ppm): —134.62 to —
140.53 (m, 1F); °C NMR (101 MHz, CDCls) 6 (ppm): 147.32, 147.24, 136.19, 135.91, 129.29,
129.17, 126.82, 126.80, 101.46 (d, J = 254.6 Hz), 99.82 (d, J = 256.0 Hz), 44.29 (d, J = 18.1 Hz),
43.29 (d, J =17.0 Hz), 38.27 (d, J = 16.2 Hz), 38.23 (d, J = 11.5 Hz), 33.93, 24.23, 14.76 (d, J =
2.1 Hz), 14.44 (d, J = 5.1 Hz). MS (El) m/z: 272.0 [M]*. HRMS (EI) m/z for C1sH1sFBr [M]*:
calc’d: 272.0576; found: 272.0566.

1-(3,3-Difluoro-2-methylpropyl)-4-isopropylbenzene  (27).  General F
procedure 2 with 3-(4-isopropylphenyl)-2-methylpropanal followed by F
flash chromatography (n-hexane) gave 27 as a colorless oil (234 mg, 55%

yield).

!H NMR (400 MHz, CDCls) 6 (ppm): 7.18 (d, J = 7.3 Hz, 2H), 7.11 (d, J = 7.4 Hz, 2H), 5.66 (td,
J=56.8,2.8 Hz, 1H), 2.89 (ddd, J = 19.7, 13.6, 6.3 Hz, 2H), 2.48 (dd, J = 13.5, 9.1 Hz, 1H), 2.31-
2.05 (m, 1H), 1.26 (d, J = 6.8 Hz, 6H), 1.00 (d, J = 6.8 Hz, 3H); *°®F NMR (376 MHz, CDCls) ¢
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(ppm):—125.04 (ddd, J = 276.8, 75.1, 56.8, 15.1 Hz, 1F); 3C NMR (101 MHz, CDCls) & (ppm):
147.17,136.22, 129.27, 126.75, 118.84 (t, J = 242.0 Hz), 39.49 (t, J = 19.5 Hz), 36.08 (dd, J = 5.9,
3.8 Hz), 33.93, 24.23, 12.12 (t, J = 4.9 Hz). MS (EI) m/z: 212.1 [M]*. HRMS (EI) m/z for C13H1sF
[M]*: calc’d: 212.1377; found: 212.1379.

5-(3-Bromo-3-fluoro-2-methylpropyl)benzo[d][1,3]dioxole (28a). Br
General procedure 1 with 3-(benzo[d][1,3]dioxol-5-yl)-2-methylpropanal <OWF
followed by flash chromatography (ethyl acetate/n-hexane, 1: 20) gave 28a °

as a colorless oil (156 mg, d.r. = 5/9, 28% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 6.75 (d, J = 7.9 Hz, 1H), 6.72-6.59 (m, 2H), 6.47-6.25 (m,
1H), 5.94 (s, 2H), 2.89-2.70 (m, 1H), 2.51-2.45 (m, 1H), 2.34-2.23 (m, 1H), 1.07 (d, J = 6.7 Hz,
3H); °F NMR (376 MHz, CDCl3) ¢ (ppm): —137.75 (ddd, J = 69.6, 49.6, 15.8 Hz, 1F); 13C NMR
(101 MHz, CDCl3) ¢ (ppm): 147.98, 146.41, 146.36, 132.63, 132.32, 122.31, 122.19, 109.61,
109.49, 108.51, 108.49, 101.14, 103.02-98.13 (m), 44.38 (d, J = 17.9 Hz), 43.42 (d, J = 17.2 Hz),
38.40 (d, J = 6.4 Hz), 38.27 (d, J = 1.5 Hz), 14.67 (d, J = 2.1 Hz), 14.35 (d, J = 5.1 Hz). MS (EI)
m/z: 274.0 [M]*. HRMS (EI) m/z for C11H12FO2Br [M]": calc’d: 274.0005; found: 273.9999.

5-(3,3-Difluoro-2-methylpropyl)benzo[d][1,3]dioxole  (28).  General F
procedure 2 with 3-(benzo[d][1,3]dioxol-5-yl)-2-methylpropanal followed <OWF
by flash chromatography (ethyl acetate/n-hexane, 1: 20) gave 28 as a °

colorless oil (201 mg, 47% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 6.75 (d, J = 7.8 Hz, 1H), 6.72-6.55 (m, 2H), 5.94 (s, 2H),
5.64 (td, J = 56.8, 2.9 Hz, 1H), 2.81 (dd, J = 13.7, 5.7 Hz, 1H), 2.42 (dd, J = 13.7, 9.1 Hz, 1H),
2.24-1.98 (m, 1H), 0.97 (d, J = 6.9 Hz, 3H); *F NMR (376 MHz, CDCls) J (ppm): —124.99 (ddd,
J=277.1,74.4,56.6, 15.1 Hz, 2F); 1*C NMR (101 MHz, CDCls) J (ppm): 147.97, 146.33, 132.67,
122.27,118.76 (t, J = 242.1 Hz), 109.60, 108.46, 101.14, 39.62 (t, J = 19.5 Hz), 36.19 (dd, J = 5.9,
3.8 Hz), 12.07 (t, J = 4.8 Hz). MS (El) m/z: 214.1 [M]*. HRMS (EI) m/z for C11H12F202 [M]*:
calc’d: 214.0805; found: 214.0799.

2-(Bromofluoromethyl)-2,3-dihydro-1H-indene (29a). General procedure 1 ®E>_<Br
with 2,3-dihydro-1H-indene-2-carbaldehyde followed by flash chromatography F

(n-hexane) gave 29a as a colorless oil (167 mg, 36% yield).

S31



IH NMR (400 MHz, CDCl3) & (ppm): 7.66-6.79 (m, 4H), 6.44 (dd, J = 50.2, 5.5 Hz, 1H), 3.29—
3.06 (m, 3H), 3.06-2.78 (m, 2H); °F NMR (376 MHz, CDCls) & (ppm): —132.96 (dd, J = 50.3,
13.4 Hz, 1F); 3C NMR (101 MHz, CDCls) 6 (ppm): 141.31 (d, J = 12.9 Hz), 126.94 (d, J = 2.2
Hz), 124.74 (d, J = 9.6 Hz), 98.38 (d, J = 254.1 Hz), 48.39 (d, J = 18.3 Hz), 35.55 (dd, J = 48.8,
3.9 Hz). MS (EI) m/z: 228.0 [M]*. HRMS (EI) m/z for C1oH10FBr [M]": calc’d: 227.9950; found:
227.9945.

2-(Difluoromethyl)-2,3-dihydro-1H-indene (29). General procedure 2 with 2,3- F
dihydro-1H-indene-2-carbaldehyde followed by flash chromatography (n-hexane) CE>_<F
gave 29 as a colorless oil (205 mg, 61% vyield).

H NMR (400 MHz, CDCls) § (ppm): 7.19 (dt, J = 20.8, 3.9 Hz, 4H), 5.77 (td, J = 56.8, 4.9 Hz,
1H), 3.11 (dd, J = 16.0, 8.6 Hz, 2H), 3.04-2.79 (m, 3H); *®F NMR (376 MHz, CDCls3) 6 (ppm): —
119.79 (dd, J = 56.4, 13.3 Hz, 2F); 1°C NMR (101 MHz, CDCl3) & (ppm): 141.48, 126.94, 124.76,

118.62 (t, J = 240.7 Hz), 42.81 (t, J = 20.3 Hz), 32.98 (t, J = 5.0 Hz). [Known compound!!].

1-((1S,4R)-4-((S)-Bromofluoromethyl)cyclohexyl)-4-chlorobenzene Br
(30a). General procedure 1 with (1r,4r)-4-(4-chlorophenyl)cyclohexane-1- O)\ F
carbaldehyde followed by flash chromatography (n-hexane) gave 30a as a /@

colorless oil (181 mg, 30% yield). cl

'H NMR (400 MHz, CDCls3) & (ppm): 7.30 (d, J = 7.7 Hz, 2H), 7.16 (d, J = 7.7 Hz, 2H), 6.39 (dd,
J=50.0, 4.1 Hz, 1H), 2.52 (t, J = 11.6 Hz, 1H), 2.40-1.84 (m, 5H), 1.77-1.24 (m, 4H); **F NMR
(376 MHz, CDCls) 6 (ppm): —135.92 (dd, J = 49.9, 14.2 Hz, 1F); *3C NMR (101 MHz, CDCls) ¢
(ppm): 145.19, 131.91, 128.69, 128.30, 100.26 (d, J = 255.1 Hz), 46.04 (d, J = 17.5 Hz), 43.47,
33.11 (d, J = 5.5 Hz), 28.11 (dd, J = 54.5, 3.6 Hz). MS (EI) m/z: 304.0 [M]*. HRMS (EI) m/z for
C13H1sFCIBr [M]": calc’d: 304.0030; found: 304.0039.

1-Chloro-4-((1R,4R)-4-(difluoromethyl)cyclohexyl)benzene (30). F
General procedure 2 with (1R,4R)-4-(4-chlorophenyl)cyclohexane-1- O)\F
carbaldehyde followed by flash chromatography (n-hexane) gave 30 as a /@

white solid (256 mg, 52% yield). Mp: 40-42 °C. “

!H NMR (400 MHz, CDCls) 6 (ppm): 7.29 (d, J = 7.5 Hz, 2H), 7.16 (d, J = 7.6 Hz, 2H), 5.63 (td,
J=56.9, 4.2 Hz, 1H), 2.50 (t, J = 11.8 Hz, 1H), 2.00 (d, J = 10.7 Hz, 4H), 1.94-1.68 (m, 1H),
1.55-1.08 (m, 4H); °F NMR (376 MHz, CDCl3) 6 (ppm): —122.98 (dd, J = 57.1, 13.6 Hz, 2F); 1*C
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NMR (101 MHz, CDCls) § (ppm): 145.39, 131.91, 128.70, 128.30, 119.20 (t, J = 241.6 Hz), 43.49,
41.37 (t, J = 19.5 Hz), 32.97, 25.65 (t, J = 4.7 Hz). MS (EI) m/z: 244.1 [M]*. HRMS (EI) m/z for
C13H1sF2Cl [M]": calc’d: 244.0830; found: 244.0836.

2-(Bromofluoromethyl)-3-methylbutyl  benzoate (31a). General o] Br
procedure 4 with 3-methylbut-2-en-1-yl benzoate followed by flash @ OCC\F
chromatography (ethyl acetate/n-hexane, 1: 20) gave 31a as a colorless oil

(56 mg, d.r. = 1:1, 46% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 8.04 (d, J = 8.1 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.45 (t, J
=7.7Hz, 2H), 6.74 (ddd, J=49.2, 21.2, 3.8 Hz, 1H), 4.82-4.40 (m, 2H), 2.46-1.99 (m, 2H), 1.27—
0.91 (m, 6H); *°F NMR (376 MHz, CDCls) 6 (ppm): —138.04 (ddd, J = 70.1, 49.2, 18.2 Hz, 1F);
13C NMR (101 MHz, CDCls3) § (ppm): 166.47, 133.36, 130.09, 129.84, 128.67, 96.86 (dd, J =
256.0, 22.2 Hz), 62.57 (d, J = 3.5 Hz), 62.22 (d, J = 5.8 Hz), 52.18 (d, J = 16.3 Hz), 51.59 (d, J =
16.1 Hz), 28.17, 27.65 (d, J = 3.7 Hz), 21.33, 21.02, 19.98, 19.51. [Known compound?].

2-(Difluoromethyl)-3-methylbutyl benzoate (31). General procedure 7 o] F
with 3-methylbut-2-en-1-yl benzoate followed by flash chromatography @ OTF
(ethyl acetate/n-hexane, 1: 20) gave 31 as a colorless oil (23 mg, 24% yield).

'H NMR (400 MHz, CDCls) 6 8.17-7.95 (m, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.7 Hz,
2H), 6.01 (td, J =55.9, 3.6 Hz, 1H), 4.68-4.26 (m, 2H), 2.41-1.94 (m, 2H), 1.09 (dd, J = 13.7, 6.5
Hz, 6H); 1°F NMR (376 MHz, CDCl3) 6 —117.81 to — 128.06 (m, 2F); 3C NMR (101 MHz, CDCls)
0 166.55, 133.34, 130.14, 129.82, 128.66, 117.44 (t, J = 243.0 Hz), 60.93 (t, J = 5.6 Hz), 47.66 (t,
J=18.1 Hz), 26.88-24.05, 20.83 (s), 19.98. [Known compound?].

2-Bromo-9-(4-methylpent-3-en-1-yl)-9H-carbazole (32b). To a dried Br
round-bottomed flask equipped with a stirrer bar were added 2-bromo-9H- O
carbazole (1.23 g, 5.0 mmol, 1.0 equiv.), K2CO3 (1.38 g, 10 mmol, 2.0 equiv.) NW
and DMF (30 mL). 5-Bromo-2-methylpent-2-ene (1.63 g, 10 mmol, 2.0 Q

equiv.) was then added. The reaction mixture was stirred for 12 h at 50 °C and then water (50 mL)
and DCM (50 mL) were added. The organic phase was washed with brine, dried (Mg2S04), and

concentrated in vacuo. The residue was purified with silica gel chromatography (n-hexane) to give
32b as a white solid (1.21 g, 74% yield). Mp: 56-58 °C.
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IH NMR (400 MHz, CDCls) 6 (ppm): 8.08 (d, J = 7.8 Hz, 1H), 7.96 (d, J = 8.2 Hz, 1H), 7.59 (d,
J=1.4Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.43 (d, J = 8.2 Hz, 1H), 7.36 (dd, J = 8.2, 1.5 Hz, 1H),
7.28 (dd, J = 9.2, 5.6 Hz, 1H), 5.23 (t, J = 7.4 Hz, 1H), 4.26 (t, J = 7.4 Hz, 2H), 2.55 (4, J = 7.3
Hz, 2H), 1.67 (s, 3H), 1.47 (s, 3H); $*C NMR (101 MHz, CDCl3) ¢ 141.38, 140.68, 135.33, 126.19,
122,52, 122.09, 121.98, 121.61, 120.50, 120.26, 119.51, 119.33, 112.07, 109.10, 43.25, 27.76,
25.87, 17.80. MS (ESI) m/z: 328.1 [M+H]*. HRMS (ESI) m/z for C1gH1sN"Br [M+H]": calc’d:
328.0701; found: 328.0696.

2-Bromo-9-(3-(bromofluoromethyl)-4-methylpentyl)-9H-carbazole Br

(32a). General procedure 4 with 2-bromo-9-(4-methylpent-3-en-1-yl)-9H- O P\ -Br
carbazole followed by flash chromatography (n-hexane) gave 32a as a N«%/
colorless oil (76 mg, d.r. = 1/1, 43% yield). Q

'H NMR (400 MHz, CDCls) & (ppm): 8.04 (d, J = 7.8 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 7.55 (s,
1H), 7.49 (t, J=7.6 Hz, 1H), 7.41 (d, J = 8.2 Hz, 1H), 7.32 (d, J =8.2 Hz, 1H), 7.24 (t, J = 7.4 Hz,
1H), 6.62 (ddd, J = 49.3, 11.0, 4.0 Hz, 1H), 4.46-4.22 (m, 2H), 2.48-1.67 (m, 4H), 1.10-0.62 (m,
6H); 1°F NMR (376 MHz, CDCls) ¢ (ppm): —134.56 (ddd, J = 73.9, 49.8, 17.2 Hz, 1F); 3C NMR
(101 MHz, CDCls) & (ppm): 141.10 (d, J = 3.0 Hz), 140.43 (d, J = 1.8 Hz), 126.46, 122.62 (d, J =
1.5 Hz), 122.35 (d, J = 2.4 Hz), 122.10 (d, J = 1.2 Hz), 121.77, 120.64, 119.74 (d, J = 2.1 Hz),
119.58, 111.87, 108.97 (d, J = 4.0 Hz), 99.67 (dd, J = 254.9, 211.5 Hz), 51.35 (d, J = 16.5 Hz),
50.00 (d, J = 14.7 Hz), 43.47-41.78 (m), 29.88 (d, J = 6.7 Hz), 27.23, 25.87 (d, J = 2.6 Hz), 20.45
(d, J = 3.8 Hz), 19.47, 19.01. MS (ESI) m/z: 440.0 [M+H]*. HRMS (ESI) m/z for C1oHz1NF7°Br,
[M+H]": calc’d: 440.0025; found: 440.0022.

2-Bromo-9-(3-(difluoromethyl)-4-methylpentyl)-9H-carbazole (32). Br
F

General procedure 7 with 2-bromo-9-(4-methylpent-3-en-1-yl)-9H- O F

carbazole followed by flash chromatography (n-hexane) gave 32 as a Nﬂ%/
colorless oil (63 mg, 43% vyield). Q

'H NMR (400 MHz, CDCls) & (ppm): 7.97 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 8.3 Hz, 1H), 7.47-7.37
(m, 2H), 7.31 (d, J = 8.2 Hz, 1H), 7.25 (dd, J = 8.2, 1.5 Hz, 1H), 7.17 (t, J = 7.4 Hz, 1H), 5.81 (td,
J =56.4, 3.9 Hz, 1H), 4.58-3.91 (m, 2H), 2.07-1.60 (m, 4H), 0.82 (dd, J = 6.8, 3.8 Hz, 6H); 1°F
NMR (376 MHz, CDCls) 6 (ppm): —119.32 (ddd, J = 282.8, 78.4, 56.4, 16.1 Hz, 2F); 3C NMR
(101 MHz, CDCl3) ¢ (ppm): 141.12, 140.45, 126.45, 122.61, 122.34, 122.10, 121.77, 120.63,
119.73, 119.57, 119.05 (t, J = 242.5 Hz), 111.77, 108.92, 45.84 (t, J = 17.8 Hz), 42.34, 28.78-
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26.93 (m), 23.78, 20.11, 19.08. MS (ESI) m/z: 380.1 [M+H]*. HRMS (ESI) m/z for C1gHx1NF2*°Br
[M+H]*: calc’d: 380.0825; found: 380.0827.

5-(3-Bromo-3-fluoropropyl)-3-(3,5-dichlorophenyl)-5- O\\f’o Br
methyloxazolidine-2,4-dione (33a). General procedure 4 with ¢ Nw F
vinclozolin [3-(3,5-dichlorophenyl)-5-methyl-5-vinyloxazolidine-2,4- o

dione] followed by flash chromatography (ethyl acetate/n-hexane, 1: cl

10) gave 33a as a white solid (103 mg, d.r. = 1/1, 64% yield). Mp: 85-87 °C.

IH NMR (400 MHz, CDCls) 6 (ppm): 7.44 (dd, J = 1.7, 0.5 Hz, 2H), 7.43-7.40 (m, 1H), 6.67—
6.33 (M, 1H), 2.56-2.02 (m, 4H), 1.70 (s, 3H); °F NMR (376 MHz, CDCls) J (ppm):—125.27 to —
150.93 (m, 1F); *C NMR (101 MHz, CDCls) & (ppm): 173.20, 152.16, 135.80, 132.59, 129.33,
123.89, 93.26 (dd, J = 252.7, 4.2 Hz), 84.89, 34.10 (d, J = 20.4 Hz), 32.04 (dd, J = 7.6, 3.9 H2),
22.49 (d, J = 3.2 Hz). [Known compound®].

