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1. General Information

1.1 Instrument Details

NMR spectra were recorded at room temperature on a Varian Vamrs 600 (600 MHz for 'H, 151
MHz for 1*C and 564 for '°F), Bruker Avance Neo 500 (500 MHz for 'H and 126 MHz for *C), or
Varian VNMRS 400 (401 MHz for 1H NMR; 375 MHz for 19F; 123 MHz for 13C). F NMR
yields were measured on a Varian Vnmrs 500 (500 MHz for 'H and 471 MHz for '°F) Varian. '"H
and ¥C chemical shifts are reported in parts per million (ppm) relative to TMS, with the residual
solvent peak used as an internal reference.! ’F NMR chemical shifts are reported in parts per
million (ppm) relative to CFCl; as external standard. Abbreviations used in the NMR data are as
follows: s (singlet), d (doublet), t (triplet), q (quartet), dd (doublet of doublets), dtd (doublet of
triplets of doublet), m (multiplet), br. s (broad singlet), br. d (broad doublet), app. s (apparent
singlet), app. d (apparent doublet), app. t (apparent triplet), app. q (apparent quartet).

1.2 Reagents and Solvents

All other reagents and solvents were purchased from commercial suppliers unless otherwise noted.
Unless otherwise stated, purchased reagents and synthesized materials were stored under air.
(Hetero)aryl iodide substrates were kept in the dark and wrapped in aluminum foil. Cu(OTf), was
stored under an atmosphere of dry N,. The abbreviations EtOAc, DMSO, DMF, DMA, DCM, DCE,
MeOH, TfOH, NBS, MeCN, HBTU, BTEAC, Ac,0, Boc,0, Et;:N, Mel, DIPEA and IPAC stand
for ethyl acetate, dimethyl sulfoxide, N N-dimethylformamide, N, N-dimethylacetamide,
dichloromethane, dichloroethane, methanol, trifilic acid, n-bromosuccinimide, acetonitrile, o-
benzotriazole-N,N,N’, N -tetramethyluronium-hexafluoro-phosphate, = benzyltriethylammonium
chloride, acetic anhydride, di-tert-butyl decarbonate, methyl iodide, N, N-diisopropylethylamine
and isopropyl acetate, respectively.
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2. Synthesis
2.1 Preparation of Substrates and Authentic Standards

Synthesis of 1-(4-iodophenyl)sulfonyl pyrrolidine

QN
“ NHa 40 mol % TIOH N
- A
toluens o
120°C,51h |

A published procedure was followed, and '"H NMR and *C NMR spectroscopic data matched those
reported in the literature.?

Synthesis of ethyl 2-(4-iodophenoxy)-2-methylpropanoate

Me, Ma
OH Cs;C0
. Brx‘,ﬁvl.la _ ©=:C0s DAMEI
T mecn s
' o 70 °C, oin e

A published procedure was followed, and '"H NMR and *C NMR spectroscopic data matched those
reported in the literature.’?

Synthesis of ethyl 2-(4-fluorophenoxy)-2-methylpropanoate

Ma Me i) o
52‘ | s}
Ao Ao
MEGN MeE Me
70 °C, aln F

A published procedure was followed, and '"H NMR and *C NMR spectroscopic data matched those
reported in the literature.*

Synthesis of 2-fluoro-dibenzothiophene

BiOH); @ |(Mas) F
BEE  Cul(OTH,
C) o~ ()T
+ Mesl(OAc)y —— e G
g CHzClz . 18-;:1'1";“-6 <
B0 °C, 18 h

A published procedure was followed, and '"H NMR and *C NMR spectroscopic data matched those
reported in the literature.’

Synthesis of fluoro-phenylalanine

o o

oH Mal, KHEO; OMe
. MHBoe DMF . MHBac

A published procedure was followed, and '"H NMR and *C NMR spectroscopic data matched those
reported in the literature.
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Synthesis of methyl 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate

he? Q.

Iy Mail, K!G'D] M
g Me DMF, 40 °C 4 Me
el H Maly Cibda

o
A published procedure was followed, and "TH NMR and 3C NMR spectroscopic data matched those
reported in the literature.’

Synthesis of 2-fluoro-dibenzofuran
5 mol % Pd(OAc);

el
Br e F
o 10 mol % N,- O
\©\ KoCO4 - @
F HMP 0

160°C, B1 h

A reported method® was adapted as follows. To an oven-dried 10 mL flask was added Pd(OAc), (23 mg, 50
pumol, 5 mol %), 1-bromo-2-(4-fluorophenoxy)benzene (539 mg, 2.02 mmol, 1 equiv), potassium carbonate
(558 mg, 4.04 mmol, 2 equiv), 6-methoxyquinoline (28 mg, 0.20 mmol, 10 mol %). The reagents were
dissolved in N-methyl-2-pyrrolidone (NMP, 3 mL). The reaction was heated to 160 °C and stirred for 81 h.
The reaction was allowed to cool to room temperature, diluted with dichloromethane (~ 6 mL), and filtered
through a plug of celite (~2 g). The resulting solution was concentrated under vacuum, solids were dissolved
in hexanes, and this solution was passed through a plug of silica gel (~2 g). The solvent was removed under
vacuum, and the product was purified by column chromatography (hexanes/EtOAc, 10-20% EtOAc
gradient). The title compound was obtained as a white solid (168 mg, 45% yield). '"H NMR and *C NMR
spectroscopic data matched those reported in the literature.®

Synthesis of methyl 2-(1-(4-fluorobenzoyl)-5-methoxy-2-methyl-1H-indol-3-yl)acetate
F

g F : -
g—Me & MaO'Bu
MeO OMe THF gy Me
o Mal OMe
o] cl

o}
A reported method® was adapted as follows. In a N»-filled glovebox, an oven-dried flask was charged with
methyl 2-(5-methoxy-2-methyl-1H-indol-3-yl)acetate (317 mg, 1.36 mmol, 1 equiv), and then anhydrous
THF (8 mL) was added. The flask was sealed with a septum, removed from the glovebox, and cooled to 0
°C. Sodium tert-butoxide (157 mg, 1.63 mmol, 1.2 equiv) was dissolved in anhydrous tetrahydrofuran (0.82
mL), and this solution was added dropwise to the indole solution. The reaction was stirred for 25 min at 0
°C. A solution of 4-fluorobenzoyl chloride (0.19 mL, 1.2 mmol, 1.2 equiv) was then added dropwise. The
resulting mixture was allowed to warm to room temperature and then stirred overnight. The reaction was
quenched with saturated aqueous NH4Cl (10 mL), and the aqueous layer was extracted with
dichloromethane (2 x 10 mL). The combined organic extracts were washed with saturated aqueous NaCl (1
x 10 mL) and water (1 x 10 mL), dried over Na,SO4 and then concentrated under vacuum. The residue was
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purified by column chromatography (hexanes/EtOAc, 5-10% EtOAc gradient). The product was then
recrystallized from pentane (~10 mL). The title compound was obtained as a white solid (109 mg, 24%
yield) and stored at —20 °C. '"H NMR and *C NMR spectroscopic data matched those reported in the
literature.®

Synthesis of 3-fluoro-6-methyldibenzo[c,f][1,2]thiazepin-11(6H)-one 5,5-dioxide

0. Me o Me
To_ T
cl CsF _ F
DMS0, 180 °C
Q O

A reported method!® was adapted as follows. 3-Chloro-6-methyldibenzo[c,f][1,2]thiazepin-11(6H)-one 5,5-
dioxide (216 mg, 0.7 mmol, 1 equiv) and cesium fluoride (319 mg, 2.10 mmol, 3 equiv) were combined in
a tall 40 mL vial. DMSO (0.72 mL) was added, the vial was sealed, and the reaction was stirred for 30 min
at 180 °C. The reaction was allowed to cool to room temperature. Water (1 x 2 mL) was added, and the
reaction was extracted with EtOAc (4 x 4 mL). The organic extracts were washed with saturated aqueous
NaCl (1 x 8 mL), collected, dried over Na,SOs, and concentrated under vacuum. The residue was purified
by column chromatography (hexanes/EtOAc, 5-10% EtOAc gradient). The title compound was obtained as
a white solid (127 mg, 62% yield).

'TH NMR (500 MHz, CDCls): & 8.32 (dd, J = 8.1, 1.6 Hz, 1H), 8.03 (dd, J = 8.6, 5.1 Hz, 1H), 7.70-7.64
(multiple peaks, 2H), 7.43-7.34 (multiple peaks, 3H), 3.36 (s, 3H).

13C NMR (126 MHz, CDCls): § 189.4, 164.2 (d, J = 258.9 Hz), 141.3, 139.5 (d, J= 7.5 Hz), 135.1, 134.8
(d, /J=8.6 Hz), 132.5 (d, J=3.9 Hz), 132.3, 131.2, 126.5, 124.9, 120.4 (d, /=21.4 Hz), 113.3 (d, J=25.3
Hz), 39.2.

F NMR (564 MHz, CDCls): § —=103.72 (app. q, 1F).

HRMS (ESI) (m/z): [M+H] (C14H11FNOsS™) calc. 292.0438; observed 292.0440.

Rf = 0.3 in 20% EtOAc in hexanes.

Mp = 136-137 °C.

Synthesis of 5-((4-bromo-3,5-dimethylphenoxy)methyl)oxazolidin-2-one

\/[-NH . NH
= r 10 mal % thianthracens —
o 1 \/E 0
Me e ) =N 10mol%TIOH _ M® o (o
. -
<r oCE. 1

Br
Me Ma

A reported method'' was adapted as follows. To a 40 mL vial was added freshly recrystallized N-
bromosuccinimide (534 mg, 3.00 mmol, 1.2 equiv), thianthracene (54 mg, 250 pumol, 0.10 equiv), and
dichloroethane (9 mL). This mixture was stirred for 5 min, and then 0.5 mL of a stock solution of triflic
acid in dichloroethane (22 pL, 250 umol, 0.10 equiv) was added. The mixture was allowed to stir for another
5 min, and then metaxalone (553 mg, 2.50 mmol, 1 equiv) was added. The reaction was sealed and allowed
to stir for 6 h at room temperature. A saturated aqueous solution of NaHCOs (1 x 15 mL) was added, and
the organic layer was separated. The aqueous extracts were back-extracted with EtOAc (2 x 12 mL)
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followed by washing with saturated aqueous NaCl (1 x 10 mL). The organic extracts were combined, dried
over NaxSOys, and concentrated under vacuum. The product was then purified by column chromatography
(dichloromethane/MeOH, 0-5% MeOH gradient). The title compound (431 mg, 57% yield) was obtained
as a white solid. '"H NMR and *C NMR spectroscopic data matched those reported in the literature.™

Synthesis of 4-fluoro-3,5-dimethylphenol

Ma B{OH};z Me OH
sodium L-ascorbata
F DMAF, r.t, air F

Ma kia

A reported procedure!? was adapted as follows. A 50 mL round bottom flask was charged with (4-fluoro-
3,5-dimethylphenyl) boronic acid (1.33 g, 7.90 mmol, 1 equiv), sodium ascorbate (3.13 g, 15.8 mmol, 2
equiv), and N,N-dimethylformamide (16 mL). The reaction was stirred at room temperature overnight.
EtOAc (50 mL) and 5% aqueous LiCl (15 mL) were added. Following extraction, the organic layers were
collected and washed with 5% aqueous LiCl (2 x 15 mL). The aqueous layers were combined and back-
extracted with EtOAc (1 x 20 mL). The organic extracts were combined, washed with water (1 x 50 mL),
dried over Na,SQO4, and concentrated under vacuum. The residue was purified by column chromatography
(hexanes/EtOAc, 0-20% EtOAc gradient). The title compound was obtained as a pale-yellow solid (415 mg,
37% yield).

'H NMR (500 MHz, DMSO-ds): § 9.06 (s, 1H), 6.43 (d, J= 6.0 Hz, 2H), 2.11 (s, 6H).

13C NMR (126 MHz, DMSO-ds) & 153.2 (d, J = 231.6 Hz), 153.1 (d, J = 2.3 Hz), 124.6 (d, J = 19.2 Hz),
115.3 (d, J=4.3 Hz), 14.9 (d, J= 3.8 Hz).

F NMR (377 MHz, DMSO-de): 8 —135.25 (m, 1F).
HRMS (ESI) (m/z): [M-H] (CgHsFO") calc. 139.0565; observed 139.0562.

R =0.18 in 10% EtOAc in hexanes.

Synthesis of 5-((4-fluoro-3,5-dimethylphenoxy)methyl)oxazolidin-2-one

MH
Me OH
NH M D\_/E =0
Kl CsaC03 8
+ +:|\,.£' }:"D » U
F o MaCM, 100 °C .
Ma

kla

To a 10 mL vial, 5-(chloromethyl)oxazolidin-2-one (102 mg, 0.750 mmol, 1 equiv), phenol (210 mg, 1.50
mmol, 2 equiv), Cs2CO3 (488 mg, 1.13 mmol, 1.5 equiv), and KI (150 mg, 0.90 mmol, 1.2 equiv) were
combined and then dissolved in acetonitrile (1.5 mL). The reaction was stirred at 100 °C overnight and then
was allowed to cool to room temperature. Water (1 x 2 mL) was added, and the resulting mixture was
extracted with EtOAc (3 x 4 mL). The organic extracts were collected, dried over Na>SQs, and concentrated
under vacuum. The residue was purified by column chromatography (dichloromethane/MeOH, 0-2%
MeOH gradient). The title compound was obtained as a pale-yellow solid (26 mg, 14% yield).

TH NMR (500 MHz, CDCls): § 6.54 (d, J = 5.8 Hz, 2H), 6.17 (s, 1H), 4.92 (m, 1H), 4.07 (d, J = 4.9 Hz,
2H), 3.75 (app. t, 1H), 3.59 (m, 1H), 2.22 (s, 6H).
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13C NMR (126 MHz, CDCL3): & 159.8, 155.0 (d, J = 236.9 Hz), 153.5 (d, J = 2.6 Hz), 125.4 (d, J= 19.7
Hz), 114.7 (d, J = 4.6 Hz), 74.4, 68.7, 42.8, 15.0 (d, J = 4.0 Hz).

1F NMR (377 MHz, CDCls): § —130.95 (m, 1F).
HRMS (ESI) (m/z): [M+H] (C1,H;sFNO;5") calc. 240.1030; observed 240.1021.

Rf =0.3 in 5% MeOH in dichloromethane.

Synthesis of 2-(diethylamino)-N-(4-iodo-2,6-dimethylphenyl)acetamide

Me Me HMEL, Me
NHz O MazC05 N‘\n’h“c' Kl, KaCO, N "lrﬁ‘NEtd
e —_— "
v ci CHCl; o MeCN, 100 °C o
I Me 0% =t [ Ma [ Me

not izofated

4-lodo-2,6-dimethylaniline (1.00 g, 4.05 mmol, 1 equiv) was dissolved in dichloromethane (8.1 mL). This
solution was cooled to 0 °C, and Na,CO3 (429 mg, 4.05 mmol, 1 equiv) was added. 2-Chloroacetyl chloride
(0.35 mL, 4.5 mmol, 1.1 equiv) was then added dropwise. The reaction was allowed to warm to room
temperature and then stirred overnight. Water (10 mL) was added, and the resulting mixture was extracted
with EtOAc (1 x 12 mL). The organic extracts were washed with water (2 x 10 mL) and brine (1 x 10 mL),
dried over Na,SOs, and then concentrated over vaccum. The residue was taken forward the next step without
isolation.

A reported procedure'® was adapted as follows. Crude 2-chloro-N-(4-iodo-2,6-dimethylphenyl)acetamide
(1.31 g, 4.05 mmol, 1 equiv), diethylamine (461 pL, 4.46 mmol, 1.1 equiv), KI (67.0 mg, 405 pmol, 0.60
equiv), and K,CO; (616 mg, 4.46 mmol, 1.1 equiv) were combined in a 40 mL vial followed by the addition
of MeCN (8.1 mL, 0.50 M). The resulting mixture was then heated to 100 °C for 1 h. The reaction was
allowed to cool to room temperature. Aqueous 1 M NaOH (1 x 10 mL) was added, and the mixture was
extracted with EtOAc (3 x 10 mL). The organic extracts were collected, dried over Na,SQs, and
concentrated under vacuum. The resulting residue was purified by column chromatography
(hexanes/EtOAc, 0-30% EtOAc gradient). The title compound was obtained as a pale-orange solid (1.05 g,
72% yield over two steps).

'H NMR (500 MHz, CDCL3): & 8.87 (s, 1H), 7.43 (s, 2H), 3.20 (s, 2H), 2.68 (q, J = 7.3 Hz, 4H), 2.17 (s,
6H), 1.13 (t, J= 7.1 Hz, 6H).

13C NMR (126 MHz, CDCl5): 6 170.4, 137.5, 137.1, 134.1,92.4, 57.6, 49.1, 18 .3, 12.7.
HRMS (ESI) (m/z): [M+H] (C14H2IN>O") calc. 361.0771; observed 361.0755.
R;=0.15 in 30% EtOAc in hexanes.

Mp = 55-56 °C
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Synthesis of 2-(diethylamino)-N-(4-fluoro-2,6-dimethylphenyl)acetamide

Ma (L] H H NE1.2
MH;z \‘\/ﬁ“ MNagCOy N.Tr-'\,‘:l Kl, KaC03 "'"/.\NElz
—_— -
+ CI Cl CHzClz o] ME‘GN 100 °C
F Ma 00 =1t F Ma

nat isolaled

4-Fluoro-2,6-dimethylaniline (139 mg, 1.00 mmol, 1 equiv) was dissolved in dichloromethane (0.50 M, 2.0
mL). The resulting solution was then cooled to 0 °C, and Na,CO; (106 mg, 1.00 mmol, 1 equiv) was added.
2-Chloroacetyl chloride (88 uL, 1.1 mmol, 1.1 equiv) was then added dropwise. The resulting mixture was
allowed to slowly warm to room temperature and stir overnight. The reaction was quenched with water
followed by the addition of EtOAc (1 x 4 mL). The organic layer was washed with water (2 x 2 mL)
followed by saturated aqueous NaCl (1 x 4 mL). The organic extracts were collected, dried over Na>SOs,
and concentrated over vaacuum. The residue was then taken forward to the next step without isolation.

A reported method!'® was adapted as follows. Crude 2-chloro-N-(4-fluoro-2,6-dimethylphenyl)acetamide
(216 mg, 1.00 mmol, 1 equiv), diethylamine (114 pL, 1.10 mmol, 1.1 equiv), KI (99.6 mg, 600 pmol, 0.60
equiv), and K»COs3 (152 mg, 1.10 mmol, 1.10 equiv) were combined in a 10 mL vial, and MeCN (2 mL was
added. The resulting solution was heated to 100 °C and stirred for 1 h. The mixture was allowed to cool to
room temperature. A 1 M aqueous solution of NaOH (1 x 4 mL) was added, and the aqueous layer was
extracted with EtOAc (3 x 6 mL). The organic extracts were collected, dried over Na>SOs, and concentrated
under vacuum. The residue was purified by column chromatography (hexanes/EtOAc, 0-30% EtOAc
gradient). The title compound was obtained as a pale-orange solid (48 mg, 19% yield over two steps). "H
NMR and BC NMR data matched those reported in the literature.'*
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2.2 General Procedures for Amino Acid Synthesis
Synthesis of Ac-Phe(4-1)-OMe

Ac,0, Et;N
o
Me ﬂigzillz.' I'.'IH"JLN Me

o "o

A reported method! was adapted as follows. Phe(4-1)-OMe (610 mg, 2.00 mmol, 1 equiv), triethylamine
(0.40 mL, 3.0 mmol, 1.5 equiv), and dichloromethane (10 mL) were combined in an oven-dried 10 mL
flask. The resulting solution was then cooled to 0 °C for 10 min and then acetic anhydride (245 mg, 2.40
mmol, 1.2 equiv) was added. The reaction was allowed to warm to room temperature and then stirred for 1
h. The crude mixture was extracted with 1 M aqueous HCI (1 x 10 mL), saturated aqueous Na,CO; (3 x 10
mL), and saturated aqueous NaCl (1 x 10 ml). The organic extracts were combined, dried over MgSO4 and
concentrated under vacuum. The residue was purified by column chromatography (hexanes/EtOAc, 15-
50% EtOAc gradient). The title compound was obtained as a white solid (347 mg, 72% yield).

HaM

'H NMR (500 MHz, CDCls): § 7.61 (d, J = 8.3 Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 5.96 (d, J= 7.7 Hz, 1H),
4.86 (ddd, J=17.7, 5.7, 5.5 Hz, 1H), 3.72 (s, 3H), 3.10 (dd, J = 13.9, 5.9 Hz, 2H), 3.06 (dd, J = 13.9, 5.5
Hz, 2H), 1.98 (s, 3H).

13C NMR (126 MHz, CDCL3): § 172.0, 169.7, 137.8, 135.7, 131.4, 92.8, 53.1, 52.6, 37.5, 23.3.
HRMS (ESI) (m/z): [M+H] (C1,H;5sINO;") calc. 348.0097; observed 348.0089.

Rs= 0.3 in 5% MeOH in dichloromethane.

Synthesis of Ac-Phe(4-F)-OMe

F F
Ac,0, Et;N
O
Obda ﬂggz_?.lft I'-."IE’JLN Oha

0 "o
A reported method'” was adapted as follows. Phe(4-F)-OMe (99 mg, 0.50 mmol, 1 equiv), triethylamine
(0.10 mL, 0.75 mmol, 1.5 equiv), and dichloromethane (2.5 mL) were combined in an oven-dried 10 mL
flask. The resulting solution was cooled to 0 °C for 10 min and then acetic anhydride (61 mg, 0.60 mmol,
1.2 equiv) was added. The reaction was allowed to warm to room temperature and then stirred for 1 h. The
crude mixture was extracted with 1 M aqueous HCI (1 x 5 mL), saturated aqueous Na,COs (3 x 5 mL), and
saturated aqueous NaCl (1 x 5 ml). The organic extracts were combined, dried over MgSO4 and
concentrated under vacuum. The residue was purified by column chromatography (hexanes/EtOAc, 15-
50% EtOAc gradient). The title compound was obtained as a white solid (55 mg, 45% yield).

HaM

H NMR (500 MHz, CDCL3): § 7.04 (dd, J = 8.5, 5.5 Hz, 2H), 6.95 (app. t, 2H), 6.11 (m, 1H), 4.83 (ddd, J
=17.8,5.9, 5.8 Hz, 1H), 3.70 (s, 3H), 3.10 (dd, J = 14.0, 5.9 Hz, 1H), 3.03 (dd, J = 14.0, 5.8 Hz, 1H), 1.96
(s, 3H).