3-(3,5-Dichlorophenyl)-5-(3,3-difluoropropyl)-5- o] F

o)
methyloxazolidine-2,4-dione (33). General procedure 5 with wa

cl N
Vinclozolin followed by flash chromatography (ethyl acetate/n- \©/ o
hexane, 1: 10) gave 33 as a white solid (46 mg, 46% yield). Mp: 83— cl

86 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 7.53-7.34 (m, 3H), 5.89 (tt, J = 56.2, 3.9 Hz, 1H), 2.51-
1.82 (m, 4H), 1.69 (s, 3H); °F NMR (376 MHz, CDCls) § (ppm): —116.86 (dt, J = 34.0, 16.7 Hz,
2F); 13C NMR (101 MHz, CDCls) § (ppm): 173.26, 152.22, 135.83, 132.61, 129.35, 123.91, 115.79
(t, J = 240.2 Hz), 84.99, 29.26 (t, J = 5.6 Hz), 28.21 (t, J = 22.3 Hz), 22.56. [Known compound?’].

But-3-en-1-yl 3,6-dichloro-2-methoxybenzoate (34b). General procedure3 CI O

with dicamba (3,6-dichloro-2-methoxybenzoic acid) followed by flash ©iu\ 0N
0

chromatography (ethyl acetate/n-hexane, 1: 10) gave 34b as a colorless oil Me

(602 mg, 44% yield).

IH NMR (400 MHz, CDCls) & (ppm): 7.34 (d, J = 8.6 Hz, 1H), 7.11 (d, J = 8.7 Hz, 1H), 5.85 (ddt,
J=17.0,10.3, 6.7 Hz, 1H), 5.14 (dd, J = 23.3, 13.7 Hz, 2H), 4.43 (t, J = 6.8 Hz, 2H), 3.90 (s, 3H),
2.53 (g, J = 6.7 Hz, 2H); *C NMR (101 MHz, CDCls) § (ppm): 164.76, 154.00, 133.75, 131.95,
130.74,129.83, 126.93, 126.03, 117.80, 65.50, 62.47, 33.07. MS (El) m/z: 274.0 [M]". HRMS (EI)
m/z for C12H1203Cl, [M]*: calc’d: 274.0164; found: 274.0158.
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5-Bromo-5-fluoropentyl  3,6-dichloro-2-methoxybenzoate (34a). ¢ClI O Br

General  procedure 4  with  but-3-en-1-yl  3,6-dichloro-2- ©iu\ OWF
0

methoxybenzoate followed by flash chromatography (ethyl acetate/n- Me

hexane, 1: 10) gave 34a as a colorless oil (21 mg, 14% yield).

'H NMR (400 MHz, CDCl3) ¢ (ppm): 7.36 (d, J = 8.7 Hz, 1H), 7.12 (d, J = 8.6 Hz, 1H), 6.47 (dt,
J=50.3,5.2 Hz, 1H), 4.41 (t, J = 6.3 Hz, 2H), 3.91 (s, 3H), 2.44-2.11 (m, 2H), 2.00-1.75 (m, 2H),
1.75-1.62 (m, 2H); *F NMR (376 MHz, CDCl3) § (ppm): —123.67 to —145.36 (m, 1F); *C NMR
(101 MHz, CDCls) & (ppm): 164.79, 153.98, 132.02, 130.72, 129.74, 126.96, 126.06, 95.20 (d, J
= 252.5 Hz), 65.71, 62.50, 40.21 (d, J = 19.2 Hz), 27.91, 21.79 (d, J = 4.1 Hz). MS (EI) m/z: 385.9
[M]*. HRMS (EI) m/z for C13H14FO3BrCl [M]*: calc’d: 385.9487; found: 385.9500.

5,5-Difluoropentyl 3,6-dichloro-2-methoxybenzoate (34). General CI O M)F\
procedure 5 with but-3-en-1-yl 3,6-dichloro-2-methoxybenzoate ©iu\ o F
followed by flash chromatography (ethyl acetate/n-hexane, 1: 10) gave OMe

34 as a colorless oil (63 mg, 64% vyield).

'H NMR (400 MHz, CDCls) d (ppm): 7.35 (d, J = 8.7 Hz, 1H), 7.11 (d, J = 8.7 Hz, 1H), 5.82 (it,
J=56.7,4.3 Hz, 1H), 4.40 (t, J = 6.4 Hz, 2H), 3.90 (s, 3H), 2.05-1.74 (m, 4H), 1.72-1.52 (m, 2H);
F NMR (376 MHz, CDCl3) 6 (ppm): —116.01 (dt, J = 56.9, 17.6 Hz, 2F); °C NMR (101 MHz,
CDCl3) ¢ (ppm): 164.77,153.97, 131.99, 130.74, 129.71, 126.94, 126.05, 117.22 (t, J = 239.0 Hz),
65.72, 62.44, 33.74 (t, J = 21.0 Hz), 28.23, 18.82 (t, J = 5.6 Hz). MS (EI) m/z: 326.0 [M]*. HRMS
(EI) m/z for C13H14F203Cl, [M]": cale’d: 326.0288; found: 326.0280.

Allyl (S)-2-(3-benzoylphenyl)propanoate (35b). (S)-Ketoprofen o :
[(S)-2-(3-benzoylphenyl)propanoic acid; 763 mg, 3.0 mmol, 1.0 O\/\
equiv.], K2COs3 (828 mg, 6.0 mmol, 2.0 equiv.), DMF (20 mL) and °

allyl bromide (726 mg, 6.0 mmol, 2.0 equiv.) were added under argon to the reaction vessel. The
reaction vessel was capped loosely and stirred vigorously at 50 °C for 12 h. The mixture was
cooled to RT, poured onto water, and extracted with DCM (2 x 10 mL). The organic phase was
dried (Mg2SO4) and concentrated in vacuo. The residue was then purified by silica gel flash
chromatography (ethyl acetate/n-hexane, 1: 10) to give 35b as a colorless oil (628 mg, 71% yield).
!H NMR (400 MHz, CDCls) 6 (ppm): 7.83-7.74 (m, 3H), 7.68 (d, J = 7.6 Hz, 1H), 7.62-7.53 (m,
2H), 7.52-7.41 (m, 3H), 5.86 (ddt, J = 16.3, 10.8, 5.6 Hz, 1H), 5.21 (t, J = 14.2 Hz, 2H), 4.94—
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4.29 (m, 2H), 3.83 (q, J = 7.2 Hz, 1H), 1.55 (d, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) &
(ppm): 196.69, 173.91, 140.95, 138.12, 137.71, 132.71, 132.13, 131.73, 130.28, 129.47, 129.23,
128.77, 128,51, 118.42, 65.69, 45.59, 18.68. MS (ESI) m/z: 295.1 [M+H]*". HRMS (ESI) m/z for
C19H1903 [M+H]": calc’d: 295.1334; found: 295.1336.

4-Bromo-4-fluorobutyl (2S)-2-(3- o : Br
benzoylphenyl)propanoate (35a). General procedure 4 with O\/\)\F
allyl (S)-2-(3-benzoylphenyl)propanoate followed by flash °
chromatography (ethyl acetate/n-hexane, 1: 10) gave 35a as a colorless oil (73 mg, d.r. = 1/1, 45%
yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 7.86-7.72 (m, 3H), 7.68 (d, J = 7.6 Hz, 1H), 7.60 (t, J = 7.3
Hz, 1H), 7.49 (tt, J = 15.6, 7.7 Hz, 4H), 6.40 (dt, J = 50.1, 5.2 Hz, 1H), 4.22-4.02 (m, 2H), 3.81
(9, J = 7.1 Hz, 1H), 2.38-1.99 (m, 2H), 1.99-1.74 (m, 2H), 1.55 (d, J = 7.2 Hz, 3H); °F NMR
(376 MHz, CDCl3) § (ppm): —131.51 (ddt, J = 49.9, 28.0, 19.0 Hz, 1F); 3C NMR (101 MHz,
CDClIs) o (ppm): 196.62, 174.09, 140.95, 138.17, 137.67, 132.73, 131.62, 130.25, 129.36, 129.30,
128.78, 128.52, 94.75 (d, J = 252.3 Hz), 63.71, 45.57, 37.26 (d, J = 19.5 Hz), 24.43 (d, J = 5.6
Hz), 18.49. MS (ESI) m/z: 407.1 [M+H]*. HRMS (ESI) m/z for CaoH2103F°Br [M+H]*: calc’d:
407.0658; found: 407.0656.

4,4-Difluorobutyl (S)-2-(3-benzoylphenyl)propanoate o] E F
(35). General procedure 5 with allyl (S)-2-(3- O O ' O\/\)\F
benzoylphenyl)propanoate followed by flash ©
chromatography (ethyl acetate/n-hexane, 1: 10) gave 35 as a colorless oil (52 mg, 50% vyield).

'H NMR (400 MHz, CDCls) 6 (ppm): 7.85-7.73 (m, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.60 (t, I = 7.4
Hz, 1H), 7.57-7.41 (m, 4H), 6.13-5.39 (m, 1H), 4.12 (t, J = 5.7 Hz, 2H), 3.80 (g, J = 7.2 Hz, 1H),
2.01-1.66 (m, 4H), 1.54 (d, J = 7.2 Hz, 3H); *°F NMR (376 MHz, CDCl3) J (ppm): —116.32 (dt, J
= 56.6, 17.1 Hz, 2F); 3C NMR (101 MHz, CDCls) ¢ (ppm): 196.66, 174.12, 140.97, 138.17,
137.68, 132.73, 131.62, 130.24, 129.31, 128.76, 128.52, 116.81 (t, J = 239.1 Hz), 64.02, 45.58,
30.88 (t, J = 21.4 Hz), 21.55 (t, J = 5.7 Hz), 18.52. MS (ESI) m/z: 347.1 [M+H]*. HRMS (ESI) m/z
for CaoH2103F2 [M+H]™: calc’d: 347.1459; found: 347.1455.

But-3-en-1-yl (S)-2-(6-methoxynaphthalen-2-yl)propanoate

oA
(36b). General procedure 3 with naproxen [(S)-2-(6-
MeO
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methoxynaphthalen-2-yl)propanoic acid] followed by flash chromatography (ethyl acetate/n-
hexane, 1: 10) gave 36b as a white solid (1.12 g, 79% yield). Mp: 41-43 °C.

'H NMR (400 MHz, CDCl3) & (ppm): 7.86-7.61 (m, 3H), 7.42 (d, J = 8.4 Hz, 1H), 7.24-6.99 (m,
2H), 5.71 (ddt, J = 17.0, 10.3, 6.8 Hz, 1H), 5.01 (dd, J = 13.5, 9.7 Hz, 2H), 4.14 (t, J = 6.7 Hz,
2H), 3.95-3.81 (m, 4H), 2.34 (q, J = 6.7 Hz, 2H), 1.59 (d, J = 7.1 Hz, 3H); 13C NMR (101 MHz,
CDCl3) 6 (ppm): 174.79, 157.79, 135.87, 134.05, 133.86, 129.45, 129.10, 127.25, 126.48, 126.14,
119.12, 117.38, 105.74, 63.92, 55.47, 45.66, 33.23, 18.69. MS (ESI) m/z: 285.1 [M+H]". HRMS
(ESI) m/z for C1gH2103 [M+H]": calc’d: 285.1491; found: 285.1492.

5-Bromo-5-fluoropentyl (2S)-2-(6- : .
methoxynaphthalen-2-yl)propanoate (36a). General \/\/\F/
procedure 4 with but-3-en-1-yl (S)-2-(6- Me©
methoxynaphthalen-2-yl)propanoate followed by flash chromatography (ethyl acetate/n-hexane,
1: 10) gave 36a as a colorless oil (62 mg, d.r. = 1/1, 39% yield).

!H NMR (400 MHz, CDCls) 6 (ppm): 7.81-7.51 (m, 3H), 7.40 (d, J = 8.4 Hz, 1H), 7.21-7.04 (m,
2H), 6.25 (dg, J = 50.3, 5.1 Hz, 1H), 4.26-4.03 (m, 2H), 3.98-3.77 (m, 4H), 2.23-1.91 (m, 2H),
1.73-1.53 (m, 5H), 1.44 (dd, J = 14.8, 7.5 Hz, 2H); *°F NMR (376 MHz, CDCls) J (ppm): —124.02
to —141.66 (m, 1F); *C NMR (101 MHz, CDCl3) 6 (ppm): 174.83, 157.87, 133.89, 129.44, 129.11,
127.36, 126.39, 126.13, 119.24, 105.77, 95.25 (d, J = 252.4 Hz), 64.28, 55.52, 45.69, 40.13 (d, J
=21.8 Hz), 27.80, 21.71 (d, J = 4.0 Hz), 18.52. MS (ESI) m/z: 397.1 [M+H]*. HRMS (ESI) m/z
for C19H2303F°Br [M+H]*: calc’d: 397.0815; found: 397.0811.

5,5-Difluoropentyl (S)-2-(6-methoxynaphthalen-2- : .
yl)propanoate (36). General procedure 6 with naproxen \/\/\F/
followed by flash chromatography (ethyl acetate/n-hexane, Meo

1: 10) gave 36 as a colorless oil (65 mg, 64% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 7.82-7.61 (m, 3H), 7.41 (d, J = 8.4 Hz, 1H), 7.21-7.04 (m,
2H), 5.64 (tt, J = 56.8, 4.3 Hz, 1H), 4.26-4.02 (m, 2H), 4.01-3.71 (m, 4H), 2.05-1.50 (m, 7H),
1.48-1.25 (m, 2H); °F NMR (376 MHz, CDCls) 6 (ppm): —115.99 (dt, J = 57.0, 17.5 Hz, 2F); °C
NMR (101 MHz, CDCls) 6 (ppm): 174.83, 157.84, 135.86, 133.87, 129.41, 129.09, 127.32,
126.36, 126.10, 119.20, 117.20 (t, J = 238.9 Hz), 105.74, 64.32, 55.47, 45.65, 33.67 (t, J = 20.9
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Hz), 28.13, 18.76 (t, J = 5.6 Hz), 18.55. MS (ESI) m/z: 337.2 [M+H]". HRMS (ESI) m/z for
C19H2303F2 [M+H]™: calc’d: 337.1615; found: 337.1611.

(4R,4aS,6R)-6-(4-Bromo-4-fluorobutan-2-yl)-4,4a-dimethyl-4,4a,5,6,7,8
hexahydronaphthalen-2(3H)-one (37a). General procedure 4 with H Br
nootkatone [ (4R,4aS,6R)-4,4a-dimethyl-6-(prop-1-en-2-yl)- M F
4,4a,5,6,7,8-hexahydronaphthalen-2(3H)-one] followed by flash ©

chromatography (ethyl acetate/n-hexane, 1: 10) gave 37a as a colorless oil (25 mg, d.r. = 1/1, 19%
yield).

'H NMR (400 MHz, CDCls3) 6 (ppm): 6.73-6.19 (m, 1H), 5.73 (s, 1H), 2.54-2.42 (m, 1H), 2.41—
2.20 (m, 4H), 2.17-1.56 (m, 7H), 1.26-1.09 (m, 1H), 1.08-0.85 (m, 9H); °F NMR (376 MHz,
CDCl3) 6 (ppm):—123.67 to —137.34 (m, 1F); *C NMR (101 MHz, CDCl3) ¢ (ppm): 199.62,
170.52, 124.81, 124.79, 95.92 (dd, J = 251.8, 13.4 Hz), 94.30 (d, J = 252.8 Hz), 46.12-44.40 (m),
42.60 (d, J=7.6 Hz), 42.19, 41.11, 40.96, 40.68, 39.38 (d, J = 11.3 Hz), 37.75 — 37.56 (m), 37.44,
35.10 (d, J = 4.1 Hz), 34.57, 33.07 (d, J = 11.2 HZz), 29.96 (d, J = 13.3 Hz), 28.44 (d, J = 12.6 Hz),
17.09, 15.79 (dd, J = 40.9, 30.5 Hz), 15.11, 15.10. MS (ESI) m/z: 331.1 [M+H]*. HRMS (ESI) m/z
for C16H250F°Br [M+H]*: calc’d: 331.1073; found: 331.1071.

(4R,4aS,6R)-6-(4,4-Difluorobutan-2-yl)-4,4a-dimethyl-4,4a,5,6,7,8- H F
hexahydronaphthalen-2(3H)-one (37). General procedure 5 with MF
nootkatone followed by flash chromatography (ethyl acetate/n-hexane, ©

1: 10) gave 37 as a colorless oil (39 mg, d.r. = 1/1, 48% vyield).

'H NMR (400 MHz, CDCls) 6 (ppm): 6.20-5.31 (m, 2H), 2.53-2.39 (m, 1H), 2.39-2.16 (m, 3H),
2.07-1.48 (m, 8H), 1.27-1.12 (m, 1H), 1.12-1.01 (m, 3H), 1.01-0.88 (m, 6H); °F NMR (376
MHz, CDCls3) ¢ (ppm): —102.06 to —126.18 (m, 2F); 1*C NMR (101 MHz, CDCls) 6 (ppm): 199.73,
170.68, 124.83 (d, J = 2.6 Hz), 117.38 (td, J = 238.9, 4.5 Hz), 42.42 (d, J = 37.5 Hz), 41.88-40.41,
39.40 (d, J = 10.2 Hz), 38.51 (dt, J = 47.2, 20.0 Hz), 37.80, 33.12 (d, J = 10.2 Hz), 32.37, 29.96,
28.51,17.12, 16.37 (d, J = 36.6 Hz), 15.12 (d, J = 1.3 Hz). MS (ESI) m/z: 271.2 [M+H]". HRMS

(ESI) m/z for C16H2s0F, [M+H]": calc’d: 271.1873; found: 271.1873.

(1R,2S,5R)-5-methyl-2-(prop-1-en-2-yl)cyclohexyl benzoate (38b). To a )
round-bottomed flask equipped with a magnetic stirrer bar was added °

isopulegol [(1R,2S,5R)-5-methyl-2-(prop-1-en-2-yl)cyclohexan-1-ol; 771 mg, ©
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5.0 mmol, 1.0 equiv.], DMAP (916 mg, 7.5 mmol, 1.5 equiv.) and DCM (20 mL) under argon.
Benzoyl chloride (843 mg, 6.0 mmol, 1.2 equiv.) in DCM (3 mL) was then added dropwise at O
°C. The reaction mixture was then stirred at RT for 12 h, poured onto water, and extracted with
DCM (2 x 15 mL). The organic phase was dried (Mg>SQO4) and concentrated in vacuo. The residue
was purified by silica gel flash chromatography (ethyl acetate/n-hexane, 1: 20) to give 38b as a
colorless oil (1.02 g, 79% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 7.99 (d, J = 8.0 Hz, 2H), 7.52 (t, J = 7.3 Hz, 1H), 7.40 (t, J
=7.7Hz, 2H), 5.02 (td, J = 10.9, 4.4 Hz, 1H), 4.75 (d, J = 30.9 Hz, 2H), 2.29 (td, J = 11.8, 3.5 Hz,
1H), 2.16 (d, J = 12.1 Hz, 1H), 1.83-1.58 (m, 6H), 1.54-1.38 (m, 1H), 1.14 (g, J = 11.8 Hz, 1H),
1.07-0.98 (m, 1H), 0.95 (d, J = 6.5 Hz, 3H); *C NMR (101 MHz, CDCl3) 6 (ppm): 166.21, 146.35,
132.81, 131.08, 129.74, 128.42, 112.14, 74.50, 51.10, 40.69, 34.37, 31.63, 30.68, 22.25, 19.69.
MS (El) m/z: 258.1 [M]*. HRMS (EI) m/z for C17H2202 [M]": calc’d: 258.1620; found: 258.1619.