13C NMR (126 MHz, CD;CN): § 172.9, 170.6, 162.7 (d, J = 242.5 Hz), 134.1 (d, J = 3.2 Hz), 132.0 (d, J
=8.1 Hz), 115.9 (d, J = 21.4 Hz), 54.6, 52.6, 37.3, 22.6.
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F NMR (564 MHz, CDCl3): 6 —115.64 (tt, J = 9.3, 5.4 Hz, 1F).
HRMS (ESI) (m/z): [M+H] (Ci2HsFNOs") calc. 240.1036; observed 240.1048.

Rs= 0.3 in 5% MeOH in dichloromethane.

Synthesis of Boc-Phe(4-1)-O'Bu

BuBr
o KzCO3, BTEAC o
'Euc:'u“u O'Bu DMA, 55 °C BuO” N OBu
Ho o Hoo
A literature procedure'® was followed. The product was purified by column chromatography
(hexanes/EtOAc, 15-50% EtOAc gradient). The title compound was obtained as a tan solid (889 mg, 64%
yield).

'H NMR (500 MHz, CDCls): § 7.58 (d, J= 7.9 Hz, 2H), 6.90 (d, J = 7.9 Hz, 2H), 5.01 (d, J= 8.1 Hz, 1H),
4.40 (app. g, 1H), 3.01 (dd, J = 13.1, 5.6 Hz, 1H), 2.95 (dd, J = 13.1, 5.9 Hz, 1H), 1.40 (s, 9H), 1.39 (s,
9H).

BC NMR (126 MHz, DMSO-de): 4 171.1, 155.5, 137.7, 136.9, 131.7, 92.2, 80.6, 78.3, 55.8, 36.1, 28.2,
27.6.

HRMS (ESI) (m/z): [M+Na] (C1sH2sINNaO4") calc. 470.0799; observed 470.0797.
Rs= 0.3 in 5% MeOH in dichloromethane.

Mp = 69-71°C.

Synthesis of Boc-Phe(4-F)-O'Bu

F F
BuBr
o K2COs3, BTEAC 0
I - Iy
rBIJ'DI‘JI\N 'Bu DMA. 55 ac 'E-IJ'DJ'L‘N O'Bu
H o] H o]

A literature procedure was followed. The product was purified by column chromatography
(hexanes/EtOAc, 15-50% EtOAc gradient). The title compound was obtained as a clear oil (616 mg, 87%
yield).

TH NMR (500 MHz, CDCIs): 8 7.12 (app. t, 2H), 6.95 (app. t, 2H), 5.02 (br. s, 1H), 4.40 (app. d, 1H), 3.03
(m, 1H), 2.98 (dd, J = 14.4, 5.7 Hz, 1H), 1.40 (s, 9H), 1.38 (s, 9H).

BC NMR (126 MHz, CDCl3): 8 171.0, 162.1 (d, J = 245.0 Hz), 155.2, 132.3, 131.1 (d, J= 8.0 Hz), 115.3
(d, J=21.1 Hz), 82.3, 79.9, 55.0, 38.0, 28.5, 28.1.

F NMR (564 MHz, CDCl3): § —116.28 (app. t, 1F).
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HRMS (ESI) (m/z): [M+Na] (CisH26FNNaO4") calc. 362.1738; observed 362.1739.

Rs= 0.3 in 5% MeOH in dichloromethane.

Synthesis of Fmoc-Phe(4-1)-OMe

A reported method!” was adapted as follows. In an oven-dried 10 mL flask, Fmoc-Phe(4-1) (1.03 g, 2.00
mmol, 1.00 equiv) was dissolved in MeOH (6 mL). The reaction was cooled to 0 °C, and thionyl chloride
(0.90 mL, 13 mmol, 6.3 equiv) was added dropwise. The reaction was allowed to warm to room temperature
and then stirred for 16 h. Volatiles were removed under a stream of N,, which formed a white solid. The
solid was then washed with diethyl ether (3 x 5 mL) and then dried under a stream of N». The title compound
was obtained as a white solid (560 mg, 53% yield).

'H NMR (500 MHz, CDCls): § 7.78 (d, J = 7.8 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 7.56 (t, J= 7.2 Hz, 2H),
7.41 (app. t, 2H), 7.32 (tt, J="7.2, 1.4 Hz, 2H), 6.82 (d, J = 7.8 Hz, 2H), 5.23 (d, J= 8.2 Hz, 1H), 4.65 (ddd,
J=8.2,5.8,5.7Hz, 1H), 447 (dd, J=10.7, 7.1 Hz, 1H), 4.37 (dd, J= 10.7, 6.8 Hz, 1H), 4.21 (app. t, 1H),
3.73 (s, 3H), 3.09 (dd, J = 13.9, 5.7 Hz, 1H), 3.02 (dd, J = 13.9, 5.8 Hz, 1H).

3C NMR (126 MHz, CD,Cl,): § 172.0, 155.8, 144.4, 144.2, 141.7, 141.7, 141.7, 138.0, 137.96, 136.3,
131.8,128.1, 127.4, 125.4, 125.4, 120.4, 120.3, 120.3, 92.8, 92.6, 67.1, 67.07, 55.0, 52.7, 52.7, 47.6, 38.0.

HRMS (ESI) (m/z): [M+H] (C2sHx;INO4") calc. 528.0672; observed 528.0662.
R¢= 0.3 in 30% EtOAc in hexanes.

Mp = 144-145 °C.

Synthesis of Fmoc-Phe(4-F)-OMe

I ()

SV W PP
O “n"EDH O "]JEGME

M OH

0 \Q 050 =rt \@\
F F

A reported method was adapted as follows. In an oven-dried 10 mL flask, Fmoc-Phe(4-F) (251 mg, 0.620
mmol, 1 equiv) was dissolved in MeOH (2 mL). This solution was cooled to 0 °C, and thionyl chloride
(0.30 mL, 3.9 mmol, 6.3 equiv) was added dropwise. The reaction was allowed to warm to room
temperature and then stirred for 16 h. Volatiles were removed under a stream of N, which formed a white
solid. The solid was then washed with diethyl ether (3 x 5 mL) and then dried under a stream of N,. The
title compound was obtained as a white solid (142 mg, 53% yield).
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"H NMR (500 MHz, CDCls): & 7.78 (d, J = 7.6 Hz, 2H), 7.57 (app. t, 2H), 7.41 (t, J = 7.4 Hz, 2H), 7.32 (t,
J=17.4 Hz, 2H), 7.03 (app. t, 2H), 6.97 (app. t, 2H), 5.23 (d, J = 8.1 Hz, 1H), 4.65 (m, 1H), 4.48 (dd, J =
10.7, 6.9 Hz, 1H), 4.38 (dd, J = 10.7, 6.9 Hz, 1H), 4.21 (app. t, 1H), 3.73 (s, 3H), 3.12 (dd, J=13.9, 5.6
Hz, 1H), 3.06 (dd, J=13.9, 5.7 Hz, 1H).

13C NMR (126 MHz, CD,CL): & 172.1, 162.4 (d, J = 244.5 Hz), 155.8, 144.4, 144.3, 141.7, 132.3, 131.3
(d, J=8.1 Hz), 128.1, 127.4, 125.4, 125.4, 120.3 (d, /= 2.5 Hz), 115.7 (d, J= 21.3 Hz), 67.1, 55.3, 52.7,
47.6,37.7.

F NMR (564 MHz, CDCl3): 5 —111.81 (m, 1F).

HRMS (ESI) (m/z): [M+H] (C2sH23FNO4") calc. 420.1611; observed 420.1610.

R¢= 0.3 in 30% EtOAc in hexanes.

Synthesis of Boc-Trp(5-Br)-OMe

Br. Br Br
- JNH - JMH BocaO - NH
S0Cl, Etal j]L
OH Ol oM
HaM MeOH HaM = MeOH Bua” N .
o DG =t o t, 1h H g
nal isolated

A literature procedure was followed.'® The title compound (311 mg, 40% yield) was obtained as a brown
solid.

"H NMR (600 MHz, DMSO-ds): & 11.16 (s, 1H), 7.76 (s, 1H), 7.40 (d, J = 8.3 Hz, 1H), 7.35-7.17
(multiple peaks, 3H), 4.26 (app. q, 1H), 3.69 (s, 3H), 3.17 (dd, J = 14.5, 5.3 Hz, 1H), 3.07 (dd, J = 14.5,
9.2 Hz, 1H), 1.40 (s, 9H).

BC NMR (126 MHz, DMSO-de): 8 173.2, 155.8, 135.2, 129.5, 126.0, 123.8, 121.0, 113.9, 111.6, 110.3,
78.8,55.3,52.3,28.6, 27.1.

HRMS (ESI) (m/z): [M+Na] (Ci7H21BrN>NaO4") calc. 419.0577; observed 419.0575.
Rf= 0.2 in 30% EtOAc in hexanes.

Mp =107-108 °C.
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Synthesis of Boc-Trp(5-F)-OMe

F. F. F
= MH = MH Boc,O . NH
S0Cl, Etal i
e
Ha o MeOH N e MeOH Buo” N Me
o 0°C =rt o i, 1h H o
not isolated

A literature procedure was followed.18 The title compound (387 mg, 51% yield) was obtained as a brown
solid.

H NMR (500 MHz, DMSO-ds): 5 10.93 (s, 1H), 7.30 (dd, J = 8.9, 4.6 Hz, 1H), 7.24-7.14 (multiple
peaks, 3H), 6.88 (m, 1H), 4.16 (m, 1H), 3.57 (s, 3H), 3.05 (dd, J = 14.8, 5.2 Hz, 1H), 2.95 (dd, J = 14.8,
9.2 Hz, 1H),1.29 (s, 9H).

13C NMR (126 MHz, DMSO-dy): 5 172.9, 156.9 (d, J = 231.0 Hz), 155.5, 132.8, 127.5 (d, J = 9.7 Hz),
126.0, 112.4 (d, J= 9.6 Hz), 110.4 (d, J= 4.9 Hz), 109.1 (d, /= 26.2 Hz), 103.0 (d, /= 23.1 Hz), 78.4, 54.8,
51.9,28.2, 26.8.

F NMR (564 MHz, CDCl3):  —124.62 (app. q, 1F).
HRMS (ESI) (m/z): [M+Na] (C17H2FN2NaO,*) calc. 359.1377; observed 359.1385.
R¢=0.2 in 30% EtOAc in hexanes.

Mp = 124-126 °C.

Synthesis of Boc-Phe(4-1)-OMe

[} Mal, KzC0; o]
'BUDJ.L N oH DMF 'EuD‘J.L N OMe
H o H o

A reported method' was adapted as follows. In an oven-dried 100 mL flask, Boc-Phe(4-I) (2.5 mg, 6.4
mmol, 1 equiv) and K>,CO3(1.06 mg, 7.68 mmol, 1.2 equiv) were dissolved in N, N-dimethylformamide (24
mL). Methyl iodide (0.50 mL, 7.7 mmol, 1.2 equiv) was added dropwise, and the resulting mixture was
stirred for 35 min. The reaction was diluted with water (1 x 150 mL) and EtOAc (1 x 150 mL) before
separating the two layers. The aqueous layer was back extracted with EtOAc (1 x 150 mL). The combined
organic extracts were then washed with water (5 x 100 mL) and saturated aqueous NaCl (1 x 100 mL). The
organic extracts were then dried over MgSO, and concentrated under vacuum. The title compound was
obtained as a white solid (2.52 g, 97% yield).

TH NMR (500 MHz, CDCly): § 7.60 (d, J = 8.3 Hz, 2H), 6.86 (d, J = 8.3 Hz, 2H), 4.95 (br. d, J = 8.3 Hz,
1H), 4.56 (app. q, 1H), 3.70 (s, 3H), 3.07 (dd, J = 13.9, 5.8 Hz, 1H), 2.98 (dd, J = 13.9, 5.2 Hz, 1H).

13C NMR (126 MHz, CDCl5): 6 172.1, 155.0, 137.6, 135.7, 131.3, 92.5, 80.1, 54.2, 52.3, 37.9, 28.3.
HRMS (ESI) (m/z): [M+Na] (CisH20INNaO4") calc. 428.0335; observed 428.0328.
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Rs= 0.5 in 10% EtOAc in hexanes.

Mp = 78-79 °C.

Synthesis of Boc-Tyr(3-1)-OMe

OH oH OH
S0CI1 Bocy O, MELy o]
B — e —
OH O i M
HaM MaCH HaN 8 dioxana/Hz0 'BUDJ‘LH ]
8] 8] O

Tyr(3-1) (737 mg, 2.4 mmol, 1 equiv) was dissolved in MeOH (3 mL) in an oven-dried 10 mL flask. The
resulting solution was then cooled to 0 °C for 10 min and then thionyl chloride (0.3 mL, 4.8 mmol, 2 equiv)
was added dropwise. The reaction was allowed to warm to room temperature and then stirred for 16 h. The
reaction mixture was dried under a stream of nitrogen until a white solid formed. The solid was then washed
with diethyl ether (3 x 5 mL) before drying under a stream of N,. The residue was then taken to the next
step without isolation.

Crude Tyr(3-I)-OMe was dissolved in 4:1 dioxane: H>O (5 mL), and triethylamine (0.3 mL, 2.4 mmol, 1
equiv) was added. Boc anhydride (498 mg, 2.28 mmol, 0.95 equiv) was added, and the resulting mixture
was allowed to stir for 4 h at room temperature. The reaction was then concentrated under vacuum before
redissolving in EtOAc (1 x 15 mL). This solution was extracted with 1 M HCI (1 x 5 mL), saturated aqueous
Na,CO; (3 x 5 mL), and saturated aqueous NaCl (1 x 5 mL). The organic extracts were collected, dried
over MgSQOs, and concentrated under vacuum. The residue was purified by column chromatography
(hexanes/EtOAc, 15-50% EtOAc gradient). The title compound was obtained as a white solid (369 mg,
36% yield).

'H NMR (600 MHz, DMSO-de): & 10.12 (s, 1H), 7.52 (s, 1H), 7.25 (d, J = 8.2 Hz, 1H), 7.05 (dd, J = 8.2,
2.2 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 4.07 (ddd, J= 10.2, 8.2, 5.0 Hz, 1H), 3.61 (s, 3H), 2.86 (dd, J = 13.9,
5.0 Hz, 1H), 2.71 (dd, J= 13.9, 10.2 Hz, 1H), 1.33 (s, 9H).

BC NMR (126 MHz, CDCls): & 172.3, 155.2, 154.3, 139.1, 131.1, 130.1, 115.2, 85.5, 80.3, 54.6, 52.5,
37.1, 28.5.

HRMS (ESI) (m/z): [M+Na] (CisH2INNaOs") calc. 444.0278; observed 444.0274.
Rr = 0.5 in 20% EtOAc in hexanes.

Mp = 97-98 °C.
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2.3 General Procedures for Peptide Synthesis
2.3.1 General Procedure A

0
o] R HBTU, DIPEA _
Py o * OMa -

Bua” N o CHCly, .

X=IF

A reported method®”® was adapted as follows. The free acid (5 mmol for aryl iodides/1 mmol for aryl
fluorides, 1 equiv) and HBTU (1 equiv) were combined in a dried 250 mL round bottom flask. The solids
were dissolved in dichloromethane (0.04 M), and the mixture was stirred for 5 min at room temperature.
The HCl salt (2 equiv) was added, the reaction was allowed to stir for an additional 5 min, and then DIPEA
(2 equiv) was added. The reaction was then stirred for 90 min.

If aryl iodide: The reaction was extracted with 1 M aqueous HCI (1 x 100 mL), saturated aqueous NaHCO;
(3 x 100 mL), and saturated aqueous NaCl (1 x 100 mL). The organic extracts were then dried over MgSQO4
and concentrated under vacuum. The residue was purified by column chromatography (hexanes/EtOAc,
15-50% EtOAc gradient). The products were generally white solids.

If aryl fluoride: The reaction was extracted with 1 M aqueous HCI (1 x 20 mL), saturated aqueous NaHCO3
(3 x 20 mL), and saturated aqueous NaCl (1 x 20 mL). The organic extracts were then dried over MgSO4
and concentrated under vacuum. The residue was purified by column chromatography (hexanes/EtOAc,
15-50% EtOAc gradient). The products were generally white solids.

2.3.2 General Procedure B

\I)L HBTU, DIPEA
OMe et DMF in CH,Cl,
MHaCl It

=1, F

The free acid (5.00 mmol for aryl iodides/1.00 mmol for aryl fluorides, 1 equiv) and HBTU (1 equiv) were
combined in a dried 250 mL round bottom flask. The solids were dissolved in 5% N, N-dimethylformamide
in dichloromethane with (0.05 M overall concentration), and the reaction was stirred for 5 min at room
temperature. The HCl salt (2 equiv) was added, the mixture was allowed to stir for an additional 5 min, and
then DIPEA (2 equiv) was added. The reaction was then stirred for 90 min.

If aryl iodide: The reaction was extracted with 1 M aqueous HCI (1 x 100 mL), saturated aqueous NaHCO3
(3 x 100 mL), and saturated aqueous NaCl (1 x 100 mL). The organic extracts were then dried over MgSQO4
and concentrated under vacuum. The residue was purified by column chromatography (hexanes/EtOAc,
15-50% EtOAc gradient). The products were generally white solids.

If aryl fluoride: The reaction was extracted with 1 M aqueous HCI (1 x 20 mL), saturated aqueous NaHCO3
(3 x 20 mL), and saturated aqueous NaCl (1 x 20 mL). The organic extracts were then dried over MgSO4
and concentrated under vacuum. The residue was purified by column chromatography
(dichloromethane/MeOH, 1-5% MeOH gradient). The products were generally white solids.
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Synthesis of Boc-Phe(4-1)-Leu-OMe

o
0 Ma HBTU, DIPEA _ o

L aH * OMe CH.Cl J
’ Lrh
BuO™ "N Me  NH,CI -2 ‘Bud

o] o]

-\l_,h-'la

Me

Following General Procedure A, the title compound was obtained as a white solid (1.95 g, 75% yield).

"H NMR (500 MHz, CDCls): 8 7.58 (d, J = 6.5 Hz, 2H), 6.94 (d, J = 6.5 Hz, 2H), 6.42 (br. s, 1H), 5.09 (m,
1H), 4.53 (app. q, 1H), 4.33 (br. s, 1H), 3.69 (s, 3H), 3.01 (dd, J = 13.8, 6.6 Hz, 1H), 2.94 (m, 1H), 1.64-
1.43 (multiple peaks, 3H), 1.39 (s, 9H), 0.88 (t, /= 5.6 Hz, 6H).

BC NMR (126 MHz, CDCls): 6 173.2,170.9, 155.7,137.9, 137.0, 131.9,92.5, 55.7,52.6,51.1,41.8, 37.73,
28.4,25.1,22.9,21.9.

HRMS (ESI) (m/z): [M+H] (C21H32IN>Os") calc. 519.1356; observed 519.1349.
Rs= 0.5 in 10% EtOAc in hexanes.

Mp = 135-136 °C.

Synthesis of Boc-Phe(4-F)-Leu-OMe

F

o
JCI?\ Ma HBTLU, DIFEA o 0 L]
+ -
oM OMa
Bud N Me MNH.CI CHZClz, 1. 'Bud N \':"‘Jl\ﬂ'l'\"la
H ! H i
o] o -\..T,ME

Ma
Following General Procedure A, the title compound was obtained as a white solid (308 g, 75% yield).

"H NMR (500 MHz, CDCls): 8 7.17 (dd, J = 7.61, 5.65 Hz, 2H), 6.97 (app. t, 2H), 6.24 (br. s, 1H), 5.00
(br. s, 1H), 4.56 (ddd, J = 8.6, 4.8, 4.7 Hz, 1H), 4.30 (app. d, 1H), 3.69 (s, 3H), 3.11-2.95 (multiple peaks,
2H), 1.62-1.45 (multiple peaks, 3H), 1.41 (s, 9H), 0.90 (t, /= 6.2 Hz, 6H).

BC NMR (126 MHz, CDCls): § 172.9, 170.8, 162.01 (d, J=245.2 Hz), 132.4, 131.1 (d, J=7.9 Hz), 115.6
(d, J=21.3 Hz), 80.5, 55.9, 52.4, 50.9, 41.8, 37.4, 28.4, 24.8, 22.9, 22.0.

F NMR (564 MHz, CD,Cl,): § —117.04 (app. s, 1F).
HRMS (ESI) (m/z): [M+H] (C21H32FN,Os") calc. 411.2295; observed 411.2288.
Rf=0.5 in 10% EtOAc in hexanes.

Mp = 97-103 °C.
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Synthesis of Boc-Phe(4-I)-Trp-Ome

HETU, DIPEA

o E] - o Q
+ HN 5% DMF in CH,Cl 4
’BuD'JLH OH NH3CI oy et *auu’ll‘ﬁ ”“\;-"Jj“oma

Q D:H
?NH

Following General Procedure B, the title compound was obtained as a white solid (2.25 g, 76% yield).

"H NMR (500 MHz, CDCls): & 8.06 (br. s, 1H), 7.53 (d, J = 8.0 Hz, 2H), 7.41 (d, J = 8.0 Hz, 1H), 7.37
(d, J=8.1 Hz, 1H), 7.19 (app. t, 1H), 7.09 (app. t, 1H), 6.96-6.80 (multiple peaks, 3H), 6.21 (br. s, 1H),
4.91 (br. s, 1H), 4.84 (app. q, 1H), 4.27 (br s, 1H), 3.67 (s, 3H), 3.26 (app. t, 2H), 2.92 (d, /= 6.8 Hz, 2H),
1.38 (s, 9H).

BC NMR (126 MHz, CDCl3): § 171.7, 170.4, 155.2, 137.6, 136.3, 136.1, 131.5, 127.5, 122.8, 122.4, 119.8,
118.4,111.4,109.7,92.4, 80.2, 55.4, 53.0, 52.5, 38.0, 28.2, 27.6.

HRMS (ESI) (m/z): [M+H] (C26H3:IN3Os5") calc. 592.1308; observed 592.1294.
Rf= 0.5 in 50% EtOAc in hexanes.

Mp =177-178 °C.

Synthesis of Boc-Phe(4-F)-Trp-OMe

F F

HETU, DIPEA

0 . o 0
+  HM . H
oH 5% DMF in CHCl &
'E.quL‘H NH;Cl it *BuDJ'LH "‘E’IJLGHH

o AN
BNH

Following General Procedure B, the title compound was obtained as a white solid (377 mg, 78% yield).