(1R,2S,5R)-2-(4-bromo-4-fluorobutan-2-yl)-5-methylcyclohexyl Bre_F

benzoate (38a). General procedure 4 with (1R,2S,5R)-5-methyl-2-(prop-1-
en-2-yl)cyclohexyl benzoate followed by flash chromatography (ethyl @(0 H
acetate/n-hexane, 1: 20) gave 38a as a colorless oil (69 mg, d.r. = 1/1, 47% ©

yield).

'H NMR (400 MHz, CDCl3) & (ppm): 8.04 (t, J = 7.7 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.44 (t, J
= 7.7 Hz, 2H), 6.68-6.24 (m, 1H), 5.18-4.70 (m, 1H), 2.70-1.86 (m, 4H), 1.83-1.38 (m, 4H),
1.33-1.03 (m, 2H), 1.00-0.59 (m, 7H); **F NMR (376 MHz, CDCl3) 6 (ppm): -122.49 — -139.50
(m, 1F); 3C NMR (101 MHz, CDCls) ¢ (ppm): 166.32—166.12 (m), 133.11-133.09 (m), 130.81—
130.75 (m), 129.83-129.76 (m), 128.60, 97.55-93.52 (m), 47.11, 46.43-45.94 (m), 45.75-45.69
(m), 44.73-43.70 (m), 41.05-40.99 (m), 34.51-34.29 (m), 31.57, 30.95-28.99 (m), 26.39-23.77
(m), 22.19-22.15 (m), 17.47-13.96. MS (ESI) m/z: 393.1 [M+Na]". HRMS (ESI) m/z for

C1sH2402F°BrNa [M+H]": calc’d: 393.0841; found: 393.0847.

(1R,2S,5R)-2-(4,4-Difluorobutan-2-yl)-5-methylcyclohexyl benzoate FF

(38). General procedure 5 with (1R,2S,5R)-5-methyl-2-(prop-1-en-2-
H
yl)cyclohexyl benzoate followed by flash chromatography (ethyl acetate/n- @(O

hexane, 1: 20) gave 38 as a colorless oil (39 mg, d.r. = 1/1, 42% yield). ©
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IH NMR (400 MHz, CDCls) § (ppm): 8.09-7.97 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, = 7.6
Hz, 2H), 5.80 (tdt, J = 56.9, 34.5, 4.7 Hz, 1H), 4.95 (td, J = 10.8, 4.3 Hz, 1H), 2.24-1.48 (m, 8H),
1.32-1.06 (m, 2H), 1.02-0.87 (m, 7H); *°F NMR (376 MHz, CDCls) & (ppm): —100.17 to ~136.43
(m, 2F); 13C NMR (101 MHz, CDCls) 6 (ppm): 166.21 (d, J = 11.0 Hz), 133.08, 130.75 (d, J = 3.9
Hz), 129.74 (d, J = 2.1 Hz), 128.59, 117.04 (dt, J = 238.5, 119.3 Hz), 74.11, 47.46, 46.09, 41.00
(d, J =5.9 Hz), 39.45 (t, J = 20.0 Hz), 37.15 (t, J = 19.9 Hz), 34.35 (d, J = 14.6 Hz), 31.57, 27.76,
26.57, 25.76, 23.76, 22.14 (d, J = 2.6 Hz), 17.82, 14.43. MS (CI) m/z: 311.1 [M+H]*. HRMS (CI)
m/z for C1gH2502F2 [M+H]": calc’d: 311.1823; found: 311.1823.

But-3-en-1-yl 3-(4,5-diphenyloxazol-2-yl)propanoate (39b). General O o
procedure 3 with oxaprozin [3-(4,5-diphenyloxazol-2-yl)propanoic acid] | N\>—/_/<o
followed by flash chromatography (ethyl acetate/n-hexane, 1: 10) gave O o Sy

39b as a white solid (1.23 g, 71% yield). Mp: 51-53 °C.

IH NMR (400 MHz, CDCls) & (ppm): 7.63 (dt, J = 3.6, 2.0 Hz, 2H), 7.57 (dt, J = 8.4, 2.1 Hz, 2H),
7.40-7.27 (m, 6H), 5.78 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.22-4.94 (m, 2H), 4.19 (t, J = 6.7 Hz,
2H), 3.19 (t, J = 7.5 Hz, 2H), 2.92 (t, J = 7.6 Hz, 2H), 2.40 (g, J = 6.7 Hz, 2H); *C NMR (101
MHz, CDCls) ¢ (ppm): 172.15, 161.93, 145.60, 135.33, 134.08, 132.66, 129.19, 128.82, 128.73,
128.63, 128.24, 128.08, 126.66, 117.48, 64.01, 33.23, 31.34, 23.75. MS (ESI) m/z: 348.2 [M+H]".
HRMS (ESI) m/z for C22H22NO3 [M+H]*: calc’d: 348.1600; found: 348.1596.

5-Bromo-5-fluoropentyl 3-(4,5-diphenyloxazol-2- O
yl)propanoate (39a). General procedure 4 with but-3-en-1-yl 3- | N\>—/_/<o 5
r

4,5-diphenyloxazol-2-yl)propanoate ~ followed b flash o
(4,5-dipheny yhprop y O Wt
chromatography (ethyl acetate/n-hexane, 1. 10) gave 39a as a

colorless oil (56 mg, 30% vyield).

'H NMR (400 MHz, CDCls) § (ppm): 7.68-7.61 (m, 2H), 7.61-7.54 (m, 2H), 7.44-7.29 (m, 6H),
6.39 (dt, J = 50.3, 5.3 Hz, 1H), 4.15 (t, J = 6.3 Hz, 2H), 3.19 (t, J = 7.4 Hz, 2H), 2.92 (t, J = 7.5
Hz, 2H), 2.43-2.00 (m, 2H), 1.81-1.64 (m, 2H), 1.65-1.40 (m, 2H); 1°F NMR (376 MHz, CDCls)
5 (ppm): —119.98 to —149.68 (m, 1F); **C NMR (101 MHz, CDCls) § (ppm): 172.17, 161.89,
145.61, 135.32, 132.63, 129.16, 128.84, 128.75, 128.67, 128.27, 128.06, 126.66, 95.25 (d, J =
252.4 Hz), 64.38, 40.21 (d, J = 19.1 Hz), 31.31, 27.91, 23.73, 21.81 (d, J = 3.8 Hz). MS (ESI) m/z:
460.1 [M+H]*. HRMS (ESI) m/z for C23H24NO3F°Br [M+H]": calc’d: 460.0924; found: 460.0929.
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5,5-Difluoropentyl 3-(4,5-diphenyloxazol-2-yl)propanoate (39). O
General procedure 5 with but-3-en-1-yl 3-(4,5-diphenyloxazol-2- | N\>—/_/<o -

yl)propanoate followed by flash chromatography (ethyl acetate/n- O o <_/_<
) ) F
hexane, 1: 10) gave 39 as a colorless oil (53 mg, 44% vyield).

IH NMR (400 MHz, CDCl3) § 7.63 (dd, J = 8.0, 1.3 Hz, 2H), 7.57 (dd, J = 8.0, 1.4 Hz, 2H), 7.45—
7.28 (M, 6H), 5.75 (tt, J = 56.7, 4.4 Hz, 1H), 4.15 (t, J = 6.4 Hz, 2H), 3.19 (t, J = 7.4 Hz, 2H), 2.92
(t, J = 7.5 Hz, 2H), 1.90-1.61 (m, 4H), 1.61-1.42 (m, 2H); °F NMR (376 MHz, CDCl3) & (ppm):
~115.96 (dt, J = 34.6, 17.6 Hz, 2F); 3C NMR (101 MHz, CDCls) 6 (ppm): 172.19, 161.90, 145.61,
135.32, 132.64, 129.17, 128.84, 128.74, 128.67, 128.26, 128.06, 126.66, 117.22 (t, J = 238.9 Hz),
64.43, 33.77 (t, J = 20.9 Hz), 31.30, 28.27, 23.73, 18.89 (t, J = 5.7 Hz). MS (ESI) m/z; 400.2
[M+H]*. HRMS (ESI) m/z for C23H2aNOsF2 [M+H]*: calc’d: 400.1724; found: 400.1727.

But-3-en-1-yl 3-(5-(2-fluorophenyl)-1,2,4-oxadiazol-3-yl)benzoate N

(40b). General procedure 3 with ataluren [3-(5-(2-fluorophenyl)-1,2,4- R o~,?,>/Q/¢o
oxadiazol-3-yl)benzoic acid] followed by flash chromatography (ethyl ©)N 0
acetate/n-hexane, 1: 10) gave 40b as a white solid (1.28 g, 66% yield). \/7
Mp: 62-64 °C.

'H NMR (400 MHz, CDCl3) ¢ (ppm): 8.84 (t, J = 1.5 Hz, 1H), 8.37 (dt, J = 7.8, 1.4 Hz, 1H), 8.32—
8.10 (m, 2H), 7.76-7.52 (m, 2H), 7.46-7.14 (m, 2H), 5.90 (ddt, J = 17.0, 10.2, 6.8 Hz, 1H), 5.36—
5.05 (m, 2H), 4.43 (t, J = 6.8 Hz, 2H), 2.84-2.36 (m, 2H); **F NMR (376 MHz, CDCls3) § —94.59
to — 122.76 (m, 1F); 3C NMR (101 MHz, CDCls3) 6 (ppm): 173.24 (d, J = 4.4 Hz), 168.29, 166.01,
161.01 (d, J = 260.6 Hz), 134.93 (d, J = 8.7 Hz), 134.09, 132.41, 131.94, 131.43, 131.17, 129.24,
128.91, 127.42, 124.94 (d, J = 3.7 Hz), 117.72, 117.39 (d, J = 20.8 Hz), 112.92 (d, J = 11.6 Hz),
64.52, 33.38. MS (ESI) m/z: 339.1 [M+H]". HRMS (ESI) m/z for C19H16N203F [M+H]": calc’d:
339.1145; found: 339.1141.

5-Bromo-5-fluoropentyl 3-(5-(2-fluorophenyl)-1,2,4-oxadiazol-3- N

(O XN
yl)benzoate (40a). General procedure 4 with but-3-en-1-yl 3-(5-(2- R =N o
fluorophenyl)-1,2,4-oxadiazol-3-yl)benzoate  followed by flash

Br}/\)
chromatography (ethyl acetate/n-hexane, 1: 10) gave 40a as a colorless
oil (86 mg, 48% yield).
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'H NMR (400 MHz, CDCls) 6 (ppm): 8.83 (t, J = 1.5 Hz, 1H), 8.48-8.33 (m, 1H), 8.33-8.15 (m,
2H), 7.76-7.51 (m, 2H), 7.51-7.16 (m, 2H), 6.52 (dt, J = 50.3, 5.3 Hz, 1H), 4.41 (t, J = 6.5 Hz,
2H), 2.57-2.16 (m, 2H), 1.98-1.82 (m, 2H), 1.82-1.67 (m, 2H); *°F NMR (376 MHz, CDCls) §
(ppm): —102.06 to —118.16 (m, 1F), —118.16 to —138.59 (m, 1F); *C NMR (101 MHz, CDCl3) §
(ppm): 173.24, 168.24, 166.01, 160.99 (d, J = 260.9 Hz), 134.95 (d, J = 8.5 Hz), 132.40, 132.01,
131.30, 131.18, 129.29, 128.87, 127.46, 124.95 (d, J = 3.7 Hz), 117.39 (d, J = 21.0 Hz), 112.88
(d, J = 11.5 Hz), 95.30 (d, J = 252.4 Hz), 64.90, 40.28 (d, J = 19.1 Hz), 28.05, 21.95 (d, J = 3.8
Hz) ppm. MS (ESI) m/z: 451.0 [M+H]*. HRMS (ESI) m/z for Ca0H1sN203F2"°Br [M+H]": calc’d:
451.0469; found: 451.0474.

5,5-Difluoropentyl 3-(5-(2-fluorophenyl)-1,2,4-oxadiazol-3- N

yl)benzoate (40). General procedure 5 with but-3-en-1-yl 3-(5-(2- R O\,?/Q/;o
fluorophenyl)-1,2,4-oxadiazol-3-yl)benzoate ~ followed by flash 5 E
chromatography (ethyl acetate/n-hexane, 1: 10) gave 40 as a colorless oil >/\/>
(52 mg, 44% vyield).

'H NMR (400 MHz, CDCls) ¢ (ppm): 8.83 (s, 1H), 8.38 (d, J = 7.8 Hz, 1H), 8.31-8.12 (m, 2H),
7.73-7.52 (m, 2H), 7.48-7.11 (m, 2H), 5.86 (it, J = 56.7, 4.3 Hz, 1H), 4.40 (t, J = 6.5 Hz, 2H),
2.21-1.80 (m, 4H), 1.80-1.48 (m, 2H); °F NMR (376 MHz, CDCls) § (ppm): —104.84 to —111.33
(m, 1F), -115.99 (dt, J =56.9, 17.5 Hz, 2F); *3C NMR (101 MHz, CDCls) 6 (ppm): 173.26, 168.27,
166.05, 161.02 (d, J = 260.8 Hz), 134.97 (d, J = 8.7 Hz), 132.41, 132.02, 131.33, 131.19, 129.31,
128.88, 127.47,124.96 (d, J = 3.8 Hz), 117.36 (t, J = 239.0 Hz), 117.29 (d, J = 1.7 Hz), 112.91 (d,
J =11.2 Hz), 64.98, 33.90 (t, J = 21.0 Hz), 28.44, 19.05 (t, J = 5.7 Hz). MS (ESI) m/z: 391.1
[M+H]". HRMS (ESI) m/z for C20H1gN203F3 [M+H]": calc’d: 391.1270; found: 391.1277.

But-3-en-1-yl 2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indol-1- 0. O
yl)acetate (41b). General procedure 3 with etodolac [2-(1,8-diethyl- NH \/W
1,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetic acid] followed by flash % 5
chromatography (ethyl acetate/n-hexane, 1: 10) gave 41b as a colorless

oil (1.32 g, 77% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 9.11 (s, 1H), 7.38 (d, J = 7.7 Hz, 1H), 7.16-6.95 (m, 2H),
5.78 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.11 (ddd, J = 11.6, 6.6, 1.4 Hz, 2H), 4.34-3.82 (m, 4H),
3.09-2.64 (m, 6H), 2.41 (g, J = 6.7 Hz, 2H), 2.09 (dtd, J = 32.6, 14.5, 7.3 Hz, 2H), 1.40 (t, J= 7.6
Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H); *C NMR (101 MHz, CDCls3) § (ppm): 173.00, 136.25, 134.66,
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133.84, 126.80, 126.38, 120.56, 119.77, 117.70, 116.13, 108.53, 74.79, 64.18, 60.81, 43.19, 33.15,
30.83, 24.41, 22.61, 13.97, 7.79. MS (ESI) m/z: 342.2 [M+H]*. HRMS (ESI) m/z for C21H2sNO3
[M+H]": calc’d: 342.2069; found: 342.2068.

5-Bromo-5-fluoropentyl 2-(1,8-diethyl-1,3,4,9- 0w 0
tetrahydropyrano[3,4-b]indol-1-yl)acetate (41a). General procedure 4 NH \F;j
with but-3-en-1-yl 2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-bJindol- ¢ o Br

1-yl)acetate followed by flash chromatography (ethyl acetate/n-hexane,

1: 10) gave 41a as a colorless oil (69 mg, d.r. = 1/1, 38% yield).

'H NMR (400 MHz, CDCl3) & (ppm): 9.01 (s, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.16-6.95 (m, 2H),
6.42 (dtd, J = 50.3, 5.3, 2.2 Hz, 1H), 4.31-3.71 (m, 4H), 3.34-2.54 (m, 6H), 2.40-1.89 (m, 4H),
1.87-1.50 (m, 4H), 1.39 (t, J = 7.6 Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H); °F NMR (376 MHz, CDCl5)
d (ppm): —131.09 (ddd, J = 50.3, 37.4, 18.3 Hz, 1F); *C NMR (101 MHz, CDCls) J (ppm): 172.94,
136.09, 134.66, 126.77, 126.38, 120.61, 119.83, 116.17, 108.66, 95.17 (d, J = 253.5 Hz), 74.83,
64.56, 60.84, 43.25, 40.18 (d, J = 18.9 Hz), 30.97, 27.81, 24.40, 22.59, 21.79 (d, J = 4.0 Hz), 13.98,
7.82. MS (ESI) m/z: 454.1 [M+H]*. HRMS (ESI) m/z for C22H3oNOsF"®Br [M+H]": calc’d:
454.1393; found: 454.1391.

5,5-Difluoropentyl 2-(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-
00O
blindol-1-yl)acetate (41). General procedure 6 with but-3-en-1-yl 2- NH \F;j
(1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetate followed Y L
0
orless

by flash chromatography (ethyl acetate/n-hexane, 1: 10) gave 41 as a col

oil (72 mg, 61% yield).

'H NMR (400 MHz, CDCl3) & (ppm): 9.05 (s, 1H), 7.40 (d, J = 7.6 Hz, 1H), 7.19-6.89 (m, 2H),
5.79 (tt, J = 56.7, 4.3 Hz, 1H), 4.35-3.82 (m, 4H), 3.24-2.63 (m, 6H), 2.30-1.97 (m, 2H), 1.93—
1.77 (m, 2H), 1.75-1.65 (m, 2H), 1.57-1.47 (m, 2H), 1.41 (t, J = 7.6 Hz, 3H), 0.88 (t, J = 7.3 Hz,
3H); F NMR (376 MHz, CDCls) ¢ (ppm): —116.01 (dt, J = 56.9, 17.6 Hz, 2F); 3C NMR (101
MHz, CDCl3) 6 (ppm): 172.95, 136.09, 134.65, 126.76, 126.37, 120.59, 119.80, 117.16 (t, J =
239.0 Hz), 116.14, 108.62, 74.82, 64.59, 60.80, 43.21, 33.74 (t, J = 21.0 Hz), 30.92, 28.14, 24.38,
22.57, 18.84 (t, J = 5.7 Hz), 13.95, 7.78. MS (ESI) m/z: 394.2 [M+H]*. HRMS (ESI) m/z for
C22H30NO3sF2 [M+H]": calc’d: 394.2194; found: 394.2201.
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But-3-en-1-yl 2-(3-cyano-4-isobutoxyphenyl)-4-

methylthiazole-5-carboxylate (42b). General procedure 3 )\/0

with  febuxostat  [2-(3-cyano-4-isobutoxyphenyl)-4- NCD\WS/ O
methylthiazole-5-carboxylic acid] followed by flash Nﬂof\,/
chromatography (ethyl acetate/n-hexane, 1: 10) gave 42b as a white solid (1.52 g, 82% yield). Mp:
104-106 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 8.13 (d, J = 1.8 Hz, 1H), 8.05 (dd, J = 8.8, 1.8 Hz, 1H), 6.98
(d, J = 8.9 Hz, 1H), 5.83 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H), 5.13 (dd, J = 20.4, 13.7 Hz, 2H), 4.33
(t, J = 6.6 Hz, 2H), 3.87 (d, J = 6.5 Hz, 2H), 2.72 (s, 3H), 2.49 (q, J = 6.5 Hz, 2H), 2.18 (dp, J =
13.2, 6.6 Hz, 1H), 1.07 (d, J = 6.7 Hz, 6H); 13C NMR (101 MHz, CDCls3) ¢ (ppm): 167.34, 162.60,
162.07, 161.28, 133.87, 132.67, 132.14, 126.10, 121.95, 117.77, 115.51, 112.75, 103.05, 75.82,
64.47, 33.24, 28.29, 19.18, 17.64. MS (ESI) m/z: 371.1 [M+H]*. HRMS (ESI) m/z for
C20H23N203%2S [M+H]*: calc’d: 371.1429; found: 371.1423.

5-Bromo-5-fluoropentyl 2-(3-cyano-4-isobutoxyphenyl)- )\/O
4-methylthiazole-5-carboxylate (42a). General procedure 4 :@\( s O Br
with but-3-en-1-yl 2-(3-cyano-4-isobutoxyphenyl)-4- ne ,\} ﬁog
methylthiazole-5-carboxylate followed by flash

chromatography (ethyl acetate/n-hexane, 1: 10) gave 42a as a white solid (92 mg, 48% yield). Mp:
99-101 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 8.17 (d, J = 1.8 Hz, 1H), 8.08 (dd, J = 8.8, 1.8 Hz, 1H), 7.00
(d, J =8.9 Hz, 1H), 6.50 (dt, J =50.3, 5.2 Hz, 1H), 4.32 (t, J = 6.3 Hz, 2H), 3.89 (d, J = 6.5 Hz,
2H), 2.76 (s, 3H), 2.44-2.08 (m, 3H), 1.95-1.74 (m, 2H), 1.74-1.63 (m, 2H), 1.08 (d, J = 6.7 Hz,
6H); °F NMR (376 MHz, CDCls) 6 (ppm): —122.76 to —143.54 (m, 1F); *C NMR (101 MHz,
CDClIs) 6 (ppm): 167.49, 162.72, 162.16, 161.54, 132.75, 132.29, 126.15, 121.77, 115.57, 112.82,
103.18, 96.47, 93.95, 75.90, 64.90, 40.21 (d, J = 19.3 Hz), 28.35, 27.98, 21.91 (d, J = 3.8 Hz),

19.24, 17.70. MS (ESI) m/z: 483.1 [M+H]*. HRMS (ESI) m/z for C21H25N203F*2S"°Br [M+H]*:
calc’d: 483.0753; found: 483.0755.

5,5-Difluoropentyl 2-(3-cyano-4-isobutoxyphenyl)-4- )\/O

methylthiazole-5-carboxylate (42). General procedure 5 D\KS o F
NC F
with but-3-en-1-yl 2-(3-cyano-4-isobutoxyphenyl)-4- N Q



methylthiazole-5-carboxylate followed by flash chromatography (ethyl acetate/n-hexane, 1: 10)
gave 42 as a white solid (65 mg, 51% yield). Mp: 100-102 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 8.16 (d, J = 2.1 Hz, 1H), 8.08 (dd, J = 8.8, 2.1 Hz, 1H), 7.00
(d, J = 8.9 Hz, 1H), 5.84 (tt, J = 56.7, 4.3 Hz, 1H), 4.31 (t, J = 6.4 Hz, 2H), 3.89 (d, J = 6.5 Hz,
2H), 2.75 (s, 3H), 2.20 (dt, J = 13.3, 6.6 Hz, 1H), 2.03-1.82 (m, 4H), 1.71-1.55 (m, 2H), 1.08 (d,
J = 6.7 Hz, 6H); °F NMR (376 MHz, CDCls) J (ppm): —116.07 (dt, J = 56.9, 17.5 Hz, 2F); *C
NMR (101 MHz, CDCl3) o (ppm): 167.47, 162.71, 162.17, 161.52, 132.75, 132.28, 126.15,
121.77, 117.18 (t, J = 239.0 Hz), 115.56, 112.81, 103.18, 75.89, 64.93, 33.80 (t, J = 21.1 Hz),
28.34, 19.23, 18.95 (t, J = 5.7 Hz), 17.68. MS (ESI) m/z: 423.2 [M+H]*. HRMS (ESI) m/z for
C21H25N203F2%2S [M+H]": calc’d: 423.1554; found: 423.1557.

4-(3-(But-3-en-1-yl)-4,4-dimethyl-2,5-dioxoimidazolidin-1-yl)-2- CFs
(trifluoromethyl)benzonitrile (43b). General procedure 3 with RU NC o}

56279 [4-(4,4-dimethyl-2,5-dioxoimidazolidin-1-yl)-2- NJ(N
(trifluoromethyl)benzonitrile] on a 3.0 mmol scale followed by flash 0)\&\/\\

chromatography (ethyl acetate/n-hexane, 1: 3) gave 43b as a white solid (637 mg, 60% yield). Mp:
96-98 °C.

'H NMR (400 MHz, CDCls3) & (ppm): 8.15 (s, 1H), 8.00 (dd, J = 8.5, 1.3 Hz, 1H), 7.90 (d, J = 8.4
Hz, 1H), 5.80 (ddt, J = 17.1, 10.2, 6.9 Hz, 1H), 5.12 (t, J = 12.8 Hz, 2H), 3.96-2.87 (m, 2H), 2.47
(dd, J =14.8, 7.2 Hz, 2H), 1.53 (s, 6H); °F NMR (376 MHz, CDCls) § (ppm): —63.72 (s, 3F); 13C
NMR (101 MHz, CDCls) ¢ (ppm): 174.77, 152.93, 136.68, 135.42, 134.41, 133.71 (q, J = 33.3
Hz), 128.05, 123.12 (q, J =4.9 Hz), 122.15 (q, J = 274.1 Hz), 117.91, 115.22, 108.31, 62.01, 40.02,
33.81, 23.70. MS (ESI) m/z: 352.1 [M+H]*. HRMS (ESI) m/z for C17H17N302F3 [M+H]*: calc’d:
352.1273; found: 352.1271.

4-(3-(5-Bromo-5-fluoropentyl)-4,4-dimethyl-2,5- CF;3
dioxoimidazolidin-1-yl)-2-(trifluoromethyl)benzonitrile (43a). 0

General procedure 4 with 4-(3-(but-3-en-1-yl)-4,4-dimethyl-2,5- NJ(N Br
dioxoimidazolidin-1-yl)-2-(trifluoromethyl)benzonitrile followed O)\ﬁe\/\/g

by flash chromatography (ethyl acetate/n-hexane, 1: 3) gave 43a as a colorless oil (153 mg, 82%
yield).
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'H NMR (400 MHz, CDCl3) 6 (ppm): 8.14 (s, 1H), 8.00 (dd, J = 8.5, 1.4 Hz, 1H), 7.90 (d, J = 8.4
Hz, 1H), 6.48 (dt, J = 50.2, 5.1 Hz, 1H), 3.57-3.13 (m, 2H), 2.56-2.06 (m, 2H), 1.87-1.73 (m,
2H), 1.68-1.57 (m, 2H), 1.53 (s, 6H); F NMR (376 MHz, CDCls3) § (ppm): —63.72 (s, 3F), -
132.94 (dt, J = 50.3, 19.1 Hz, 1F); 13C NMR (101 MHz, CDCls) & (ppm): 174.68, 153.02, 136.62,
135.45, 133.72 (g, J = 33.1 Hz), 128.06, 123.13 (q, J = 4.9 Hz), 122.14 (q, J = 274.2 Hz), 115.20,
108.38, 95.10 (d, J = 252.4 Hz), 62.05, 40.16, 39.98 (d, J = 19.1 Hz), 28.75, 23.66, 22.60 (d, J =
3.8 Hz). MS (ESI) m/z: 481.1 [M+NHJ]*. HRMS (ESI) m/z for CigH22N4O2Fa™Br [M+NHa]*:
calc’d: 481.0862; found: 481.0861.

4-(3-(5,5-Difluoropentyl)-4,4-dimethyl-2,5-dioxoimidazolidin- CF;3
1-yD)-2-(trifluoromethyl)benzonitrile (43). General procedure 6 NC\@\ o)

with 4-(3-(but-3-en-1-yl)-4,4-dimethyl-2,5-dioxoimidazolidin-1- NJ(N .
yl)-2-(trifluoromethyl)benzonitrile followed by flash OHhF
chromatography (ethyl acetate/n-hexane, 1: 3) gave 43 as a colorless oil (54 mg, 45% yield).

!H NMR (400 MHz, CDCls3) 6 (ppm): 8.14 (s, 1H), 8.00 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 8.4 Hz,
1H), 5.83 (tt, J = 56.7, 4.2 Hz, 1H), 3.46-3.24 (m, 2H), 2.04-1.71 (m, 4H), 1.63-1.42 (m, 8H); 1°F
NMR (376 MHz, CDCls) 6 (ppm): —63.72 (s, 3F), —117.85 (dt, J = 56.6, 17.7 Hz, 2F); 3C NMR
(101 MHz, CDCl3) 6 (ppm): 174.71, 153.03, 136.64, 135.45, 133.72 (g, J = 33.4 Hz), 128.06,
123.14 (q, J = 4.7 Hz), 122.15 (q, J = 274.1 Hz), 117.07 (t, J = 239.0 Hz), 115.21, 108.35, 62.05,

40.19, 33.64 (t, J = 21.0 Hz), 29.12, 23.64, 19.67 (t, J = 5.5 Hz). MS (ESI) m/z: 426.1 [M+Na]".
HRMS (ESI) m/z for C1sH1sNsO2FsNa [M+Na]*: calc’d: 426.1217; found: 426.1210.

2-(1-(But-3-en-1-yl)-2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione o)
(44b). General procedure 3 with thalidomide [2-(2,6-dioxopiperidin-3- @QN&O

N —
yl)isoindoline-1,3-dione] followed by flash chromatography (ethyl o O NIV

acetate/n-hexane, 1: 4) gave 44b as a white solid (962 mg, 62% yield). Mp: 126-128 °C.

'H NMR (400 MHz, CDCl3) d (ppm): 7.93-7.81 (m, 2H), 7.81-7.69 (m, 2H), 5.74 (ddt, J = 17.2,
10.1, 7.1 Hz, 1H), 5.36-4.78 (m, 4H), 4.15-3.72 (m, 2H), 3.09-2.87 (m, 1H), 2.87-2.63 (m, 2H),
2.31(q, J=7.2 Hz, 2H), 2.18-1.87 (m, 1H); 3C NMR (101 MHz, CDCls) & (ppm): 171.03, 168.63,
167.62, 134.93, 134.62, 132.00, 123.94, 117.40, 50.39, 39.91, 32.40, 32.25, 22.18. MS (ESI) m/z:
313.1 [M+H]*. HRMS (ESI) m/z for C17H17N204 [M+H]": calc’d: 313.1188; found: 313.1185.
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2-(1-(5-Bromo-5-fluoropentyl)-2,6-dioxopiperidin-3- o)
yDisoindoline-1,3-dione (44a). General procedure 4 with 2-(1- @QN&O
(but-3-en-1-yl)-2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione o O N\_/_>,F
followed by flash chromatography (ethyl acetate/n-hexane, 1: 4)

gave 44a as a colorless oil (78 mg, d.r. = 1/1, 46% yield).

'H NMR (400 MHz, CDCls) ¢ (ppm): 7.94-7.80 (m, 2H), 7.81-7.69 (m, 2H), 6.44 (dtd, J = 50.3,
5.4, 2.0 Hz, 1H), 4.98 (dd, J = 12.4, 5.4 Hz, 1H), 4.02-3.68 (m, 2H), 3.04-2.86 (m, 1H), 2.86—
2.66 (m, 2H), 2.49-1.98 (m, 3H), 1.78-1.40 (m, 4H); °F NMR (376 MHz, CDClz) ¢ (ppm): —
124.30 to —143.54 (m, 1F); °C NMR (101 MHz, CDCls) 6 (ppm): 171.02, 168.72, 167.58, 134.64,
131.92, 123.93, 95.43 (dd, J = 252.3, 6.8 Hz), 50.27, 40.21, 40.18 (dd, J = 18.9, 3.1 Hz), 32.13,
26.94, 22.45 (d, J = 4.1 Hz), 22.21. MS (ESI) m/z: 425.1 [M+H]*. HRMS (ESI) m/z for
Ci1sH19N204F°Br [M+H]": calc’d: 425.0512; found: 425.0517.

2-(1-(5,5-Difluoropentyl)-2,6-dioxopiperidin-3-yl)isoindoline- 0

1,3-dione (44). General procedure 5 with 2-(1-(but-3-en-1-yl)- @QN&Q
2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione followed by flash Y N\_/_>,F
chromatography (ethyl acetate/n-hexane, 1: 4) gave 44 as a
colorless oil (62 mg, 57% vyield).

'H NMR (400 MHz, CDCls3) 6 (ppm): 7.88 (dt, J = 7.0, 3.5 Hz, 2H), 7.80-7.68 (m, 2H), 5.79 (t,
J =56.8, 4.5 Hz, 1H), 5.19-4.70 (m, 1H), 4.07-3.59 (m, 2H), 3.10-2.87 (m, 1H), 2.87-2.64 (m,
2H), 2.34-2.05 (m, 1H), 2.04-1.75 (m, 2H), 1.75-1.55 (m, 2H), 1.55-1.34 (m, 2H); 1°F NMR (376
MHz, CDCls) 6 (ppm):—109.45 to —129.88 (m, 2F); *C NMR (101 MHz, CDCls) § (ppm): 171.03,
168.72, 167.60, 134.65, 131.97, 123.96, 117.35 (t, J = 239.0 Hz), 50.31, 40.31, 33.79 (t, J = 21.0

Hz), 32.17, 27.37, 22.24, 19.62 (t, J = 5.7 Hz). MS (ESI) m/z: 365.1 [M+H]*. HRMS (ESI) m/z for
C18H19N204F2 [M+H]™: calc’d: 365.1313; found: 365.1308.

3-(But-3-en-1-yloxy)-1,5-bis(4-methoxyphenyl)-1H-1,2,4-triazole 0
(45b). General procedure 3 with 1,5-bis(4-methoxyphenyl)-1H-1,2,4- \©\N’N\
triazol-3-ol followed by flash chromatography (ethyl acetate/n-hexane, \N>_ O/_/>
1: 4) gave 45b as a white solid (1.08 g, 61% yield). Mp: 90-92 °C. - /©)\

'H NMR (400 MHz, CDCls) 6 (ppm): 7.42 (d, J = 8.7 Hz, 2H), 7.27 (d,

J =8.8 Hz, 2H), 6.91 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.93 (ddt, J = 17.0, 10.2, 6.7

0]
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Hz, 1H), 5.14 (dd, J = 33.7, 13.7 Hz, 2H), 4.38 (t, J = 6.8 Hz, 2H), 3.84 (s, 3H), 3.79 (s, 3H), 2.59
(g, J = 6.6 Hz, 2H); 3C NMR (101 MHz, CDCl3) 6 (ppm): 167.79, 160.93, 159.80, 153.15, 134.37,
131.64,130.42,127.28,120.36, 117.32,114.71, 114.01, 68.88, 55.72, 55.46, 33.74. MS (ESI) m/z:
353.2 [M+H]*. HRMS (ESI) m/z for C20H22N303 [M+H]": calc’d: 352.1661; found: 352.1657.

3-((5-Bromo-5-fluoropentyl)oxy)-1,5-bis(4-methoxyphenyl)- _0
1H-1,2,4-triazole (45a). General procedure 4 with 3-(but-3-en-1-

.,
yloxy)-1,5-bis(4-methoxyphenyl)-1H-1,2,4-triazole followed by \N\>—o
Br
F

flash chromatography (ethyl acetate/n-hexane, 1: 4) gave 45a as a -

colorless oil (72 mg, 39% yield). ©

'H NMR (400 MHz, CDCls) 6 (ppm): 7.42 (d, J = 8.7 Hz, 2H), 7.27 (d, J = 8.8 Hz, 2H), 6.92 (d,
J =8.8 Hz, 2H), 6.82 (d, J = 8.7 Hz, 2H), 6.48 (dt, J = 50.3, 5.4 Hz, 1H), 4.35 (t, J = 6.2 Hz, 2H),
3.84 (s, 3H), 3.80 (s, 3H), 2.48-2.13 (m, 2H), 2.05-1.83 (m, 2H), 1.81-1.66 (m, 2H); °F NMR
(376 MHz, CDCls) & (ppm): —130.62 (ddd, J = 50.4, 20.2, 17.8 Hz, 1F); 3C NMR (101 MHz,
CDCl3) 6 (ppm): 167.79, 160.99, 159.85, 153.23, 131.62, 130.43, 127.30, 120.31, 114.75, 114.06,
95.50 (d, J = 252.4 Hz), 69.04, 55.75, 55.48, 40.41 (d, J = 19.0 Hz), 28.43, 21.91 (d, J = 3.9 Hz).
MS (ESI) m/z: 464.1 [M+H]*. HRMS (ESI) m/z for C21H24N303F"°Br [M+H]*: calc’d: 464.0985;

found: 464.0985.

3-((5,5-Difluoropentyl)oxy)-1,5-bis(4-methoxyphenyl)-1H-1,2,4- _-O

triazole (45). General procedure 5 with 3-(but-3-en-1-yloxy)-1,5- \©\N’N\
bis(4-methoxyphenyl)-1H-1,2 4-triazole ~ followed by  flash \N>_O/_§7
chromatography (ethyl acetate/n-hexane, 1: 4) gave 45 as a colorless -0 . F
oil (68 mg, 56% yield).