'"H NMR (600 MHz, CD,Cly): 6 8.29 (br. s, 1H), 7.43 (d, J= 7.9 Hz, 1H), 7.39 (d, J = 8.1 Hz, 1H), 7.29—
7.04 (multiple peaks, 4H), 7.03—6.87 (multiple peaks, 3H), 6.38 (app. d, 1H), 4.94 (br. s, 1H), 4.83 (app.
q,1H), 4.27 (br. s, 1H), 3.67 (s, 3H), 3.27 (d, /= 5.5 Hz, 2H), 3.01 (dd, /= 14.1, 6.4 Hz, 1H), 2.88 (m, 1H),
1.37 (s, 9H).

BC NMR (126 MHz, CDCls): § 172.2, 171.7, 171.0 161.0 (d, J = 241.4 Hz), 155.2, 136.1, 134.2, 131.0
(d,/=8.1Hz),127.1,123.8,121.0, 118.5, 114.6 (d, /= 20.8 Hz), 111.5, 109.2, 78.1, 55.6, 53.1, 51.9, 36.7,
28.1,27.1.

F NMR (564 MHz, CDCls: 8 -116.95 (app. s, 1F).

HRMS (ESI) (m/z): [M+H] (C26H31FN3Os") calc. 484.2248; observed 484.2243.

R¢= 0.5 in 50% EtOAc in hexanes.
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Synthesis of Boc-Phe(4-1)-Glu(OMe)-OMe

0 HBTU, DIPEA

M, oH  * MeO OMe P
L
Bu0” N NHCl e

OMea
Following general procedure, A, the title compound was obtained as a white solid (2.33 g, 85% yield).

'H NMR (500 MHz, CD,Cl,): & 7.64 (d, J = 8.3 Hz, 2H), 6.98 (d, J= 8.3 Hz, 2H), 6.63 (d, J= 7.8 Hz, 1H),
5.01 (br. s, 1H), 4.53 (ddd, J= 7.9, 7.8, 5.1 Hz, 1H), 4.30 (m, 1H), 3.72 (s, 3H), 3.66 (s, 3H), 3.03 (dd,J =
13.9, 6.4 Hz, 1H), 2.95 (dd, J = 13.9, 7.0 Hz, 1H), 2.44-2.25 (multiple peaks, 2H), 2.16 (dtd, J = 14.2, 7.5,
5.1 Hz, 1H), 1.93 (dtd, J = 14.2, 8.0, 6.3 Hz, 1H), 1.41 (s, 9H).

3C NMR (126 MHz, CDCl3): § 173.3, 171.7, 171.0, 155.4, 137.8, 136.2, 131.5, 92.6, 80.6, 55.6, 52.8,
52.0,51.8,37.8,29.9,28.4,27.4.

HRMS (ESI) (m/z): [M+H] (C21H30IN2O7") calc. 549.1098; observed 549.1098.
R¢= 0.4 in 50% EtOAc in hexanes.

Mp = 141-142 °C.

Synthesis of Boc-Phe(4-F)-Glu(OMe)-OMe

o HBTU, DIPEA
'Budy H NHsCl CHaCly, rt. | N
o o l
o "oMe
Following General Procedure A, the title compound was obtained as a white solid (393 mg, §9% yield).

'H NMR (500 MHz, CDCls): § 7.15 (dd, J = 8.4, 5.5 Hz, 2H), 6.95 (app. t, 2H), 6.65 (d, J= 7.7 Hz, 1H),
5.05 (d, J = 8.3 Hz, 1H), 4.54 (m, 1H), 4.31 (m, 1H), 3.69 (s, 3H), 3.64 (s, 3H), 3.02 (app. d, 2H), 2.44-
=221 (multiple peaks, 2H), 2.15 (m, 1H), 1.93 (dtd, J = 14.3, 8.1, 6.3 Hz, 1H), 1.39 (s, 9H).

BC NMR (126 MHz, CDCl3): 6 173.3, 171.8, 171.1, 162.1 (d, J = 245.3 Hz), 155.4, 132.3, 131.0 (d, J =
7.9 Hz), 115.6 (d, J=21.1 Hz), 80.5, 55.9, 52.7, 52.0, 51.8, 37.5, 29.9, 28 4, 27 4.

F NMR (564 MHz, CD,Cl,): 8 —116.95 (app. s, 1F).
HRMS (ESI) (m/z): [M+H] (C21H30IN>O7") calc. 441.2037; observed 441.2029.
R¢= 0.4 in 50% EtOAc in hexanes.

Mp = 123-125 °C.
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Synthesis of Boc-Phe(4-1)-Met-OMe

Cr
o HETU, DIPEA
Me3 ! -
& -
OH Ohe GHoCly, rt.
NH3Cl

Buly

I=z

SMe
Following General Procedure A, the title compound was obtained as a white solid (2.31 g, 86% yield).

H NMR (500 MHz, CDCLy): 8 7.62 (d, J = 8.1 Hz, 2H), 6.96 (d, J = 8.1 Hz, 2H), 6.53 (d, J = 7.7 Hz, 1H),
4.96 (br. s, 1H), 4.63 (app. q, 1H), 4.32 (m, 1H), 3.73 (s, 3H), 3.01 (d, J = 6.2 Hz, 2H), 2.42 (app. t, 2H),
2.23-2.02 (multiple peaks, 4H), 1.94 (m, 1H), 1.42 (s, 9H).

3C NMR (126 MHz, CDCl;): 8 171.8, 170.9, 155.4, 137.8, 136.3, 131.5, 92.6, 80.6, 55.6, 52.8, 51.7, 37.7,
31.6,29.9, 284, 15.6.

HRMS (ESI) (m/z): [M+H] (C20H30IN,OsS") calc. 537.0920; observed 537.0909.
R¢=0.55 in 50% EtOAc in hexanes.

Mp = 156-157 °C.

Synthesis of Boc-Phe(4-F)-Met-OMe

o]

0 Mot HBTU, DIPEA 0
ot OMe =
Buly H NH,Cl GH;-CI:, r.t. \E/JI"GHE
: 3
She

Following General Procedure A, the title compound was obtained as a white solid (382 mg, 89% yield).
"H NMR (500 MHz, CD>Cly): 6 7.18 (dd, J = 8.5, 5.6 Hz, 2H), 6.99 (m, 2H), 6.60 (br. s, 1H), 5.03 (br. s,
1H), 4.61 (ddd, J= 7.1, 6.4, 5.0 Hz, 1H), 4.31 (m, 1H), 3.71 (s, 3H), 3.07 (dd, J = 14.0, 6.4 Hz, 1H), 2.98
(dd, J=14.0, 7.1 Hz, 1H), 2.43 (app. t, 2H), 2.19-2.00 (multiple peaks, 4H), 1.92 (m, 1H), 1.39 (s, 9H).

BC NMR (126 MHz, CD,Cl,): 6 172.2, 171.2, 162.3 (d, J= 244.2 Hz), 155.7,133.0 (d, /= 3.2 Hz), 131.4
(d,J=79Hz), 115.6 (d,J=21.3 Hz), 80.5, 56.0, 52.8, 51.9, 37.5, 31.9, 30.1, 28 4, 15.5.

F NMR (564 MHz, CDCls): § —116.91 (app. s, 1F).
HRMS (ESI) (m/z): [M+H] (C20H30FN20sS") calc. 429.1859; observed 429.1855.
R¢= 0.55 in 50% EtOAc in hexanes.

Mp = 96-97 °C.
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Synthesis of Boc-Phe(4-I)-Ser-OMe

(o]
HBTU, DIPEA
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H H i
o 8] .

Following General Procedure B, the title compound was obtained as a white solid (1.78 g, 72% yield).

"H NMR (500 MHz, CDCls): 8 7.60 (app. t, 2H), 7.08 (br. s, 1H), 6.96 (d, J = 6.6 Hz, 2H), 5.20 (m, 1H),
4.60 (m, 1H), 4.36 (m, 1H), 3.90 (s, 3H), 3.81-3.72 (multiple peaks, 3H), 3.07 (dd, J = 14.0, 6.2 Hz, 1H),
2.94 (m, 1H), 1.38 (app. d, 9H).

BC NMR (126 MHz, CDCl;): 6 171.6,170.7, 155.9, 137.8, 136.3, 131.5,92.5, 80.8, 62.9, 55.8, 54.9, 52.95,
37.8,28.4.

HRMS (ESI) (m/z): [M+H] (CisH26IN2O¢") calc. 493.0836; observed 493.0828.
Rs= 0.5 in 5% MeOH in dichloromethane.

Mp = 131-133 °C.

Synthesis of Boc-Phe(4-1)-Lys(Boc)-OMe

o
o HETU, DIPEA
BocHMN —_—
oH ¢ \/\/\IJ\GHB
’EuO‘J‘L‘H NH,C1 CHaClg, . ":/lL‘DMa

NHBoc
Following General Procedure A, the title compound was obtained as a white solid (2.83 g, 88% yield).

'TH NMR (500 MHz, CD>Cl,): 6 7.62 (d, J = 8.3 Hz, 2H), 6.98 (d, J = 8.1 Hz, 2H), 6.52 (br. s, 1H), 5.11
(br. s, 1H), 4.71 (br. s, 1H), 4.49 (app. q, 1H), 4.32 (m, 1H), 3.70 (s, 3H), 3.10-3.01 (multiple peaks, 3H),
2.93 (dd, J = 14.0, 7.3 Hz, 1H), 1.80 (m, 1H), 1.65 (m, 1H), 1.51-1.36 (multiple peaks, 20H), 1.34-1.20
(multiple peaks, 2H).

BC NMR (126 MHz, CD,Cl,): & 172.7, 171.2, 156.3, 155.8, 137.9, 137.1, 131.9, 92.4, 80.5, 79.1, 55.7,
52.7,52.4,40.5,37.9,32.2,29.8, 28.6,28.4, 22.7.

HRMS (ESI) (m/z): [M+H] (C26H41IN304") calc. 634.1989; observed 634.1983.
R¢= 0.4 in 50% EtOAc in hexanes.

Mp = 145-146 °C.
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Synthesis of Boc-Phe(4-F)-Lys(Boc)-OMe

F F
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Following General Procedure A, the title compound was obtained as a white solid (458 mg, 87% yield).

"H NMR (500 MHz, CD,Cl»): 4 7.20 (dd, J = 8.5, 5.6 Hz, 2H), 6.99 (dd, J = 9.9, 7.5 Hz, 2H), 6.76 (br. s,
1H), 5.29 (br. s, 1H), 4.90 (br. s, 1H), 4.51 (app. q, 1H), 4.39 (m, 1H), 3.70 (s, 3H), 3.09 (m, 1H), 2.95(dd,
J=14.0, 7.6 Hz, 1H) 1.81 (m, 1H), 1.66 (m, 1H), 1.54-1.35 (multiple peaks, 20H), 1.33-1.19 (multiple
peaks, 2H).

3C NMR (126 MHz, CD,Cl»): § 172.7, 171.5,162.3 (d, J= 244.1 Hz), 156.3, 155.9, 133.2 (d, /= 3.2 Hz),
131.4 (d,J=7.9 Hz), 115.5 (d, J= 21.2 Hz), 80.4, 79.1, 56.0, 52.6, 52.5, 40.5, 37.7, 32.3, 29.8, 28.6, 28 4.