'H NMR (400 MHz, CDCl3) & (ppm): 7.42 (d, J = 8.8 Hz, 2H), 7.26 (d, J = 8.8 Hz, 2H), 6.91 (d,
J=8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 5.82 (tt, J = 56.8, 4.4 Hz, 1H), 4.34 (t, J = 6.2 Hz, 2H),
3.84 (s, 3H), 3.79 (s, 3H), 2.07-1.81 (m, 4H), 1.81-1.53 (m, 2H); **F NMR (376 MHz, CDCls) §
(ppm): —115.78 (dt, J = 34.5, 17.5 Hz, 2F); *C NMR (101 MHz, CDClIs) 6 (ppm): 167.81, 160.99,
159.85, 153.22, 131.62, 130.43, 127.31, 120.32, 118.65 (d, J = 239.0 Hz), 114.75, 114.05, 69.07,
55.75, 55.48, 33.93 (t, J = 20.8 Hz), 28.78, 18.97 (t, J = 5.7 Hz). MS (ESI) m/z: 404.2 [M+H]".
HRMS (ESI) m/z for C21H24N303F2 [M+H]": calc’d: 404.1786; found: 404.1791.

S49



3-Methylbut-2-en-1-yl  4-(N,N-dipropylsulfamoyl)benzoate o) “)\
(46b). To a dried round-bottomed flask equipped with a stirrer o ﬁo 7
bar were added probenecid [4-(N,N-dipropylsulfamoyl)benzoic \/\N/\S\b

acid; 1.43 g, 5.0 mmol, 1 equiv.], K2COs (1.38 g, 10 mmol, 2.0 H

equiv.) and DMF (30 mL). 5-Bromo-2-methylpent-2-ene (1.49

g, 10 mmol, 2.0 equiv.) was then added. The reaction mixture was stirred for 12 h at 50 °C and
then water (50 mL) and DCM (50 mL) were added. The organic phase was washed with brine,
dried (M@2SOs4), and concentrated in vacuo. The residue was purified with silica gel
chromatography (ethyl acetate/n-hexane, 1: 10) to give 46b as a colorless oil (1.58 g, 89% vyield).
!H NMR (400 MHz, CDCls) 6 (ppm): 8.14 (d, J = 8.4 Hz, 12H), 7.84 (d, J = 8.4 Hz, 2H), 5.45 (t,
J=7.3Hz, 1H), 4.83 (d, J = 7.2 Hz, 4H), 3.31-2.88 (m, 4H), 1.77 (d, J = 6.3 Hz, 6H), 1.63-1.33
(m, 4H), 0.84 (t, J = 7.4 Hz, 6H); 1*C NMR (101 MHz, CDCls) 6 (ppm): 165.46, 144.25, 140.04,
133.99, 130.38, 127.10, 118.34, 62.63, 50.06, 25.97, 22.06, 18.29, 11.31 ppm. MS (ESI) m/z: 354.2
[M+H]*". HRMS (ESI) m/z for C1gH2sNO4%2S [M+H]": calc’d: 354.1733; found: 354.1739.

2-(Bromofluoromethyl)-3-methylbutyl 4-(N,N- o] Br
dipropylsulfamoyl)benzoate (46a). General procedure 4 with o /@*ojé\F
3-methylbut-2-en-1-yl 4-(N,N-dipropylsulfamoyl)benzoate \/\N/S\\O

followed by flash chromatography (ethyl acetate/n-hexane, 1:

10) gave 46a as a colorless oil (67 mg, d.r. = 1/1, 36% yield).

'H NMR (400 MHz, CDCls) & (ppm): 8.14 (dd, J = 8.3, 1.2 Hz, 2H), 7.87 (d, J = 8.4 Hz, 2H), 6.72
(ddd, J = 49.0, 25.6, 3.7 Hz, 1H), 4.87-4.40 (m, 2H), 3.25-2.75 (m, 4H), 2.50-2.04 (m, 2H), 1.81—
1.37 (m, 4H), 1.26-1.01 (m, 6H), 0.86 (t, J = 7.4 Hz, 6H); *°F NMR (376 MHz, CDCl3) J (ppm):
—138.03 (ddd, J = 71.4, 49.1, 18.5 Hz, 1F); 3C NMR (101 MHz, CDCls) 6 (ppm): 165.14, 144.65,
133.32, 130.46 (d, J = 1.1 Hz), 127.28, 96.63 (dd, J = 256.0, 47.2 Hz), 62.98 (dd, J = 41.7, 4.4
Hz), 52.24 (d, J = 16.4 Hz), 51.38 (d, J = 15.6 Hz), 50.16, 28.20, 27.65 (d, J = 3.9 Hz), 22.16,
21.18, 20.88, 19.99, 19.63, 11.34. MS (ESI) m/z: 466.1 [M+H]". HRMS (ESI) m/z for
C19H30NO4F*2S™Br [M+H]*: calc’d: 466.1063; found: 466.1070.
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2-(Difluoromethyl)-3-methylbutyl 4-(N,N- o] F
dipropylsulfamoyl)benzoate (46). General procedure 7 with 3- o /@*O/rF
methylbut-2-en-1-yl 4-(N,N-dipropylsulfamoyl)benzoate \/\N/S\\O

followed by flash chromatography (ethyl acetate/n-hexane, 1:

10) gave 46 as a colorless oil (78 mg, 48% yield).

'H NMR (400 MHz, CDCls) 6 (ppm): 8.13 (d, J = 8.4 Hz, 2H), 7.87 (d, J = 8.4 Hz, 2H), 6.00 (td,
J =55.7, 3.3 Hz, 1H), 4.70-4.32 (m, 2H), 3.31-2.92 (m, 4H), 2.30-1.83 (m, 2H), 1.60-1.39 (m,
4H), 1.08 (dd, J = 13.8, 6.6 Hz, 6H), 1.02-0.70 (m, 6H); *F NMR (376 MHz, CDClIs) 6 (ppm): —
121.74 (ddd, J = 286.2, 74.7, 55.8, 16.3 Hz, 2F); *C NMR (101 MHz, CDCls) ¢ (ppm): 165.20,
144.64, 133.37, 130.43, 127.27, 117.30 (t, J = 243.1 Hz), 61.44 (d, J = 5.6 Hz), 50.16, 47.59 (t, J
= 18.2 Hz), 25.79, 22.15, 20.33 (d, J = 76.0 Hz), 11.34. MS (ESI) m/z: 406.2 [M+H]". HRMS
(ESI) m/z for C19H3oNO4#*2SF, [M+H]": calc’d: 406.1864; found: 406.1864.

1-(4-Methoxyphenyl)-3-((4-methylpent-3-en-1-yl)oxy)-5-phenyl- _0
1H-1,2,4-triazole (47b). To a dried round-bottomed flask equipped with \©\N’N\

a stirrer bar were added 1-(4-methoxyphenyl)-5-phenyl-1H-1,2,4- \N>_ O/:%
triazol-3-ol (1.34 g, 5.0 mmol, 1 equiv.), K2COs (1.38 g, 10 mmol, 2.0 d\

equiv.) and DMF (30 mL). 5-Bromo-2-methylpent-2-ene (1.63 g, 10 mmol, 2.0 equiv.) was then
added. The reaction mixture was stirred for 12 h at 50 °C and then water (50 mL) and DCM (50
mL) were added. The organic phase was washed with brine, dried (Mg2.S0O.), and concentrated in
vacuo. Silica gel chromatography (ethyl acetate/n-hexane, 1: 4) of the residue gave 47b as a white
solid (1.48 g, 85% yield). Mp: 104-106 °C.

'H NMR (400 MHz, CDCls) 6 (ppm): 7.53-7.34 (m, 2H), 7.34-7.06 (m, 5H), 6.95-6.57 (m, 2H),
5.17 (t, J = 7.1 Hz, 1H), 4.23 (t, J = 7.1 Hz, 2H), 3.75 (s, 3H), 2.46 (q, J = 7.0 Hz, 2H), 1.61 (d, J
=19.0 Hz, 6H); C NMR (101 MHz, CDCls) § (ppm): 167.91, 159.72, 153.00, 134.43, 131.39,
129.93, 128.83, 128.51, 127.94, 127.07, 119.56, 114.58, 69.40, 55.62, 28.20, 25.83, 17.95. MS
(ESI) m/z: 350.2 [M+H]*. HRMS (ESI) m/z for C21H24N302 [M+H]": calc’d: 350.1869; found:
350.1871.
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3-((3-(Bromofluoromethyl)-4-methylpentyl)oxy)-1-(4- -0
methoxyphenyl)-5-phenyl-1H-1,2,4-triazole  (47a). General \QN/N\>—0 Br
procedure 4 with 1-(4-methoxyphenyl)-3-((4-methylpent-3-en-1- =N /:2_<F
yl)oxy)-5-phenyl-1H-1,2,4-triazole followed by flash ©/L
chromatography (ethyl acetate/n-hexane, 1: 4) gave 47a as a colorless oil (84 mg, d.r. = 1/1, 45%
yield).

'H NMR (400 MHz, CDCl3) 6 (ppm): 7.41 (d, J = 7.1 Hz, 2H), 7.35-7.11 (m, 5H), 6.83 (d, J = 8.9
Hz, 2H), 6.76-6.38 (m, 1H), 4.38 (dd, J = 11.9, 5.7 Hz, 12H), 3.76 (s, 3H), 2.32-1.82 (m, 4H),
1.16-0.71 (m, 6H); F NMR (376 MHz, CDCls) 6 (ppm): —135.13 (ddd, J = 73.1, 49.5, 19.1 Hz,
1F); ¥C NMR (101 MHz, CDCls) § (ppm): 167.70, 159.79, 153.13, 131.32, 130.03, 128.86,
128.56, 127.85, 127.09, 114.63, 99.63 (dd, J = 256.2, 184.3 Hz), 68.17 (d, J = 9.8 Hz), 55.66,
49.47 (d, J = 16.2 Hz), 48.42 (d, J = 15.1 Hz), 29.40, 29.30 (d, J = 5.2 Hz), 27.22, 26.25 (d, J =
4.4 Hz), 20.60, 20.09 (d, J = 1.9 Hz), 19.57, 19.51 (d, J = 1.3 Hz). MS (ESI) m/z: 462.1 [M+H]".
HRMS (ESI) m/z for C22H26N302F°Br [M+H]*: calc’d: 462.1192; found: 462.1197.

3-((3-(Difluoromethyl)-4-methylpentyl)oxy)-1-(4- 0
methoxyphenyl)-5-phenyl-1H-1,2,4-triazole ~ (47).  General \©\N/N\>—o F
procedure 7 with 1-(4-methoxyphenyl)-3-((4-methylpent-3-en-1- =\ /:2_<F
yl)oxy)-5-phenyl-1H-1,2,4-triazole followed by flash ©/L
chromatography (ethyl acetate/n-hexane, 1: 4) gave 47 as a colorless oil (97 mg, 61% yield).

'H NMR (400 MHz, CDCl3) é (ppm): 7.47-7.35 (m, 2H), 7.35-7.05 (m, 5H), 7.01-6.76 (m, 2H),
5.80 (td, J =56.7, 3.0 Hz, 1H), 4.65-4.10 (m, 2H), 3.75 (s, 3H), 2.51-1.80 (m, 4H), 0.92 (dd, J =
6.4, 3.5 Hz, 6H); 1°F NMR (376 MHz, CDCls) 6 (ppm): —120.43 (ddd, J = 281.5, 77.3, 56.1, 16.5
Hz, 2F); 13C NMR (101 MHz, CDCls) 6 (ppm): 167.79, 159.85, 153.18, 131.39, 130.08, 128.92,
128.62, 127.93, 127.15, 118.82 (t, J = 242.3 Hz), 114.69, 68.17, 55.71, 44.31 (t, J = 17.8 Hz),
27.32 (dd, J = 5.8, 3.2 Hz), 24.36 (t, J = 4.2 Hz), 19.97, 19.51. MS (ESI) m/z: 402.2 [M+H]".
HRMS (ESI) m/z for C22H26N302F2 [M+H]": calc’d: 402.1993; found: 402.1999.
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3. Radiochemistry procedures

3.1. General HPLC methods

3.1.1. HPLC condition A
Column: Luna C18(2) (10 um, 250 x 4.6 mm, 100 A; Phenomenex).

The absorbance wavelength used for HPLC measurements was 254 nm.
Radioactivity was monitored using an in-line Flow-Count PMT radioactivity detector (Eckert &

Ziegler).

Solvent A: ag. ammonium formate (50 mM); Solvent B: MeCN
Flow rate: 2 mL/min

0-5 min: 10 to 50% B

5-15 min: 50 to 90% B

15-20 min: 90% B

3.1.2. HPLC condition B
Column: Luna C18(2) (10 um, 250 x 4.6 mm, 100 A; Phenomenex).

The absorbance wavelength used for HPLC measurements was 254 nm.
Radioactivity was monitored using an in-line Flow-Count PMT radioactivity detector (Eckert &

Ziegler).

Solvent A: H,0; Solvent B: MeCN
Flow rate: 2 mL/min
0-12 min: 70% B

3.1.3. HPLC condition C
Column: Luna C18(2) (10 um, 250 x 10.0 mm, 100 A; Phenomenex).

The absorbance wavelength used for HPLC measurements was 254 nm.
Radioactivity was monitored using an in-line Flow-Count diode radioactivity detector (Eckert &

Ziegler).

Solvent A: ag. ammonium formate (100 mM); Solvent B: MeCN
Flow rate: 5 mL/min
0-5 min: 10 to 50% B
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5-40 min: 50 to 90% B
40-50 min: 90% B

3.1.4. HPLC condition D
Column: Luna C18(2) (10 um, 250 x 4.6 mm, 100 A; Phenomenex).

The absorbance wavelength used for HPLC measurements was 254 nm.
Radioactivity was monitored using an in-line Flow-Count PMT radioactivity detector (Eckert &

Ziegler).

Solvent A: ag. ammonium formate (100 mM); Solvent B: MeOH
Flow rate: 2 mL/min

0-5 min: 10 to 30% B

5-60 min: 30 to 80% B

3.2. General procedures for radiofluorination

3.2.1. Preparation of anhydrous [*®F]fluoride/EtsaNHCOs3 solution

[8F]Fluoride ion was produced from a cyclotron (PETtrace; GE Healthcare) according to the
180(p,n)*8F reaction by irradiating 80-enriched water (3 mL, 98 atom%) with a proton beam (35
MeV; 35-45 pA) for at least 45 min. [*®F]fluoride ion (2.96—4.44 GBq) in [*®O]water (200400
pL) and a aqueous solution of EtaNHCO3 (50 pL, 7.5 mg) were loaded into a glassy carbon reactor
of a fully automated apparatus (TRACERIlab™ FX2 NFX2N; GE Healthcare). MeCN (2.5 mL)
was added, and the solvent was azeotropically removed at 80—100 °C under a stream of nitrogen
that was vented to vacuum. This step was repeated after a second addition of MeCN (2.5 mL). The
[*®F]fluoride/EtsaNHCO3 reagent was cooled to 40 °C before addition of anhydrous MeCN (3.0
mL). The mixture was transferred out of the reactor under He gas pressure into a vial to yield a
solution of [*®F]fluoride /EtsNHCOj3 (0.74-1.85 GBq) in MeCN. An aliquot of this solution (200
ML) was then used for manual methodology experiments.

3.2.2. Radiofluorination of different precursors at set temperatures
To a 1-mL V-vial was added a solution of [*®F]fluoride/EtaNHCO3 in MeCN (200 uL), followed

by a solution of precursor (10 pmol) in MeCN (300 pL). The reaction vial was maintained with

good air-tightness to prevent the loss of MeCN. The reaction was conducted at a set temperature
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for 10 min, then quenched with H>O (300 pL). An aliquot of the reaction mixture was analyzed
with HPLC using HPLC condition A.

Supplementary Table 2. Radiofluorination of different precursors at different

temperatures.
X 18F
©/\/k': [18F]F_, Et4NHCO3; (0.5 mg) ©/\)\F
MeCN, T, 10 min
10 ymol

T Yield (%)

X=F X =CI X=B X=1
(°C) C r
40 0 trace 5+1 6+1
60 0 trace 19+2 131
80 0 1+0 34+4 18+ 3
100 0 1+0 41+2 19+3
120 0 7+3 61+8 20+1
140 - - 62 +1
160 - - 64 +2

3.2.3. General procedure 8 for manual substrates scope evaluation

Br 18
8F)F-, Et,;NHCO
QAI)\F ['*FIF", Et;NHCO, ]
[ MeCN, 120 °C 10 min i
2.5 ymol

To a 1-mL glass V-vial is added a solution of azeotropically dried [*®F]fluoride (50-100 MBq)
plus EtaNHCO3 (0.5 mg) in MeCN (200 pL), followed by a solution of substrate (3, 6a-47a; 2.5
pmol) in MeCN (300 uL). The reaction vial is maintained with airtightness to prevent the loss of
MeCN. The reaction is conducted at a selected temperature for 10 min and quenched with H.O
(300 pL). An aliquot is then analyzed using HPLC condition A. Yields is based on HPLC

chromatogram peak areas. All yields are decay-corrected and expressed as mean £ SD (n > 2).
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Radioactive products are collected at least once for each substrate to verify that HPLC yields match

isolated yield.

3.2.4. General procedure 9 for automated radiosynthesis

Br ['®FIF (11.1-18.5 GBq) 18
PPN Et,NHCO5 (0.25 mg)
O F O/\)\F
MeCN, 120 °C 10 min
1.5 umol

The radiosyntheses of the [*®F]difluoromethylalkanes ([*®F]10, [‘®F]19, [*®F]25, [*®F]36 and
[t8F]39) were performed on a fully automated apparatus (TRACERIab™ FX2 N; GE Healthcare),
according to the following procedure. [*®F]Fluoride ion (11.1-18.5 GBq) in [*®O]water (400-700
pL) and a solution of aqueous EtsNHCO3z (50 pL, 5 mg/mL) are loaded into a glassy carbon vial
reactor of the apparatus. MeCN (2.5 mL) is added, and the solvent azeotropically removed at 80—
100 °C under a stream of nitrogen gas that is vented to vacuum. This step is repeated after a second
addition of MeCN (2.5 mL). The reactor is then cooled to 40 °C and a solution of precursor (10a,
193, 253, 36a and 39a; 1.5 umol) in anhydrous MeCN (0.6 mL) is added. The reaction mixture is
heated for 10 min at 120 °C. The reactor is then cooled to 40 °C. The contents are diluted with
H>0 (2.5 mL), transferred into an intermediate vial, and then delivered to a 5-mL HPLC loop.
Under trigger of a fluid detector, the contents are injected onto a semi-preparative HPLC column
[Luna C18(2), 250 x 10 mm i.d., 10 um; Phenomenex], and eluted with a gradient of acetonitrile
and 100 mM aqueous ammonium formate at a flow rate of 5 mL/min as described (HPLC condition
C). The eluate is monitored by first a UV absorbance detector (absorbance at 254 nm) and then a
radioactivity detector. The desired product fraction is collected into a round-bottomed flask
preloaded with water (40 mL). The contents are then passed through a Sep-Pak plus short C18
cartridge (Waters) preconditioned with ethanol (10 mL) and then water (10 mL). The Sep-Pak
cartridge is washed with water (10 mL), and eluted sequentially with ethanol (1 mL) and saline (9
mL) into a final vial. An aliquot of this formulation is used for further analyses, such as

determination of radiochemical purity, identity and molar activity.
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3.3. Molar activity determination

3.3.1. Basic principle of molar activity determination

To determine molar activity, we first established a calibration curve using a series of known
amounts of the reference compound. On this curve, the X-axis represents the amount of the
reference compound (X), with values between 20 ng to 500 ng. The Y-axis denotes the UV
absorbance peak area at 254 nm (Y; in arbitrary units x min), measured by HPLC. A linear
regression fit provided a calibration equation (Y=KX), establishing a direct relationship between
absorbance peak area and compound quantity. In the experimental analysis, we calculated the
molar activity of the '®F-labeled product by applying its radioactivity (GBq), molecular weight
(M) and the UV peak area measured via HPLC to the following formula.