F NMR (564 MHz, CDCls): § —117.05 (app. s, 1F).
HRMS (ESI) (m/z): [M+H] (C26H41FN304%) calc. 526.2929; observed 526.2930.
R¢= 0.4 in 50% EtOAc in hexanes.

Mp = 122-124 °C.

Synthesis of Boc-Phe(4-I)-Tyr-OMe

|
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j“ HETU, DIPEA i
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. L 5% DMF in CH.Cl,  fgu0” N
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Following General Procedure B, the title compound was obtained as a white solid (2.39 g, 84% yield).

"H NMR (500 MHz, CDCl5): § 7.58 (d, J= 8.2 Hz, 2H), 6.91 (d, J= 7.9 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H),
6.69 (d, /= 8.4 Hz, 2H), 6.36 (d, /= 7.8 Hz, 1H), 5.87 (br. s, 1H), 5.01 (br. s, 1H), 4.74 (app. q, 1H), 4.30
(m, 1H), 3.70 (s, 3H), 3.17-2.81 (multiple peaks, 4H), 1.41 (s, 9H).

BC NMR (126 MHz, DMSO-dq): 4 171.9, 171.6, 156.1, 155.2, 137.9, 136.8, 131.8, 130.1, 126.9, 115.1,
92.1,78.2,55.4,53.9,51.9, 36.0, 28.1, 22.2, 14.0.

HRMS (ESI) (m/z): [M+H] (C24H30IN2O¢") calc. 569.1149; observed 569.1138.
R¢r= 0.4 in 50% EtOAc in hexanes.
Mp = 174-175 °C.
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Synthesis of Boc-Phe(4-F)-Tyr-OMe

E
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Following General Procedure B, the title compound was obtained as a white solid (378 mg, 82% yield).

"H NMR (600 MHz, DMSO-ds): & 9.23 (s, 1H), 8.23 (d, J = 7.5 Hz, 1H), 7.24 (app. t, 2H), 7.07 (app. t,
2H), 7.00 (d, J = 7.9 Hz, 2H), 6.87 (d, J = 8.9 Hz, 1H), 6.67 (d, J = 8.3 Hz, 2H), 4.40 (m, 1H), 4.14 (m,
1H), 3.57 (s, 3H), 2.95-2.80 (multiple peaks, 3H), 2.66 (dd, /= 13.7, 10.7 Hz, 1H), 1.28 (s, 9H).

13C NMR (126 MHz, CDCL3): § 171.6, 171.0, 162.1 (d, J = 245.1 Hz), 155.7, 155.4, 132.2 (d, J= 3.3
Hz), 131.0 (d, J = 8.0 Hz), 130.5, 127.1, 115.7, 115.5 (d, J = 21.2 Hz), 80.7, 55.8, 53.5, 52.5, 37.7, 37.3,
28.4.

1YF NMR (564 MHz, CD,Cl,): § —116.84 (app. s, 1F).

HRMS (ESI) (m/z): [M+H] (C24H30FN,O6") calc. 461.2088; observed 461.2083.

R¢= 0.4 in 50% EtOAc in hexanes.

Synthesis of Boc-Phe(4-1)-Pro-OMe

! "BuCI.,f_CI o %ﬂMH

] :
,EL HETU, DIPEA HN Ay
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BUO N ML CH,Cl,, rit.
]
|

Following General Procedure A, the title compound was obtained as a white solid (2.26 g, 90% yield).

'H NMR(500 MHz, DMSO-ds): Major rotamer (~83%): & 7.61 (d, J = 7.9 Hz, 2H), 7.03 (d, J = 8.0 Hz,
2H), 5.22 (d, J= 8.8 Hz, 1H), 4.62 (app. q, 1H), 4.50 (dd, J = 8.4, 3.9 Hz, 1H), 3.74 (s, 3H), 3.26 (m, 1H),
3.04 (dd, J=13.9, 6.9 Hz, 1H), 2.85 (dd, J=13.9, 6.0 Hz, 1H), 2.19 (m, 1H), 2.02—1.73 (multiple peaks,
3H), 1.38 (s, 9H).

"H NMR (500 MHz, DMSO-ds): Minor rotamer (~17%): 8 6.97 (d, J= 7.9 Hz, 2H), 5.32 (d, J= 8.9 Hz,
1H), 4.39 (m, 1H), 3.70 (s, 3H), 3.33 (m, 1H), 2.95 (dd, J= 12.9, 5.4 Hz, 1H), 1.66 (m, 1H), 1.41 (s, 9H).

Remaining minor peaks overlap with the major rotamer.

BC NMR (126 MHz, CDCl3): Major rotamer: § 172.4, 170.4, 155.2, 137.5, 136.0, 132.0, 92.4, 79.9, 59.0,
53.0,52.4,47.0, 38.6, 29.1, 28.4, 25.0.

3C NMR (126 MHz, CDCls): Minor rotamer: 171.9, 170.5, 154.8, 137.7, 136.3, 131.6, 92.35, 79.8, 59.2,
53.6,46.2, 40.5, 30.9, 22.3. Remaining minor peaks overlap with the major rotamer.

HRMS (ESI) (m/z): [M+H] (C20HasIN>Os") calc. 503.1043; observed 503.1036.

S25



Rs= 0.37 in 50% EtOAc in hexanes.

Mp = 66-69 °C.

Synthesis of Boc-Phe(4-F)-Pro-OMe

F
O

i HBTU, DIPEA _ HN\_,J'LN :
OH + Obke = i Q
(=S H NH,C! CH5Cl3, rt.
O
F

Following General Procedure A, the title compound was obtained as a clear oil (356 mg, 90% yield).

"H NMR (500 MHz, CDCls): Major rotamer: & 7.24 (dd, J = 8.4, 5.6 Hz, 2H), 6.98 (app. t, 2H), 5.25 (d, J
= 8.8 Hz, 1H), 4.62 (ddd, J = 8.8, 6.6, 6.6 Hz, 1H), 4.49 (dd, J = 8.4, 3.9 Hz, 1H), 3.74 (s, 3H), 3.60 (m,
1H), 3.21 (m, 1H), 3.07 (dd, J = 13.8, 7.0 Hz, 1H), 2.89 (dd, J = 13.8, 6.4 Hz, 1H), 2.01-1.86 (multiple
peaks, 2H), 1.65 (m, 1H), 1.38 (s, 9H).

'H NMR (500 MHz, CDCIl3): Minor rotamer: & 7.18 (dd, J = 8.3, 5.4 Hz, 2H), 5.34 (d, J = 8.8 Hz, 1H),
4.40 (m, 1H), 3.70 (s, 3H), 3.66 (dd, J= 8.4, 2.4 Hz, 1H), 3.33 (m, 1H), 2.99 (dd, J= 13.0, 5.3 Hz, 1H),
2.23 —2.12 (multiple peaks, 2H), 1.72 (m, 1H), 1.41 (s, 9H). Remaining minor peaks overlap with the major
rotamer.

BC NMR (126 MHz, CDCls): Major rotamer: § 172.4, 170.6, 162.1 (d, J = 244.6 Hz), 155.3, 132.1, 131.5
(d, /=79 Hz), 1153 (d,J=21.3 Hz), 79.9, 59.0, 53.3, 52.4, 47.0, 38.4, 29.2, 28 4, 25.0.

BC NMR (126 MHz, CDCls): Minor rotamer: 8 131.1 (d, J = 8.0 Hz), 115.5, 59.2, 52.9, 46.2, 40.2, 30.9,
29.8, 22.4. Remaining minor peaks overlap with the major rotamer.

F NMR (564 MHz, CDCl3): Major rotamer: 8 —117.32 (tt, J=9.1, 5.3 Hz).
F NMR (564 MHz, CDCls): Minor rotamer: 5 —-116.71 (tt, J= 9.0, 5.5 Hz).
HRMS (ESI) (m/z): [M+H] (Ca0HasFN2Os”) calc. 395.1982; observed 395.1977.

R¢= 0.4 in 50% EtOAc in hexanes.
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Synthesis of Boc-Phe(4-1)-His-OMe
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Following General Procedure B, the title compound was obtained as a white solid (1.55 g, 57% yield).

"H NMR (500 MHz, DMSO-ds): & 11.79 (broad singlet, 1H), 8.33 (d, J= 7.4 Hz, 1H), 7.58 (d, J = 7.9 Hz,
2H), 7.51 (s, 1H), 7.03 (d, J = 7.9 Hz, 2H), 6.90 (d, J = 8.7 Hz, 1H), 6.80 (s, 1H), 4.46 (m, 1H), 4.11 (ddd,
J=10.2,10.2, 4.2 Hz, 1H), 3.55 (s, 3H), 2.95-2.83 (multiple peaks, 3H), 2.61 (dd, J=13.8, 10.5 Hz, 1H),
1.26 (s, 9H).

BC NMR (126 MHz, DMSO-ds): 5 186.18, 185.94, 169.56, 152.32, 151.06, 149.24, 146.06, 106.40, 92.47,
69.70, 66.77, 66.19, 51.15, 42.45.

HRMS (ESI) (m/z): [M+H] (C21H2sIN4Os") calc. 543.1104; observed 543.1100.

Rf = 0.3 in 5% MeOH in dichloromethane.

Mp =94-96 °C.

Synthesis of Boc-Phe(4-1)-Cys(Bzl)-OMe

=] HETU, DIFEA N o
o * Ph 5 OMe =
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Following General Procedure A, the title compound was obtained as a white solid (2.42 g, 81% yield).

'H NMR (500 MHz, CDCls): & 7.54 (d, J = 8.2 Hz, 2H), 7.32-7.20 (multiple peaks, 5H), 6.89 (d, J = 7.9
Hz, 2H), 6.46 (d, J= 7.8 Hz, 1H), 4.86 (broad singlet, 1H), 4.64 (apparent quartet, 1H), 4.27 (broad singlet,
1H), 3.66 (s, 3H), 3.60 (s, 2H), 3.01 (m, 2H), 2.83 (ddd, J = 32.85, 13.86, 5.12 Hz, 2H), 1.34 (s, 9H).

BC-NMR (126 MHz, CDCls): § 170.74, 170.66, 155.23, 137.71, 137.60, 136.10, 131.44, 128.95, 128.65,
127.33,92.48, 80.45, 55.36, 52.75, 51.66, 37.79, 36.56, 33.30, 28.27.

HRMS (ESI) (m/z): [M+H] (C2sH32IN>OsS") calc. 599.1077; observed 599.1071.
Rf = 0.5 in 20% EtOAc in hexanes.

Mp = 148-150 °C.
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3. Borylation General Procedures

Note: Air-free storage of XPhos was crucial to achieving excellent borylation yields with aryl chlorides.
XPhos must be stored in a glovebox to prevent long-term atmosphere exposure as it was observed that this
exposure shuts down successful borylation-CMRF of aryl chlorides. This was not observed with aryl iodides
or bromides. With these latter substrates, XPhos could be stored on the benchtop.