UV peak area (Y)

Carrier (X) = — (ng)
Activity Activity ActivityX KXMx1000
m = , , , ~ — = (GBg/umol)
Carrier+radioactive compound Carrier UV peak area (Y)
3.3.2. Optimization for molar activity measurement
Br 18
/©/\/kF [18F]F7, Et4NHCO3 WF
Ph CH3CN, 120 °C, 10 min Ph

['®F110
The radiofluorination followed general procedure 9. ‘Semi-preparative’ purification was carried

out using HPLC condition C. Analytical HPLC for [*®F]10 was carried out using HPLC condition
B.

quantity (ng) 20 40 60 80 100

UV peak area 55859 113647 170316 226798 284771
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Supplementary Figure 12. Calibration curve for authentic reference 10 for determination of the
molar activity of [‘®F]10. Data points for the calibration curve are in blue. Carrier amounts in
[*®F]10 analytes from Supplemental Table 4 are shown in red. Analytical HPLC condition B was
used.

Supplementary Table 3. Optimization for radiosynthesis of [**F]10 under
different conditions. AY = activity yield. n.d.c. = non-decay-corrected.

Entry Precursor (umol) EtsNHCOz (mg) | AY (n.d.c.) (GBQq)

1 2.5 0.5 1.15
2 2.5 0.25 1.22
3 1.5 0.25 1.22

Supplementary Table 4. Molar activity (Am) of [*®F]10 under different conditions. EOS = end
of radiosynthesis.
Activity UV peak Amount of Am (EOS)
Entry ) M
(GBq) area carrier (ng) (GBg/umol)

1 0.01343 268551 94.53 232.27 33

2 0.01878 241448 84.99 232.27 51

3 0.01499 132808 46.75 232.27 74
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3.3.3. Automated radiosyntheses
3.3.3.1. Automated radiosynthesis of [®F]10
Br 8¢
F ["8FIF~, Et4NHCO3; E
ph/©/\)\ MeCN, 120 °C 10 min Ph/©/\)\

['8F]10

The automated radiosynthesis followed general procedure 9 with 4-(3-bromo-3-
fluoropropyl)-1,1'-biphenyl (1.5 umol, 0.44 mg) and EtaNHCO3 (0.25 mg). The semi-preparative
HPLC purification was carried out using HPLC condition C. Analytical HPLC for [*F]10 was

carried out using condition B.

Quantity (ng) 20 40 60 80 100
UV peak area 55859 113647 170316 226798 284771
Calibration curve for 10
300000
250000
200000
. y = 2841x
S 150000 R2=1
3
100000
50000
0
0 20 40 60 80 100 120
Weight (ng)

Supplementary Figure 13. Calibration curve for authentic reference 10 to determine molar
activity with data for molar activity determinations added. Data points for the calibration curve are
in blue. Experimental carrier amount data points from Supplementary Table 6 for two molar
activity measurements are in red. Analytical HPLC condition B was used.
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Supplementary Table 5. Radiosynthesis of [*F]10

. AY = activity yield

. n.d.c. = non-decay

corrected.
- Starting activity | Radiosynthesis time Purity AY (n.d.c.)
ntr
" (eBy (min) (%) (GBo)
1 14.5 66 >99 1.22
2 17.8 62 >99 1.04
Average 1.13+0.13

Supplementary Table 6. The molar activity determination of ['®F]10. EOS = end of

radiosynthesis. ERP = end of radionuclide production.

Entry Activity UV peak | Amount of M Am (EOS) Anm (ERP)
(GBQq) area carrier (ng) (GBg/umol) | (GBg/umol)
1 0.01499 132808 46.75 232.27 74 127
2 0.01500 162840 57.32 232.27 61 106
Average 689 117 £ 15
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Supplementary Figure 14. Semi-preparative HPLC (condition C) chromatogram for the

purification of [‘®F]10.
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Supplementary Figure 15. Analytical HPLC (condition B) chromatogram for QC of [*°F]10.
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Supplementary Figure 16. Analytical HPLC (condition B) chromatogram for [*®F]10 with co—

injected 10.
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3.3.3.2. Automated radiosynthesis of [*°F]19

['®F]F~, EtyNHCO,

CH3CN, 120 °C 10 min

D)O%WF

['8F]19

The automated radiosynthesis followed general procedure 9 with 5-bromo-5-fluoropentyl
4-iodobenzoate (1.5 pmol, 0.62 mg) and E4NHCO3 (0.25 mg). The semi-preparative HPLC
purification was carried out using HPLC condition C. Analytic HPLC for [*®F]19 was carried out

using HPLC condition B.

Quantity (ng)

20

40

60

80

100

120

140

UV peak area

24915

56282

82828

112932

134452

162145

186677

200000
180000
160000
140000
120000
100000
80000
60000
40000
20000

0
0

UV area

20

Calibration curve for 19

40

60

80

Weight (ng)

100

120

y =1353.4x
R2=0.9996

160

Supplementary Figure 17. Calibration curve for authentic reference 19 to determine molar
activity with data for molar activity determinations added. Data points for the calibration curve are
in blue. Experimental carrier amount data points from Supplementary Table 8 for molar activity
measurements are shown in red. Analytical HPLC condition B was used.
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Supplementary Table 7. Radiosynthesis of [F]19. AY = activity yield. n.d.c. = non-decay-

corrected.
Ent Starting activity | Radiosynthesis time Purity AY (n.d.c.)
ntr
"1 (eBo) (min) (%) (GBo)
1 15.7 70 >99 0.74
2 15.7 67 >99 0.96
Average 0.85+0.16

Supplementary Table 8. The molar activity determination of [®F]19. EOS = end of
radiosynthesis. ERP = end of radionuclide production.
- Activity UV peak | Amount of M Am (EOS) Anm (ERP)
n
i (GBQq) area carrier (ng) (GBg/pumol) (GBg/umol)
1 0.02725 173479 128.18 354.14 75 134
2 0.03364 186605 137.88 354.14 86 136
Average 818 135+1
1.5x103+ - 4x103
.’g <
> 1x10°4 5
= [°F]19 21005 8
& X 38
:§ 5x102- 21&
e E
= o Ww T

14 16 18 20 22 24 26

Time (min)

30 32 34 36 38 40

Supplementary Figure 18. Semi-preparative HPLC (condition C) chromatogram for
purification of [*8F]19.
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['°F]19
2x105 Y - 2x104
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T T
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Radioactivity (arbitrary units)
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Supplementary Figure 19. Analytical HPLC chromatogram (condition B) for [*°F]109.
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Supplementary Figure 20. Analytical HPLC (condition B) chromatogram for [*®F]19 with co—
injected 19.
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3.3.3.3. Automated radiosynthesis of [*3F]25

‘ /\/\j\r ['8F]F~, Et,NHCO,4
O o) F

CH3CN, 120 °C 10 min O

18F

O/\/\/I\F

['8F]25

The automated radiosynthesis followed general procedure 9 with 1-((5-bromo-5-

fluoropentyl)oxy)naphthalene (1.5 pmol, 0.47 mg) and EtsNHCOs3 (0.25 mg). The semi-

preparative HPLC purification was carried out using HPLC condition C. Analytical HPLC for
[‘®F]25 was carried out using HPLC condition B.

Quantity (ng) 40

60 80

100

120

UV peak area 5742

9050 11836

14839

17416

20000

18000

16000

14000

12000

10000

UV area

8000

6000

4000

2000

Calibration curve for 25

40 60 80
Weight (ng)

100

120

y = 147.04x
R?=0.9998

140

Supplementary Figure 21. Calibration curve for authentic reference 25 with added data for molar
activity determinations. Data points for the calibration curve are in blue. Experimental carrier

amount data points from Supplementary Table 10 for molar activity measurement are in red.
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Supplementary Table 9. Radiosynthesis of [*F]25. AY = activity yield.

n.d.c. = non-decay-

corrected.
- Starting activity | Radiosynthesis time Purity AY (n.d.c.)
ntr
" (eBy (min) (%) (GBo)
1 17.9 68 >99 1.26
2 15.7 68 >99 0.81
Average 1.04 +0.32

Supplementary Table 10. The molar activity determination of [®F]25. EOS = end of

radiosynthesis. ERP = end of radionuclide production.

Ent Activity UV peak | Amount of M Anm (EOS) Anm (ERP)
ntry .
(GBQq) area carrier (ng) (GBg/pumol) | (GBg/pumol)
1 0.03297 16424 111.70 250.29 74 123
2 0.02187 12269 83.44 250.29 66 110
Average 70+6 117 +9
1.5x103+ ~ 6x102
: c
% 1x103%4 B %’_
% [°F]25 | 3x1025 5
:‘g 5x102- S5
E 3
0- e T T,
0 ; All (IS é 1IO 1I2 1I4 1I6 1I8 2I0 2I2 2I4 2I6 2I8 3IO 3I2 3I4 3I6 3I8 40
Time (min)

Supplementary Figure 22. Semi-preparative HPLC (condition C) chromatogram for

purification of [‘®F]25.
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Supplementary Figure 23. Analytical HPLC (condition B) chromatogram for QC of [*®F]25.
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Supplementary Figure 24. Analytical HPLC (condition B) chromatogram for [*®F]25 with co—
injected 25.
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3.3.3.4. Automated radiosynthesis of [**F]36
F. _Br FUSF

- ['8F]F~, Et4NHCO, -

" 5 “__O
OO CH4CN, 120 °C 10 min OO
o)
MeO © MeO

['®F136

The automated radiosynthesis followed General procedure 9 with 5-bromo-5-fluoropentyl
(25)-2-(6-methoxynaphthalen-2-yl)propanoate (1.5 pmol, 0.60 mg) and EtaNHCO3 (0.25 mg). The
semi-preparative HPLC purification was carried out using HPLC condition C. Analytical HPLC

for [*®F]36 was carried out using HPLC condition B.

Quantity (ng) 20 40 60 80 100
UV peak area 6961 15390 23327 30662 39607
Quantity (ng) 120 140 160 180 200
UV peak area 47375 55296 63010 70801 79243

Calibration curve for 36
90000
80000
70000
60000

y =393.95x
50000 R2=0.9999

UV area

40000
30000
20000

10000

0 50 100 150 200 250
Weight (ng)

Supplementary Figure 25. Calibration curve for authentic reference 36 to determine molar
activity with data for molar activity determinations added. Data points for the calibration curve are
in blue. Experimental carrier amount data points from Supplementary Table 12 for molar activity
measurement are in red.
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Supplementary Table 11. Radiosynthesis of [*®F]36. AY = activity yield. n.d.c. = non-decay

corrected.
- Starting activity | Radiosynthesis time Purity AY (n.d.c.)
ntr
" (eBy (min) (%) (GBo)
1 18.8 71 >99 1.18
2 15.7 66 >99 1.30
Average 1.24 +0.08

Supplementary Table 12. The molar activity determination of [*®F]36. EOS = end of
radiosynthesis. ERP = end of radionuclide production.
- Activity | UV peak | Amount of M Anm (EOS) Am (ERP)
n
i (GBq) area carrier (ng) (GBg/pumol) | (GBg/umol)
1 0.04993 59524 151.10 336.38 111 189
2 0.02537 41229 104.66 336.38 82 137
Average 9721 163 + 37
1.5x103+ - 4x103
.?g <
> 17104 o &
- [°F136 [ 2e1005 B
5 X 38
§ 5x102 El 1)
: {\ 5
= o ugw_d_w__ﬁjwuu —

14 16 18 20 22

Time (min)

24 26

30 32 34 36 38 40

Supplementary Figure 26. Semi-preparative (condition C) HPLC chromatogram for

purification of [‘®F]36.
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Supplementary Figure 27. Analytical HPLC (condition B) chromatogram for QC of [°F]36.
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Supplementary Figure 28. Analytical HPLC (condition B) chromatogram for [*®F]36 with co—

injected 36.
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3.3.3.5. Automated radiosynthesis of [*°F]39

g 0 C 0
N 8F)F-, Et,NHCO N
| \>_/_<O Br AP Bt ® | o 18
O o w CHaCN,120°C10min o) w
F
F

['®F]39

The automated radiosynthesis followed general procedure 9 with 5-bromo-5-fluoropentyl
3-(4,5-diphenyloxazol-2-yl)propanoate (1.5 pmol, 0.69 mg) and Et4NHCO3 (0.25 mg). The semi-
preparative HPLC purification was carried out using HPLC condition C. Analytical HPLC for
[‘®F]39 was carried out using HPLC condition B.

Quantity (ng) 20 40 60 80 100
UV peak area 10090.5 20040 29996.5 40000 50441.5
Quantity (ng) 200 300 400 500
UV peak area 101639 157859 209989 262947
Calibration curve for 39
300000
250000
200000
5 y = 523.49x
& 150000 R2=0.9999
3
100000
50000
0
0 100 200 300 400 500 600
Weight (ng)

Supplementary Figure 29. Calibration curve for authentic reference 39 to determine molar
activity with data for molar activity determinations added. Data points for the calibration curve are
in blue. Experimental carrier amount data points from Supplemental Table 14 for Am measurement
are in red.
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Supplementary Table 13. Radiosynthesis of [*®F]39. AY = activity yield. n.d.c. = non-decay

corrected.
- Starting activity | Radiosynthesis time Purity AY (n.d.c.)
ntr
" (eBy (min) (%) (GBo)
1 14.2 71 >99 1.07
2 14.7 68 >99 1.30
Average 1.19+0.16

Supplementary Table 14. The molar activity determination of [*®F]39. EOS = end of
radiosynthesis. ERP = end of radionuclide production.
Activity | UV peak | Amount of Am (EOS) Am (ERP)
Entry . M
(GBq) area carrier (ng) (GBg/umol) | (GBa/umol)
1 0.03924 217938 416.32 399.44 38 62
2 0.02105 122320 233.66 399.44 36 60
Average 37+1 61+1
1.5x10°3 - 3x103
g <
g 1x103+ - 2x103f:g %-"
5 [°F]39 i
> Y <3
E 5x102- | %100 g »
< 3
= o1 MW@N v A wes—

14 16 18 20 22

Time (min)

24 26

30 32 34 36 38 40

Supplementary Figure 30. Semi-preparative HPLC (condition C) chromatogram for

purification of [‘®F]39.
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Supplementary Figure 31. Analytical HPLC (condition B) chromatogram for QC of [*®F]39.
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Supplementary Figure 32. Analytical HPLC (condition B) chromatogram for [*®F]39 with co—

injected 39.
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3.4. Mechanism study

3.4.1. Control experiment

18F
Z 18-
/@N“F ['8F]F~, Et;NHCOs .
Ph CH4CN, 120 °C 10 min
Ph
10b ['°F110
NR

To a 1-mL glass V-vial was added a solution of [*8F]fluoride/EtsNHCO3 in MeCN (200
uL), followed by a solution of (E/Z)-4-(3-fluoroallyl)-1,1'-biphenyl (10b; 2.5 pmol) in MeCN (300
ML). The reaction vial was maintained with good air tightness to prevent the loss of MeCN. The
reaction was conducted at 120 °C for 10 min, quenched with H>O (300 pL). An aliquot of the
reaction mixture was then analyzed using HPLC condition A. The HPLC chromatogram is shown

below. No reaction (NR) was observed.

2x104 - 4x106
10b

N
1x104 m [ 2x100 5
o J o

T T T T T T T T
0 2 4 6 8 10 12 14 16 18

(s1un Arenique)
Wwu Gz e aosueqglosge AN

Radioactivity (arbitrary units)

Time (min)

Supplementary Figure 33. Chromatogram for HPLC analysis (condition A) control
radiofluorination reaction with 10b (E/Z)-4-(3-fluoroallyl)-1,1'-biphenyl).
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3.4.2. Investigation of the potential formation of the vinyl bromide 10c in the radiofluorination

of 10a
4x1044 - 2.5x106

»

= - 6

]

> —
Z Q
g Ph 10¢ L 1.5x10¢ &
g 2x104 é
> L 1x100 &
B =4
= B
S L 5x105

2

S

0
T T
0 10 15 20
Time (min)

wu G e adueqgiosqge AN

Supplementary Figure 34. Analytical HPLC chromatogram (condition A) for reference
compound 10c (E and Z isomer mixture).
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Supplementary Figure 35. Analytical HPLC chromatogram (condition A) for unpurified

[*F]10 produced from 10a.

S76



4x1044 - 4x106

2 c
5 <

18 Q
2 [TFI10 10b 2g
= \ / T 9
= 23
L% 210 N\ /10a —2x106§ §
> @
= 10c 52
= _ > N
o ¥ S
E N )
= 0 N PR WD W 1 S —
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Supplementary Figure 36. Analytical HPLC chromatogram (condition A) for co-injection of
reaction mixture producing [*®F]10 from 10a and reference compound 10c (E and Z isomer
mixture).

3.4.3. Proposed mechanism for the formation of a,a-difluoromethylalkane [*F]10

Br A\BI’ 18
_—
Ph Sn2 Ph 18p- Ph
10a ['F]10
[°FIF-
tBr
. >
Et,NHCO, . WF ~Br /@N““F
Ph A Ph
Base 10b

Supplementary Figure 37. Proposed mechanism for the radiofluorination a-fluoro,a-bromo
alkane, exemplified with 10a.
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4. HPLC analyses of radiolabeled compounds [**F]1-[*¢F]47

HPLC analysis of ['®F]1

Br 18F
["8F]F", Et4NHCOg4
F F
CH3CN, 120 °C 10 min
[18F]1

Prepared following general procedure 8 and analyzed using HPLC condition A.

9%x10% —- 8x104
6x104

- 4x104

3x10%

0 \JMT\J\J[\W ,JAL\_/\,_J/\'\J“J\DAK/?J e—aas. 0
J 6 10 12

T
6

Radioactivity (arbitrary units)
(syun Aseniqie)
Wu Gz 18 8oueglosqge AN

T
0 2 14

Time (min)

Supplementary Figure 38. Analytical HPLC (condition A)chromatogram for unpurified [°F]1.

Supplementary Table 15. Radiosynthesis of [*°F]1.
Run Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 10.868 72
2 10.868 63 675 70
3 10.871 67
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Supplementary Figure 39. Analytical HPLC (condition A) chromatogram for [*®F]1 with co-

injected 1.
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Separation of [*®F]1 using HPLC condition D.

2.4x10% - 2x104
[18F]1

1.6x104 1 18
[°F]1 (tg = 44.346 min)

\ L 1x104
1 (tg = 44.210 min)
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(syun Aieniqie)
wu Gz 1e agueqiosqge AN

o

Time (min)

Supplementary Figure 40. Analytical HPLC (condition D) chromatogram for [*®F]1 with

expanded section for 40-50 min shown in the inset.
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Supplementary Figure 41. Analytical HPLC (condition D) chromatogram for reference 1.
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Prepared following general procedure 8 and analyzed using HPLC condition A.

Radioactivity (arbitrary units)

Br

3x10%4

2x104

1x104+

HPLC analysis of [**F]6

['8F]F", Et4NHCO4

CH5CN, 120 °C, 10 min

[18F]6

[18F]6

18F

- 8x104

- 4x104

(s1un Areniqgte)
wu Gz 1e asueqglosge AN

Time (min)

Supplementary Figure 42. Analytical HPLC chromatogram for unpurified [‘°F]6.

Supplementary Table 16. Radiosynthesis of [*°F]6.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 14.660 73
2 14.665 80 74 +5 61
3 14.656 70
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Supplementary Figure 43. Analytical HPLC chromatogram for [*®F]6 with co—injected 6.
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Br

/@/\)\F
MeO

Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]7

['8F]F", Et,NHCO4

CH3CN, 120 °C, 10 min

[18F]7

18F

/©/\)\F
MeO

- 1.6x10°
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wu $Gg ye saoueqiosqge AN
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Supplementary Figure 44. Analytical HPLC chromatogram for reaction mixture of [*¢F]7.

Supplementary Table 17. Radiosynthesis of [*°F]7.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 10.657 85
2 10.539 84 84+2 83
3 10.551 82
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Supplementary Figure 45. Analytical HPLC chromatogram for [*®F]7 with co—injected 7.
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Separation of [*®F]7 using HPLC condition D.

2x104
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Supplementary Figure 46. Analytical HPLC (condition D) chromatogram for [‘F]7 with

expanded section of 40-50 min shown in the inset.

2x10%4

1x104+

Radioactivity (arbitrary units)

7 (tg = 44.044 min)

N

- 5x10°

- 4x10°

- 3x10°

- 2x10°

(suun Areniqle)
wu Gz 1e aoueglosqge AN

- 1x10°

10

20

T T
30 40

Time (min)

50

60

Supplementary Figure 47. Analytical HPLC (condition D) chromatogram for reference

compound 7.
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Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]8

['8F]F", Et,NHCO4

CH3CN, 120 °C, 10 min

[18F]8

- 8x104

- 4x104

(s1un Areniqgte)
wu Gz 1e asueqglosge AN

2x10%44
m
2 18
2 [*°F]8
5
> R
o
S 1x10%-
&
P
=
°
@©
2
©
¢ \
07 | v~ A — —
T T T T T T T
0 2 4 6 8 10 12 14
Time (min)

Supplementary Figure 48. Analytical HPLC chromatogram for reaction mixture of [‘°F]8.

Supplementary Table 18. Radiosynthesis of [*°F]8.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.022 62
2 12.018 63 58+ 8 43
3 12.016 48
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Supplementary Figure 49. Analytical HPLC chromatogram for [*®F]8 with co—injected 8.
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HPLC analysis of [**F]9

['8F]F", Et,NHCO;
F F
CH4CN, 120 °C, 10 min
Br Br

[18F]9

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 50. Analytical HPLC chromatogram for reaction mixture of [°F]9.

Supplementary Table 19. Radiosynthesis of [*3F]9.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.382 70
2 12.374 78 72+6 64
3 12.288 67
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Supplementary Figure 51. Analytical HPLC chromatogram for [*%F]9 with co—injected 9.
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Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]10

["8F]F-, Et4NHCO4

CH1CN, 120 °C, 10 min
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Supplementary Figure 52. Analytical HPLC chromatogram for reaction mixture of [*°F]10.

Supplementary Table 20. Radiosynthesis of [*8F]10.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 13.739 65
2 13.741 61 64 +3 59
3 13.739 67
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Ph Br

SO

Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]11

['8F]F-, Et4NHCO4

Ph '8F

CH3CN, 120 °C, 10 min
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Supplementary Figure 53. Analytical HPLC chromatogram for reaction mixture of [*°F]11.

Supplementary Table 21. Radiosynthesis of [*3F]11.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.700 38
2 12.969 35 372 36
3 12.697 39
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4x103 - 2x10°

[*°F]11 ~
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Supplementary Figure 54. Analytical HPLC chromatogram for [*®F]11 with co—injected 11.

S92



HPLC analysis of [**F]12

['®F]F", Et4NHCO4

CH3CN, 120 °C, 10 min

['8F112

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 55. Analytical HPLC chromatogram for reaction mixture of [*°F]12.

Supplementary Table 22. Radiosynthesis of [*3F]12.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 7.582 39
2 7.563 33 374 27
3 7.572 39
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Supplementary Figure 56. Analytical HPLC chromatogram for [*®F]12 with co—injected 12.
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OZN\©/\)\F

HPLC analysis of [**F]13

['®F]F", Et,NHCO4

CH3CN, 120 °C, 10 min

['®F113

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 57. Analytical HPLC chromatogram for reaction mixture of [*°F]13.

Supplementary Table 23. Radiosynthesis of [*3F]13.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 10.102 56
2 10.062 48 50+6 44
3 10.208 45
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Supplementary Figure 58. Analytical HPLC chromatogram for [*®F]13 with co—injected 13.
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Separation of [*®F]13 using HPLC condition D.
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Supplementary Figure 59. Analytical HPLC (condition D) chromatogram for [®F]13 with

expanded section of 30—40 min shown in the inset.
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Supplementary Figure 60. Analytical HPLC (condition D) chromatogram for reference

compound 13.
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/©/\)\F
NC

HPLC analysis of [**F]14

['8F]F-, Et,NHCO;

CH3CN, 120 °C, 10 min

['°F114

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 61. Analytical HPLC chromatogram for reaction mixture of [1°F]14.

Supplementary Table 24. Radiosynthesis of [*°F]14.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 9.322 16
2 9.325 19 17+2 17
3 9.319 16
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Supplementary Figure 62. Analytical HPLC chromatogram for [1®F]14 with co—injected 14.
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Separation of [*®F]14 using HPLC condition D.
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Supplementary Figure 63. Analytical HPLC (condition D) chromatogram for [**F]14 with

expanded section of 30-35 min shown in the inset.
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Supplementary Figure 64. Analytical HPLC (condition D) chromatogram for reference

compound 14.
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Br

MeO

Prepared following general procedure 8 and analyzed using HPLC condition A.
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HPLC analysis of [**F]15
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CH1CN, 120 °C, 10 min
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Supplementary Figure 65. Analytical HPLC chromatogram for reaction mixture of [*°F]15.

Supplementary Table 25. Radiosynthesis of [*3F]15.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 10.132 56
2 10.141 51 54 +3 49
3 10.145 56
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Supplementary Figure 66. Analytical HPLC chromatogram for [*®F]15 with co—injected 15.

S102



@/\/\)\F
\_s

Prepared following general procedure 8 and analyzed using HPLC condition A.
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HPLC analysis of [**F]16
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Supplementary Figure 67. Analytical HPLC chromatogram for reaction mixture of [*°F]16.

Supplementary Table 26. Radiosynthesis of [*°F]16.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.313 36
2 12.130 34 36 +2 28
3 12.117 38
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Supplementary Figure 68. Analytical HPLC chromatogram for [*®F]16 with co—injected 16.
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MeO Br
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MeO
Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 69. Analytical HPLC chromatogram for reaction mixture of [*°F]17.

Supplementary Table 27. Radiosynthesis of [*°F]17.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 9.928 54
2 9.930 58 55+3 52
3 9.881 53
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Supplementary Figure 70. Analytical HPLC chromatogram for [*F]17 with co-injected 17.
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HPLC analysis of [**F]18

0] Br o 18F
18F]F", Et,NHCO e~
F NN ['°FIF", Et;NHCO3 F o .
CH3CN, 120 °C, 10 min
['®F118
Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 71. Analytical HPLC chromatogram for reaction mixture of [*°F]18.

Supplementary Table 28. Radiosynthesis of [*8F]18.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.666 66
2 11.665 67 67 +2 61
3 11.674 69
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Supplementary Figure 72. Analytical HPLC chromatogram for [*®F]18 with co—injected 18.
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Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]19

["8F]F-, Et4NHCO4

CH3CN, 120 °C, 10 min
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Supplementary Figure 73. Analytical HPLC chromatogram for reaction mixture of [*°F]19.

Supplementary Table 29. Radiosynthesis of [*8F]19.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 13.641 70
2 13.629 67 69 +2 63
3 13.633 69
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Supplementary Figure 74. Analytical HPLC chromatogram for [*®F]19 with co—injected 19.

S110



HPLC analysis of [**F]20

(0] Br o 18F
18F]F", Et4yNHCO e~
NN ['®FIF", Et;NHCOs o .
CH3CN, 120 °C, 10 min
NC NC
['éF]20
Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 75. Analytical HPLC chromatogram for reaction mixture of [*°F]20.

Supplementary Table 30. Radiosynthesis of [*3F]20.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 10.756 83
2 10.756 82 83x1 75
3 10.749 83
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Supplementary Figure 76. Analytical HPLC chromatogram for [*®F]20 with co—injected 20.
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HPLC analysis of [**F]21

['8FIF", Et4NHCO;

CH3CN, 120 °C, 10 min
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Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 77. Analytical HPLC chromatogram for reaction mixture of [*F]21.

Supplementary Table 31. Radiosynthesis of [*8F]21.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 13.055 60
2 13.061 62 61+1 57
3 13.064 61
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Supplementary Figure 78. Analytical HPLC chromatogram for [*®F]21 with co—injected 21.
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Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]22

['®F]F-, Et,NHCO4

CH3CN, 120 °C, 10 min
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Supplementary Figure 79. Analytical HPLC chromatogram for reaction mixture of [1°F]22.

Supplementary Table 32. Radiosynthesis of [*8F]22.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.636 58
2 11.628 62 60 +2 58
3 11.625 60
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Supplementary Figure 80. Analytical HPLC chromatogram for [*®F]22 with co—injected 22.
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HPLC analysis of [**F]23

["®F]F-, EtyNHCO4

CH3CN, 120 °C, 10 min
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Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 81. Analytical HPLC chromatogram for reaction mixture of [1°F]23.

Supplementary Table 33. Radiosynthesis of [*3F]23.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.369 89
2 11.347 90 89+1 84
3 11.335 89
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Supplementary Figure 82. Analytical HPLC chromatogram for [*®F]23 with co—injected 23.

S118



O/\)\F
N

HPLC analysis of [**F]24

['8F]F-, EtyNHCOg

CH3CN, 120 °C, 10 min
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Supplementary Figure 83. Analytical HPLC chromatogram for reaction mixture of [1°F]24.

Supplementary Table 34. Radiosynthesis of [*8F]24.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 10.326 75
2 10.339 76 76+1 67
3 10.304 76
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Supplementary Figure 84. Analytical HPLC chromatogram for [‘®F]24 with co-injected 24.
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HPLC analysis of [**F]25

S
18F1F-, Et4NHCO
O O/\/\/kF [ ] 4 3

CH3CN, 120 °C, 10 min
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Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 85. Analytical HPLC chromatogram for reaction mixture of [*°F]25.

Supplementary Table 35. Radiosynthesis of [*8F]25.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 13.911 69
2 13.905 71 72+3 62
3 13.930 75
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Supplementary Figure 86. Analytical HPLC chromatogram for [1®F]25 with co—injected 25.
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HPLC analysis of [**F]26

['®F]F-, Et,NHCOg

CH3CN, 120 °C, 10 min
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Supplementary Figure 87. Analytical HPLC chromatogram for reaction mixture of [*°F]26.

Supplementary Table 36. Radiosynthesis of [*3F]26.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 9.436 70
2 9.465 73 72+2 65
3 9.422 72
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Supplementary Figure 88. Analytical HPLC chromatogram for [1®F]26 with co—injected 26.
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HPLC analysis of [**F]27

['8F]F", Et,NHCO;

CH3CN, 120 °C, 10 min
['8F127

Prepared following general procedure 8 and analyzed using HPLC condition A.

2x10% - 2x10°

[*°F]27

1x10% - 1x10°

Radioactivity (arbitrary units)
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Supplementary Figure 89. Analytical HPLC chromatogram for reaction mixture of [1°F]27.

Supplementary Table 37. Radiosynthesis of [*8F]27.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 14.801 33
2 14.794 40 374 38
3 14.797 37
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Supplementary Figure 90. Analytical HPLC chromatogram for [*®F]27 with co—injected 27.

S126



Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]28

["8F]F-, Et4NHCO4

CH;CN, 120 °C, 10 min

['éF]28
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Supplementary Figure 91. Analytical HPLC chromatogram for reaction mixture of [*°F]28.

Supplementary Table 38. Radiosynthesis of [*5F]28.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.019 62
2 10.995 55 574 54
3 11.065 54
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5x103- - 1.6x10°6

[*°F]28

2.5x103 - 8x10°

(suun Arenigle)
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Supplementary Figure 92. Analytical HPLC chromatogram for [*®F]28 with co—injected 28.
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F

Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]29

['8F]F", EtyNHCO;

CH3CN, 120 °C, 10 min

['8F]29

: 18F
F
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- 1x10°
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Supplementary Figure 93. Analytical HPLC chromatogram for reaction mixture of [*F]29.

Supplementary Table 39. Radiosynthesis of [*3F]29.
Aun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.192 12
2 11.217 14 13+1 11
3 11.225 13
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1x108% - 3x106

I 2x106

5x102 [18F]29
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Supplementary Figure 94. Analytical HPLC chromatogram for [*®F]29 with co—injected 29.
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HPLC analysis of [**F]30

F

\O)\ ['8F]F, Et4NHCO3

CH3CN, 120 °C, 10 min /@
(of

['®F]30

O

Prepared following general procedure 8 and analyzed using HPLC condition A.

18 F

o
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Supplementary Figure 95. Analytical HPLC chromatogram for reaction mixture of [*°F]30.

Supplementary Table 40. Radiosynthesis of [*3F]30.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 13.609 57
2 13.601 51 52+5 47
3 13.647 48
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3x103 - 8x10°
[*°F]30
2x103-

- 4x10°
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Supplementary Figure 96. Analytical HPLC chromatogram for [*®F]30 with co—injected 30.
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HPLC analysis of [**F]31

o) o
18 -
o E ['8F]F-, Et,NHCO; o E
CH4CN, 120 °C, 10 min

['8F131

Prepared following general procedure 8 and analyzed using HPLC condition A.

4x10%49 - 2x10°

2x10%+ - 1x10°

[*°F]31
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Supplementary Figure 97. Analytical HPLC chromatogram for reaction mixture of [*F]31.

Supplementary Table 41. Radiosynthesis of [*8F]31.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.636 11
2 12.639 11 12+1 10
3 12.729 13
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9x102 ~ 8x10°

[*®F]31
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Supplementary Figure 98. Analytical HPLC chromatogram for [*®F]31 with co—injected 31.
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HPLC analysis of [**F]32

Br Br

F F
O Br ['8F]F", Et;NHCO, O
N N
CH4CN, 120 °C, 10 min Q

Prepared following general procedure 8 and analyzed using HPLC condition A.

['®F132

8x103+ - 4x106

[*°F]32
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Supplementary Figure 99. Analytical HPLC chromatogram for reaction mixture of [*F]32.

Supplementary Table 42. Radiosynthesis of [*8F]32.
Run Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 17.694 29
2 17.688 22 24+ 4 18
3 17.553 21
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9x102 — 3x10°

[*®F]32
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2
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Supplementary Figure 100. Analytical HPLC chromatogram for [*®F]32 with co—injected 32.
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HPLC analysis of [**F]33

o) o)
Cl WF 18 Cl WF
\@/ ['®F]F", Et4NHCO;4 \@/

CH3CN, 120 °C, 10 min

['®F]133

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 101. Analytical HPLC chromatogram for reaction mixture of [*F]33.

Supplementary Table 43. Radiosynthesis of [*8F]33.
Run Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.026 16
2 12.037 22 20+ 4 19
3 12.051 23
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Supplementary Figure 102. Analytical HPLC chromatogram for [*®F]33 with co—injected 33.
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6x104

Radioactivity (arbitrary units)

3x104

Cl O Br
O/\/\/l\F
OMe
Cl

Prepared following general procedure 8 and analyzed using HPLC condition A.

HPLC analysis of [**F]34

['8F]F", Et,NHCO,

Cl

CH3CN, 120 °C, 10 min

Cl

['5F134
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O/\/\/I\F
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(suun Areniqie)
wu Gz 1e aoueqiosqge AN
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Supplementary Figure 103. Analytical HPLC chromatogram for reaction mixture of [*F]34.

Supplementary Table 44. Radiosynthesis of [*°F]34.
Aun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.947 67
2 12.956 69 69 +2 62
3 12.943 71
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4x103+ - 6x10°

[°F]34

2x10°3 - 3x10°
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Supplementary Figure 104. Analytical HPLC chromatogram for [*%F]34 with co—injected 34,
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HPLC analysis of [**F]35

(0] = Br (0] = 18
: OMF ["®FIF", Et4NHCO; : OMF
O O o} CH4CN, 120 °C, 10 min O O O

['®F]35

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 105. Analytical HPLC chromatogram for reaction mixture of [*F]35.

Supplementary Table 45. Radiosynthesis of [*3F]35.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.191 37
2 12.190 40 38+2 35
3 12.195 38
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4x103 - 3x106
['°F]35
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Supplementary Figure 106. Analytical HPLC chromatogram for [*®F]35 with co—injected 35.
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MeO

Prepared following general procedure 8 and analyzed using HPLC condition A.

6x10%

Radioactivity (arbitrary units)

3x10%+

Br.

HPLC analysis of [**F]36

['8F]F", Et4NHCO4

e
CH4CN, 120 °C, 10 min OO
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Supplementary Figure 107. Analytical HPLC chromatogram for reaction mixture of [*F]36.

Supplementary Table 46. Radiosynthesis of [*3F]36.
Run Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 12.801 58
2 12.761 56 58+ 2 52
3 12.824 59
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1.5%104 - 1.6x106
[*°F]36

1x10%4

- 8x10°

5x10°

Radioactivity (arbitrary units)
(snun Areniqgue)
Wu Gz 1e adueqiosge AN

T T T T T T T
0 2 4 6 8 10 12 14

Time (min)

Supplementary Figure 108. Analytical HPLC chromatogram for [*®F]36 with co—injected 36.
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HPLC analysis of [**F]37

H Br
;fjij)\/kF ['8F]F", Et;NHCO,
o

Prepared following general procedure 8 and analyzed using HPLC condition A.

CH3CN, 120 °C, 10 min
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Supplementary Figure 109. Analytical HPLC chromatogram for reaction mixture of [*F]37.