3.1 General Procedure C: Palladium-Catalyzed Method @ 1% Pd(OAc):

A 10 mL vial equipped with a stir bar was charged with aryl iodide or bromide (125 pmol, 1 equiv),
potassium phosphate tribasic (275 umol, 2.2 equiv), Bapin, (150 umol, 1.2 equiv), palladium acetate (1.25
pumol, 1 mol %), XPhos (3.75 umol, 3 mol %), and isopropyl acetate (IPAC, 5.2 L/mol). The vial was sealed
with a Teflon-lined screw cap and wrapped with electrical tape, and the reaction was stirred on a hot plate
preset at 85 °C for 16 h. The reaction was then allowed to cool to room temperature. IPAC (0.25 mL) was
added, and the reaction was filtered using a syringe filter into a new vial. The original 10 mL vial was rinsed
once with IPAC (0.15 mL), and this mixture was filtered. The combined IPAC filtrate was carried on to the
radiofluorination procedure without further purification.

3.2 General Procedure D: Palladium-Catalyzed Method @ 2% Pd(OAc):2

A 10 mL vial equipped with a stir bar was charged with aryl iodide (125 umol, 1 equiv), potassium
phosphate tribasic (275 pumol, 2.2 equiv), Bapin, (150 umol, 1.2 equiv), palladium acetate (2.5 pumol, 2
mol %), XPhos (7.5 umol, 15 mol %), and isopropyl acetate (IPAC, 5.2 L/mol). The vial was sealed with a
Teflon-lined screw cap and wrapped with electrical tape, and the reaction was stirred on a hot plate preset
at 85 °C for 16 h. The reaction was then allowed to cool to room temperature. IPAC (0.25 mL) was added,
and the reaction was filtered using a syringe filter into a new vial. The original 10 mL vial was rinsed once
with IPAC (0.15 mL), and this mixture was filtered. The combined IPAC filtrate was carried on to the
radiofluorination procedure without further purification.

3.3 General Procedure E: Palladium-Catalyzed Method @ 5% Pd(OAc):2

A 10 mL vial equipped with a stir bar was charged with aryl iodide or bromide (125 pmol, 1 equiv),
potassium phosphate tribasic (275 umol, 2.2 equiv), Bapin, (150 umol, 1.2 equiv), palladium acetate (6.25
umol, 5 mol %), XPhos (18.75 umol, 15 mol % or 12.5 umol, 10.0 mol %), and isopropyl acetate (IPAC,
5.2 L/mol). The vial was sealed with a Teflon-lined screw cap and wrapped with electrical tape, and the
reaction was stirred on a hot plate preset at 85 °C for 16 h. The reaction was then allowed to cool to room
temperature. [PAC (0.25 mL) was added, and the reaction was filtered using a syringe filter into a new vial.
The original 10 mL vial was rinsed once with IPAC (0.15 mL), and this mixture was filtered. The combined
IPAC filtrate was carried on to the radiofluorination procedure without further purification.

3.4 General Procedure F: Palladium-Catalyzed Method @ 2% Pd2(dba)s for Aryl Chlorides
A 10 mL vial equipped with a stir bar was charged with aryl chloride (125 pumol, 1 equiv), potassium
phosphate tribasic (375 pmol, 3 equiv), Bzpin; (375 pmol, 3 equiv), Pd2dbas (5 pmol, 2 mol %), XPhos (10
pumol, 8 mol %), and isopropyl acetate (IPAC, 5.2 L/mol). The vial was sealed with a Teflon-lined screw
cap and wrapped with electrical tape, and the reaction was stirred on a hot plate preset at 110 °C for 16 h.
The reaction was then allowed to cool to room temperature. IPAC (0.25 mL) was added, and the reaction
was filtered using a syringe filter into a new vial. The original 10 mL vial was rinsed once with IPAC (0.15
mL), and this mixture was filtered. The combined IPAC filtrate was carried on to the radiofluorination
procedure without further purification.
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4. Screening

with and without K
o 4 ag CulOThH;
4 aqg KF

MeCN *
Maly B0 ", My, ovamight Mely Med

1 none 33

1 equiv KI 92

3 1 equiv of KI + 1 23
equiv AgOTf

Table S1. Screens to determine impact of KI on CMRF

0.25 equiv Cu{OTH):

1.25 aquiv pyridine
/@,BPIH K18 (=1.39 mGi) ,©15F
:
Ph IPAC/DMAJA-BuOH Ph
additive
120 2C, 20 min

Runl Run2 Run3 Run4

Additive (RCC) (RCC) (RCC) (RCCO) Avg+Std. Dev
none 97 98 96 97 97+ 1
Pd(OAc); 54 55 95 87 73 +£21
Cu(OAc) 0 0 --- --- 0
instead of
Cu(OTH),
XPhos 64 56 86 95 75+ 18
B;Pin; 68 72 87 85 78+ 9
K3PO4(no 51 40 87 83 65 +23
overnight stir)
K;POy4 0 0 0 0 0
(overnight stir
@ 85°C)
KOAC 0 0 0 0 0
KI 0 0 0 0 0
KEH 0 0 0 0 0

Table S2. Screen to assess impact of each component of Pd-catalyzed borylation on the yield and
reproducibility of CMRF
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/@/' 53+4 83+£2
MeO,C
/@Bf 46+ 1 94 £ 6
MeO,C
/@/C' 51+£5 79+ 4
MeO,C
/©/' 55+£3 65+ 6
N
o O/' 54 +1 88 +3
A
H
o /©/Br 61+9 85+1
A N
0 d 58 + 11 86+ 5
AT
H
/@/' 58+4 76 +£2
PhO
/@/' 59+0.4 75+2
&)
| 63 +2 74 + 1
L,
\ 2243 33+8
o cl 35+7 94+ 2
L
(o]
O OMe
OMe
o 38+5 86+2
0.
O
=T
O/C' 65+4 72+ 7
\/0%0
[e]

Table S3. Examples of substrates with modest borylation yield but high RCC in subsequent CMRF
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T &7 L, T

Figure S1. Substrates that afforded <1% RCC in sequential borylation-radiofluorination

1 maol % Pd{OAc): .
3 mol % XPhos filtration then 025 aquiv Cu{OTr);

1.2 equiv Bzping 1.25 equiv Pyridina

ol 23 qu kPO, BPFin KI®F (~1.39 mCi) 1*F
IF'AE 85 “C ‘ IPAC/DMA/R-BulH
120°C, 1h

Mz, avarnight

g Me
Cha i -
“5=MN
”'F
o
27T £12% (n=3) 30 £ 12% (n = 4) not delected
Figure S2. Bioactive aryl chlorides @ 1% Pd(OAc),loading
5 mal % Pd{DAc); _
15 mol % XPhos filtration then 0.25 equiv Gu[FJTI}z
1.2 equiv Byping 1.25 equiv Pyridine
Cl 2.2 aquiv K3POs BPin KF (-1.39 mGi) B
—_— .
IPAC, B5 °C IPAC/DMA/n-BuOH
M, evernight 120°C,1h
OMe

Mel
DaMe ol G
o4 i
18 18 o
F F O M..-'\-u.j
13 L‘-./D

58 + 15% (n=4) 22+ 14% (n = 4) 54 +3% (n=4)

Figure S3. Bioactive aryl chlorides @ 5% Pd(OAc) loading (XPhos stored on benchtop)
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1 mal % PdiDAc)z
3 mol % XPhos

1.2 equiv Byping

Br 32 aquiv KsPO, Bpin ther
—_—
IPAC, B5 °C Atfrmficn
Phi Ph

Ma, overnight

Asu,
(e

0.45 pum nylon syringe filter

Borylation mixture Borylation mixture
after running reaction after filtration
overnight

Figure S4. Photograph of telescopic borylation-CMRF of aryl halides (Note: color of reaction varied with
substrate)
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5. Radiochemistry General Details

5.1 Radiochemistry Terms
Activity = the amount of radioactivity. In our research article and Supporting Information, Bq are used as

the SI units, while the corresponding values in Ci and mCi are given in parentheses.

Radiochemical conversion (RCC) = % conversion of ["*F]KF to ['®F]F-labeled organic product as
determined generally by radio-TLC or radio-HPLC (as specified).

RCC (by rTLC) = RCC measured by radio-TLC (rTLC). It is defined as the amount of radioactivity in the
higher R spot (organic product) relative to the radioactivity of the crude reaction.

An example with an RCC of 80% is shown below.

10000 A O T

| | Radio TLC -
8000 — I -
] | | Higher i
_ | x Rt -

6000 — |
= ] | B
3 . Lower Lo -
O - \ \ L
s000 | R I -
2000 — ;“ | -
— 77/.“‘.‘ “'\\\77#!7—777—/ / \177 —

07 . ]

60 70 80 90 100 110
Position (mm)

RCP (by rHPLC) = RCC determined by radio-HPLC (rHPLC). It is defined as the amount of radioactivity
in the target product relative to the total radioactivity in the reaction. However, in this study, for the reactions
for which rTLC analysis was used, we did not integrate HPLC peaks estimated to be ionic ('*F) (gamma
peaks eluting before the solvent front with a high % organic mobile phase).

When rTLC is performed, RCC (by tHPLC) =

mV

13.267

100 I
(1 97%

50

251 Not Integrated [
2 1% 2 2 05%

— N ]

T U

T T T T T
0.0 25 5.0 75 10.0 12.5 15.0 17.5 200
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Radiochemical yield (RCY) = the yield of ['8F]F-labeled organic product. There are two types of RCY
(non-isolated and isolated)

Non-isolated RCY = Radiochemical yield for manual reactions. If rTLC is used, non-isolated RCY is
defined as RCC (by rTLC) multiplied by RCP (by rHPLC). If rTLC is not used, non-isolated RCY is equal
to RCC (by rHPLC).

Isolated RCY is calculated after the final product is isolated by preparatory HPLC in a synthesis module.
Decay corrected.

Isolated activity (mCi
y ) x 100

RCY =
Starting activity (mCi)

Starting activity = the maximum activity ['*F]KF used in a radiosynthesis. The maximum activity reading
was taken from the radiation detector in the hot cell.

Isolated activity = the activity of purified radiolabeled product.

Decay correction = the calculation used to compare activities of multiple compounds/aliquots that are
measured at different time points.

T/20.38 A
T

1
Ar = Ay X (—) o Ay =
’ 0 2 0 1)T/20.38

@
Ar= The radioactivity before decay correction (mCi)

Ao = The radioactivity after decay correction (mCi)

T = difference (minutes) between two time points

Molar activity (Am) = the Activity (Ci) of the radiolabeled product (umol) of compound.

Beam length = Duration of cyclotron irradiation to generate ['*F]KF
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6. Manual Radiofluorination Reactions

6.1 Generation of ['8F|KF

['®F]KF was produced by cyclotron as described in the literature®' and then trapped on a QMA Sep-Pak
filter and eluted into the reaction vessel using KOTf (10 mg) and minimal K>COs (50 pg) in H>O (0.5 mL).
The solution was dried azeotropically with MeCN (1 mL). After drying, dimethyl acetamide (3 mL) was
added, and the resulting solution was used in radiochemical reactions.

6.2 General Manual Radiofluorination Setup
Prepared stock solution A: The stock solution was prepared to contain enough for 75 radiofluorinaton
reactions for radiofluorination. 20 uL of this stock solution contains 5 umol Cu(OTf), and 25 umol pyridine.

Cu(OTH), (135.75 mg) was weighed into 4 mL vial, and the vial was removed from the glovebox. Pyridine
(151.2 puL), and dimethyl acetamide (DMA) (1.5 mL) were added, and the mixture was sonicated to ensure
complete dissolution.