Supplementary Table 47. Radiosynthesis of [*8F]37.
Bun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.614 42
2 11.610 40 41+1 39
3 11.616 40
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4x103 - 2x106

[°F]37

2x10°%4 - 1x106

(syun Aseiqie)
wu Gz e aoueqiosge AN

Radioactivity (arbitrary units)

O_Awmwwwww%mwwwuwwMwwwwmwmwwwwmeWMWWMWWwqu kwwmw~mmeMw

— 1o

T T T T T T T
0 2 4 6 8 10 12 14

Time (min)

Supplementary Figure 110. Analytical HPLC chromatogram for [*®F]37 with co—injected 37.
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HPLC analysis of [**F]38

18 F
Br F F
5 H ['8F]F", Et;NHCO4 @\”/O H
CH3CN, 120 °C, 10 min o)
)
['®F]138

Prepared following general procedure 8 and analyzed using HPLC condition A.

1x10%+ - 8x10°

['°F]38

5x10°4 - 4x105
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Supplementary Figure 111. Analytical HPLC chromatogram for reaction mixture of [*F]38.

Supplementary Table 48. Radiosynthesis of [*%F]38.
Run Retention time | Yield (decay-corrected) Mean yield + SD | Isolated yield
(min) (%) (%) (%)
1 15.168, 15.329 64
2 15.726, 15.885 60 64 +4 54
3 15.682, 15.831 68
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Supplementary Figure 112. Analytical HPLC chromatogram for [*®F]38 with co—injected 38.
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HPLC analysis of [**F]39

By ['®F]F", EtNHCO,

<_/_< CH3CN, 120 °C, 10 min
F

S,
s“u:

['°F139

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 113. Analytical HPLC chromatogram for reaction mixture of [*F]39.

Supplementary Table 49. Radiosynthesis of [*3F]39.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 14.101 52
2 14.087 54 54+2 50
3 14.116 55
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9x103 — 1.6x106
['°F]39
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Supplementary Figure 114. Analytical HPLC chromatogram for [*®F]39 with co—injected 39.
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HPLC analysis of [*®F]40

-N _N
F (O (G2
Z\NVCQFO@ e ‘YQT%
F

© F CH,4CN, 120 °C, 10 min
Br
['8F]140

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 115. Analytical HPLC chromatogram for reaction mixture of [*F]40.

Supplementary Table 50. Radiosynthesis of [*3F]40.
Run Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 15.124 47
2 15.119 48 47+ 2 35
3 15.124 45
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Supplementary Figure 116. Analytical HPLC chromatogram for [*®F]40 with co—injected 40.
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HPLC analysis of [**F]41

0._0 o
NH \F;j ['8F]F, Et;NHCOs4 ﬁH F
4 5 Br CH4CN, 120 °C, 10 min o '3F
['éF141
Prepared following general procedure 8 and analyzed using HPLC condition A.
4x104 - 1.2x106
0 c
5 [*F1a1 <
= =
_rSB 2%x10%44 L 6x10°5 § g
~ < O
2 o @
S 38
= o N
=32
° 3
EE 0 /L A\ A A
_ TN~ N AJV UL ] g
0 2 6 6 10 12 1 16
Time (min)

Supplementary Figure 117. Analytical HPLC chromatogram for reaction mixture of [*F]41.

Supplementary Table 51. Radiosynthesis of [}3F]41.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 14.068 83
2 14.044 84 84+1 74
3 14.069 84
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3x103 - 1x106
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Supplementary Figure 118. Analytical HPLC chromatogram for [*®F]41 with co-injected 41.
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HPLC analysis of [*®F]42

)\/O F )\/O F
['8F]F", EtyNHCO,
s, - s,
NC L) CH3CN, 120 °C, 10 min NC D
N o) N 0

['°F142

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 119. Analytical HPLC chromatogram for reaction mixture of [*F]42.

Supplementary Table 52. Radiosynthesis of [*8F]42.
Aun Retention time | Yield (decay-corrected) | Mean yield + SD | Isolated yield
(min) (%) (%) (%)
1 16.103 40
2 16.101 39 41+3 34
3 16.098 44
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Supplementary Figure 120. Analytical HPLC chromatogram for [*®F]42 with co—injected 42.
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HPLC analysis of [**F]43
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Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 121. Analytical HPLC chromatogram for reaction mixture of [*F]43.

Supplementary Table 53. Radiosynthesis of [*3F]43.
Aun Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.051 63
2 11.098 70 67 +4 61
3 11.125 67
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Supplementary Figure 122. Analytical HPLC chromatogram for [*®F]43 with co—injected 43.
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HPLC analysis of [**F]44

N 0 : N
L \_/—>_F CH3CN, 120 °C, 10 min V4 \_/_>_F

o 18
Br F

['®F144

Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 123. Analytical HPLC chromatogram for reaction mixture of [*F]44.

Supplementary Table 54. Radiosynthesis of [}5F]44.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 9.500 43
2 9.340 45 46+ 3 44
3 9.505 49
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Supplementary Figure 124. Analytical HPLC chromatogram for [*F]44 with co-injected 44.
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HPLC analysis of [*®F]45
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Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 125. Analytical HPLC chromatogram for reaction mixture of [*F]45.

Supplementary Table 55. Radiosynthesis of [*2F]45.
Run Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 11.775 75
2 11.783 76 76+1 68
3 11.781 7
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Supplementary Figure 126. Analytical HPLC chromatogram for [*®F]45 with co—injected 45,
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HPLC analysis of [*®F]46

(0] Br

o) B¢
O F 18 -
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(0] N
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Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 127. Analytical HPLC chromatogram for reaction mixture of [*F]46.

Supplementary Table 56. Radiosynthesis of [*3F]46.
- Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 14.761 24
2 14.892 31 26 +5 23
3 14.890 22
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Supplementary Figure 128. Analytical HPLC chromatogram for [*®F]46 with co—injected 46.
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HPLC analysis of [*®F]47
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Prepared following general procedure 8 and analyzed using HPLC condition A.
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Supplementary Figure 129. Analytical HPLC chromatogram for reaction mixture of [*F]47.

Supplementary Table 57. Radiosynthesis of [*2F]47
Run Retention time | Yield (decay-corrected) | Mean yield £ SD | Isolated yield
(min) (%) (%) (%)
1 13.720 49
2 13.736 44 48 +3 45
3 13.814 50
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Supplementary Figure 130. Analytical HPLC chromatogram for [*®F]47 with co—injected 47.
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5. NMR spectra of precursors and standards 1-47
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Supplementary Figure 131. *H NMR spectrum of compound 1 (400 MHz, CDCls)
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Supplementary Figure 132. **F NMR spectrum of compound 1 (376 MHz, CDCls)
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Supplementary Figure 134. *H NMR spectrum of compound 2 (400 MHz, CDCls)
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Supplementary Figure 135. *°F NMR spectrum of compound 2 (376 MHz, CDCls)
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Supplementary Figure 136. 3C NMR spectrum of compound 2 (101 MHz, CDCls)
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Supplementary Figure 138. *°F NMR spectrum of compound 3 (376 MHz, CDCls)
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Supplementary Figure 141. **F NMR spectrum of compound 4 (376 MHz, CDCls)
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Supplementary Figure 142. 3C NMR spectrum of compound 4 (101 MHz, CDCls)
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Supplementary Figure 143. *H NMR spectrum of compound 5 (400 MHz, CDCls)
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Supplementary Figure 146. 'H NMR spectrum of 1-(3-bromo-3-fluoropropyl)-4-(tert-

butyl)benzene 6a (400 MHz, CDCI»)
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Supplementary Figure 148. *C NMR spectrum of 1-(3-bromo-3-fluoropropyl)-4-(tert-

butyl)benzene 6a (101 MHz, CDCI»)
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Supplementary Figure 150. **F NMR spectrum of compound 6 (376 MHz, CDCls)
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Supplementary Figure 153. ®F NMR spectrum of 1-(3-bromo-3-fluoropropyl)-4-
methoxybenzene 7a (376 MHz, CDCIs)
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Supplementary Figure 156. *°F NMR spectrum of compound 7 (376 MHz, CDCls)
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Supplementary Figure 159. °F NMR spectrum of 1-(3-bromo-3-fluoropropyl)-4-
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Supplementary Figure 160. 3C NMR spectrum of 1-(3-bromo-3-fluoropropyl)-4-
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Supplementary  Figure 165. ®F NMR spectrum of 1-bromo-4-(3-bromo-3-
fluoropropyl)benzene 9a (376 MHz, CDCls3)
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Supplementary  Figure 166. *C NMR spectrum of 1-bromo-4-(3-bromo-3-
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Supplementary Figure 168. *°F NMR spectrum of compound 9 (376 MHz, CDCls)
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Supplementary Figure 169. 3C NMR spectrum of compound 9 (101 MHz, CDCls)
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Supplementary Figure 170. 'H NMR spectrum of 4-(3-bromo-3-fluoropropyl)-1,1'-biphenyl

10a (400 MHz, CDCls)
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Supplementary  Figure 206. °F NMR spectrum of methyl 4-(3-bromo-3-
fluoropropyl)benzoate 15a (376 MHz, CDCl3)
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Supplementary Figure 276. *H NMR spectrum of compound 26 (400 MHz, CDCls)
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Supplementary Figure 309. 'H NMR spectrum of 2-bromo-9-(4-methylpent-3-en-1-yl)-9H-

carbazole 32b (400 MHz, CDCls)
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Supplementary Figure 310. 3C NMR spectrum of 2-bromo-9-(4-methylpent-3-en-1-yl)-9H-
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Supplementary Figure 311. 'H NMR spectrum of 2-bromo-9-(3-(bromofluoromethyl)-4-

methylpentyl)-9H-carbazole 32a (400 MHz, CDCIs)
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Supplementary Figure 318. °F NMR spectrum of 5-(3-bromo-3-fluoropropyl)-3-(3,5-
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S264



o © NN OO
~ o o~NNOO ©o n n oM - o = - - N~
< @ NS o6 e b LR 8% axN
© n ™M NNN ©0 M NI~ n N oo N
- - - o o N~~~ © © << NN N
| | SN \/ ~- [ v VN
LI /\/\)BL
6] F
OMe
cl
8 = PN
g g s
[ \/

404 40.0 220
1 (ppm) 1 (ppm)

210 200 190 180 170 160 150 140 130 120 11of1200)90 80 70 60 50 40 30 20 10 0 -10
ppm
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Supplementary Figure 336. *H NMR spectrum of compound 35 (400 MHz, CDCls)
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oxadiazol-3-yl)benzoate 40b (376 MHz, CDCls3)
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IH NMR spectrum of 5-bromo-5-fluoropentyl 3-(5-(2-

fluorophenyl)-1,2,4-oxadiazol-3-yl)benzoate 40a (400 MHz, CDCls)

Supplementary Figure 372.
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Supplementary Figure 375. *H NMR spectrum of compound 40 (400 MHz, CDCls)
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Supplementary Figure 381. F NMR spectrum of 5-bromo-5-fluoropentyl 2-(1,8-diethyl-
1,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetate 41a (376 MHz, CDCls3)
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Supplementary Figure 383. *H NMR spectrum of compound 41 (400 MHz, CDCls)
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Supplementary Figure 384. *°F NMR spectrum of compound 41 (376 MHz, CDCls)
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Supplementary Figure 385. 13C NMR spectrum of compound 41 (101 MHz, CDCls)

110

200 190 180 170 160 150 140 130 120

210

20k

§0%
8Lz
(%4
8r'e
S.NV
e’

18°¢
88'¢ /.
ey
€Y

s
8L'G

08'S
[4: 2+
v8's
98'S

169
669
9z
£0'8
v0'8
508
90°8
s
€18

NC

8Y'T~=
05’z

18'€~
88'¢ "

LEY~
ey —
vev/

60°5_
Vs~
y15<
LI
08's

Nw.mM
y8's—
98'6 "
169~
66'9—
£0'8

pog>
908
1453

€18

=109

€071
£66°L
£00'¢

Eoe
1961

Te60

=101

(1
60

S294

2-(3-cyano-4-

spectrum of but-3-en-1-yl

'H NMR

isobutoxyphenyl)-4-methylthiazole-5-carboxylate 42b (400 MHz, CDCls)

386.

Supplementary Figure



Vo LL~
8161~

6282 —
vzee —

L'y —

28'SL

16'9L
€TLL W
SSLL

S0°€0L —

[TRITEN
1SSLL~
Ui —
56121~
0L'9Z1 ~
vizel

sze\
18881/

AN
10294
09291

ve'z9L

T T
210 200

-10

T T
90 80 70 60 50 40 30 20 10

100
1 (ppm)

13C NMR

isobutoxyphenyl)-4-methylthiazole-5-carboxylate 42b (101 MHz, CDClz)

T T T T T T T
180 170 160 150 140 130 120 110

T
190

2-(3-cyano-4-

spectrum of but-3-en-1-yl

387.

Supplementary Figure

.
60'L
€91
191
89'L
oL
(7%
08'L
1L
€8l
58l
9z
81z
022
1221
€221
vZZ
922
822
0€°Z
1oz
(228

eez/

oz

68°¢
06°¢

(113 4
(45 4 W.
eey

w9
w9
Sv'9
SS9
95'9
859

66'9
20°L W
9T'L

108
108
60'8
60'8
91’8
L1'8

_——

80'L
60'L
£9'L —
89—
18k~
gL —
LINAN
0Tz
E.N\
8T

68°C~
06'¢ "

0~
ey —
gev
9
o9 —
55'9

95'9 V
859~

66’9 ~
0L —
108
108
608~

918~
2187

|

T
1.9

T
3.96

T
434

1.1

1 (ppm) 1 (ppm)

f1(PPm) f1 (ppm) 1 (ppm)

6.5
1 (ppm) f1 (ppm)

8.1
1 (ppm)

8.2

oo
0z

0 L

Teve
Soe

=l0Cc L

00T

Foo'y

€0l

0l

60

1 (ppm)

Supplementary Figure 388. *H NMR spectrum of 5-bromo-5-fluoropentyl 2-(3-cyano-4-

isobutoxyphenyl)-4-methylthiazole-5-carboxylate 42a (400 MHz, CDClIs)
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Supplementary Figure 389. °F NMR spectrum of 5-bromo-5-fluoropentyl 2-(3-cyano-4-
isobutoxyphenyl)-4-methylthiazole-5-carboxylate 42a (376 MHz, CDClI5)

O N O ©

N0 - N0 Lo o O WOMOTO
N NGB P nNaa 25 2222494~
©0 oo MM ANN~ S wWwm ~NN~NoOWn < oo O~ O N
- sl - oo NNNN © T NNNN~
NS 720NN /NS N | VNN

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110f1 200 ) 90 80 70 60 50 40 30 20 10 0 -10
ppm
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Supplementary Figure 392. *°F NMR spectrum of compound 42 (376 MHz, CDCls)
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dioxoimidazolidin-1-yl)-2-(trifluoromethyl)benzonitrile 43b (400 MHz, CDCls)
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Supplementary Figure 400. *H NMR spectrum of compound 43 (400 MHz, CDCls)
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Supplementary Figure 403. *H NMR spectrum of 2-(1-(but-3-en-1-yl)-2,6-dioxopiperidin-3-

yl)isoindoline-1,3-dione 44b (400 MHz, CDCls3)
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Supplementary Figure 411. 'H NMR spectrum of 3-(but-3-en-1-yloxy)-1,5-bis(4-
methoxyphenyl)-1H-1,2 4-triazole 45b (400 MHz, CDCls)
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Supplementary Figure 413. *H NMR spectrum of 3-((5-bromo-5-fluoropentyl)oxy)-1,5-bis(4-
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Supplementary Figure 414. **F NMR spectrum of 3-((5-bromo-5-fluoropentyl)oxy)-1,5-bis(4-
methoxyphenyl)-1H-1,2,4-triazole 45a (376 MHz, CDCls3)
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Supplementary Figure 416. *H NMR spectrum of compound 45 (400 MHz, CDCls)
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Supplementary Figure 419. 'H NMR spectrum of 3-methylbut-2-en-1-yl 4-(N,N-
dipropylsulfamoyl)benzoate 46b (400 MHz, CDCls)
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Supplementary Figure 420. 3C NMR spectrum of 3-methylbut-2-en-1-yl 4-(N,N-
dipropylsulfamoyl)benzoate 46b (101 MHz, CDCls)
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Supplementary Figure 421. 'H NMR spectrum of 2-(bromofluoromethyl)-3-methylbutyl 4-
(N,N-dipropylsulfamoyl)benzoate 46a (400 MHz, CDCIs)
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Supplementary Figure 422. *°F NMR spectrum of 2-(bromofluoromethyl)-3-methylbutyl 4-
(N,N-dipropylsulfamoyl)benzoate 46a (376 MHz, CDClIs)

S312



< wn N © v
- © M TN MmN~ON MOT-TT"hNOWMOOOo WV © M WD M
6 s doson C@es BAINTRIR@CIQT N@-cRa@m
© < MM ON @ N~ W MNNOOMONNNNT™«~O ON~NNTT™ OO O
- - PR oo NN ©OOO0nIO0nWODn NNNNN~
| NP N N SN N S
0] Br
o F
o,
SRy

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 11Of‘1 200 ) 90 80 70 60 50 40 30 20 10 0 -10
ppm

Supplementary Figure 423. *C NMR spectrum of 2-(bromofluoromethyl)-3-methylbutyl 4-
(N,N-dipropylsulfamoyl)benzoate 46a (101 MHz, CDCIs)
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Supplementary Figure 424. *H NMR spectrum of compound 46 (400 MHz, CDCls)
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Supplementary Figure 425. *°F NMR spectrum of compound 46 (376 MHz, CDCls)
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Supplementary Figure 426. 13C NMR spectrum of compound 46 (101 MHz, CDCls)
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Supplementary Figure 427. *H NMR spectrum of 1-(4-methoxyphenyl)-3-((4-methylpent-3-
en-1-yl)oxy)-5-phenyl-1H-1,2,4-triazole 47b (400 MHz, CDClz3)
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Supplementary Figure 428. 13C NMR spectrum of 1-(4-methoxyphenyl)-3-((4-methylpent-3-
en-1-yl)oxy)-5-phenyl-1H-1,2,4-triazole 47b (101 MHz, CDClz3)
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Supplementary Figure 429. 'H NMR spectrum of 3-((3-(bromofluoromethyl)-4-
methylpentyl)oxy)-1-(4-methoxyphenyl)-5-phenyl-1H-1,2 4-triazole 47a (400 MHz, CDCls)

RSy
_0
: ~pn-N Br
N N
!
N F
G333 5538
EEEE $888
SEe SV
I
| I
Mﬁlt
-133.5 -134.0 -136.4 -136.8
1 (ppm) 1 (ppm)
0 0 10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -120 -140 -160 -180 -200
1 (ppm)

Supplementary Figure 430. F NMR spectrum of 3-((3-(bromofluoromethyl)-4-
methylpentyl)oxy)-1-(4-methoxyphenyl)-5-phenyl-1H-1,2,4-triazole 47a (376 MHz, CDCls)
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Supplementary Figure 432. *H NMR spectrum of compound 47 (400 MHz, CDCls)
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Supplementary Figure 433. *°F NMR spectrum of compound 47 (376 MHz, CDCls)
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Supplementary Figure 434. 13C NMR spectrum of compound 47 (101 MHz, CDCls)
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