A. 20 pmol scale radiofluorination. A 4 mL vial equipped with a stir bar was charged with 80 uL (20
pumol) of the borylation reaction taken directly from the filtrate of the respective aryl iodide substrate. 20
uL of stock solution A was added. Within 10 min, 100 pL of ['*F]KF was added (1.39 mCi = 51.4 MBq).
The reaction was then heated at 120 °C in a pre-heated hotplate for 20 min. The vial was allowed to cool
(over 5 min) before proceeding with radiochemical analysis.

6.3 Analysis of Manual Radiofluorination Reactions
6.3.1 Radio TLC
AR-2000 TLC Scanner (Eckert & Ziegler) was used to scan TLC plates for RCC analyses

6.3.2 Analytical HPLC

Column A : Ultremex 5p C18 250 x 4.6 mm 5 micron
P/N = 00G-0048-E0

Coulmn B: Luna C18(2), 150x4.6 mm, 5 micron
P/N = 00F-4252-E0

Column C: Kinetex evo C18 250x4.6' 5 micron
P/N =00G-4633-E0

Column D: Kinetex PFP column; 250x4.6' 5 micron
P/N = 00G-4602-E0

HPLC Method 1

Flow rate: 1.0 mL/min

UV Detection: 254 nm

Solvent A = H,O + 0.5% TFA; Solvent B=MeCN + 0.5% TFA

0-2 minutes: 5% B (hold)

2-15 minutes: 5 — 95% B

15-16 minutes: 95% B (hold)

16-16.5 minutes: 95 — 5% B

16.5-22 minutes: 5% B (hold)

HPLC Method 2 (Fastramp)

Flow rate: 1.0 mL/min

UV Detection: 254 nm

Solvent A = H,O + 0.5% TFA; Solvent B =MeCN + 0.5% TFA
0-3 minutes: 5% B (hold)

3-10 minutes: 5 — 95% B

10-15 minutes: 95% B (hold)

15-16 minutes: 95 — 5% B
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16-22 minutes: 5% B (hold)

HPLC Method 3

Flow rate: 2 mL/min

UV Detection: 254 nm

Solvent A = H,O + 0.5% TFA; Solvent B =MeCN + 0.5% TFA
0-3 minutes: 5% MeCN

3-17 minutes: 5-95% MeCN

17-20 minutes: 95% MeCN

20-30 minutes: 5% MeCN

HPLC Method 4

Flow rate: 2 mL/min

UV Detection: 254 nm

Buffer = 30% MeCN, 10 mM NH4HCOs, pH 10
Isocratic Gradient

HPLC Method 5

Flow rate: 2 mL/min

UV Detection: 254 nm

Solvent A = H,O + 10 mM NaOAc; Solvent B=MeCN
0-3 minutes: 5% MeCN

3-17 minutes: 5-95% MeCN

17-20 minutes: 95% MeCN

20-30 minutes: 5% MeCN

HPLC Method 6

Flow rate: 2 mL/min

UV Detection: 254 nm

Buffer = 40% MeCN, 40 mM NH4sHCO3, pH 6.9
Isocratic Gradient

6.4 Manual Radiofluorination Yields and Analysis Spectra

The presence of the desired compound was confirmed by co-injection (the authentic standard and the crude
solution were injected onto the radio-HPLC and parallel UV and RAD detectors were used). Co-injection
overlap was based on the known offset due to distance in volume and flow rate between the UV and RAD
detectors. Notably, the sample is detected by the UV detector first and then by the RAD detector, which

impacts the retention times (difference < 0.5 mins).
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6.4.1 Palladium-Catalyzed Borylation Telescope of Aryl Iodides
4-Iodobiphenyl (2a)

1 mal % Pd(OAc), filtration then ,
3 mal % XPhos 0.25 aquiv Cu{OTl)

1.25 aquiv Pyridina

1 1.2 aquiv Bzpin; BPin . i
/@’ _ 22 8quiv KaPOy /@’ K'*F (~1.39 mCi)
Ph " pac.ssc IPAC/DMA/n-BUOH

Mz, avernight 120 %G, 20 min

: 'I«!-F
Ph

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column A. HPLC Conditions: Method 1. Non-isolated RCY = 86 + 7%

n RCC[%] RCP[%] RCY [%]
1 74 99 74
2 92 99 92
3 89 99 89
4 89 99 89

Radio TLC (Hex:EtOAc = 1:1)

25000 | T I I T Ll

20000

15000 — [ E

Counts
L

10000

5000

. _

60 70 80 20 100 110
Position (mm)

HPLC (UV trace): authentic standard

my

3000+

18.217

2000+

1000+

HPLC (radio trace): radiofluorination reaction (crude)

mv

100

50

Detector A 254nm

AD2

0.0 25 50 75 100 125 15.0 17.5
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N-(4-Iodophenyl)acetamide (2b)
1 mol % Pd{D#c
3 mod %% ){:F'haah filtration then 025 equiv Cu{OTT);
1.2 equiv Byping 1.25 equiv Pyridine
o I 2.2 aquiv KaP O, o BPin K'9F (~1.38 mCi) o 10
—_— e
1 ©/ IPAC, 85 °C Py ,@ IPAC/DMAIN-BuOH L @
Mg H M3, cvernight Ms H 120 #C, 20 min Me H

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 85 + 6%

n RCC[%] RCP[%] RCY [%]
1 92 99 92
2 86 99 86
3 86 99 86
4 77 98 76
Radio TLC (Hex:EtOAc = 1:1)
15000 ——L-- D e
10000 — |
5000 ] [

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

mv

Detector A 254nm
1000+

750 |
500

250 Il

HPLC (radio trace): radiofluorination reaction (crude)

my

5 ADZ

e e ——

T T T T T
00 25 50 75 100 125 15.0 175 200
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Methyl 4-iodobenzoate (2¢)

1 miol % Pd{OAc)k:

3 mal % XPhos
1.2 equiv Bzping

IPAC, 85°C
M2, cwarnight

: .
MeO;C

22 equiv K4PO4
e

filtration then  0.25 equiv Cu{OTf).
1.25 equiv Pyridine
KPF (~1.39 mCi)

@,BPin
Mel,C

IPAC/DMAR-BuOH
120 2C, 20 min

. 1BF
Me0;C” :

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 83 + 2%

n RCC [%] RCP [%] RCY [%]
1 81 99 81
2 86 99 86
3 84 99 84
4 81 99 81
Radio TLC (Hex:EtOAc =1:1)
30000 -1 Lol I T I A L1 .
25000 | B
20000 E E
8 B o
3 15000 — H
10000 : :
5000 : .
o ] ) ] |E
60 70 80 90 100 110
Position (mm)
HPLC (UV trace): authentic standard
300] g Detector A 254nn
200 |
|
\
f
HPLC (radio trace): radiofluorination reaction (crude)
3 AD2
& :*"\g
.‘!
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4-Todobenzonitrile (2d)

1 mol % Pd(OAs),
[
NG :

3 mal % XPhos
1.2 aquiv Byping
2.2 aquiv KyPOy
RS - ——
IPAC, B5 °C
Ma, ovarmight

fittration then 0.25 equiv Cu{OTl):

/@,E Pin
MNC

1.25 equiv Pynidine
K8F (=1.38 mCi)

IPAC/DMA/R-BuOH
120 °C, 20 min

_ : 18
NG

Borylation procedures: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Condition: Method 1. Non-isolated RCY = 66 = 6%

n RCC[%] RCP[%] RCY [%]
1 56 99 56
2 68 99 68
3 71 99 71
4 70 99 70
Radio TLC (Hex:EtOAc = 1:1)
4000 L] R
1000 | -
o -

70 80

a0 100 110

Position (mm)

HPLC (UV trace): authentic standard

my
75

50—

25

[}

00 25 5.0 75 100

HPLC (radio trace): radiofluorination reaction (crude)

my

204

Detector A 254nm

12185
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5-Iodobenzo[b]thiophene (2¢)

1 mal % Pd{DAe
3 mol % thuE}a filtration them ; 25 squiv Cu(OTI,
I 1.2 equiv Byping BPin 1.25 aquiv Pyridina 18
(/i@’ _220quiv KsPO, (t@’ K'F (~1.39 mGi) _ (;j@’
5 T PAC.BSC IPACIDMAIN-BuOH s
Mz, owarnight 120 *C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =79 + 2%

n RCC[%] RCP[%] RCY [%]
1 80 99 80
2 81 99 81
3 77 99 77
4 76 99 76
Radio TLC (Hex:EtOAc = 1:1)
20000 . [ L [ C
15000 : i

Counts
=)
o
(=1
a
|
T

€0 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

my

3000+ Detector A 254nm|

15102

2000

1000 |

o _ L -
R R N I PR
00 25 50 75 10.0 125 150 175 200

HPLC (radio trace): radiofluorination reaction (crude)

mv
o ADZ
100 ]
IE4
75 [
Il
50
|
25+ |
N
=
ol— — - N
’ T | T |
0.0 25 50 75 10.0 125 150 175 20.0
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5-Iodo-1H-indole (2f)

1 mol % Pd(0DAs)

3 mal % XFPhos

....:,.-I
‘
MN
H

1.2 aquiv Baping
2.2 equiv K3POy
D E——
IPAC, 85 °C
Ny, overmight

- : .BPin
‘
N
H

filtration then

0.25 equiv Cu(OTH);
1.25 equiv Pyridine
K'"Fi-1.39 mCi) _

IPAC/DMAIR-BuOH
120 °C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =70 + 3%

Radio TLC (Hex:EtOAc = 1:1)

n RCC[%] RCP[%] RCY [%]
1 73 92 67
2 72 98 70
3 78 97 76
4 75 90 68
10000 [ T Y |
é i

4000 —

2000 —

HPLC (UV trace): authentic standard

my

2000

1000+

0

u—m_—ﬁm:"- T

0.0

HPLC (radio trace): radiofluorination reaction (crude)

mV

100+

7.5+

5.0

25

0.0

60 70 80 20 100 110
Position (mm)
g Detector A 254nm|
A
|
T T T T T T
25 5.0 75 100 125 15.0 175 200
min
5 AD2
g
e
|
I |
A
i
- | g
-] | b
e w
2 \ N
- oy SIS
. R . RN I
() 25 50 75 100 125 150 175 200
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2-Todo-1,3,5-trimethylbenzene (2g)

1 mol %% Pd({OAc): filtration then

3 maol % XPhos 0.25 equiv Cu{OTfz
M 1.2 aquiv Baping Me 1.25 equiv Pyridine =]
I 2.2 equiv K4POy BPin K''F (~1.38mCi) e 2
—_— -
IPAC, 85 °C IPAC/DMASR-BuOH
Ma Me M., overnight Me Me 120 *C, 20 min Ma Me

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =33 + 7%

n RCC[%] RCP[%] RCY [%]
1 45 99 45
2 31 99 31
3 29 98 28
4 28 97 27

Radio TLC (Hex:EtOAc = 1:1)

8000
6000

4000

Counts

2000

0 e

60 70 80 90 100 110
Paosition (mim)

HPLC (UV trace): authentic standard

mv

Detector A 254n;

16.967

2000
1500~ I

1000+ |

HPLC (radio trace): radiofluorination reaction (crude)

mvV

AD2

17.555

75

50

25

0.0 25 5.0 75 10.0 125 15.0 17.5 20.0
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1-Iodo-3,5-dimethoxybenzene (2h)

1 mol % Pd{OAC); filtration then .
3 mol % XPhos 0.25 equiv Cu(OTl}:
1.25 equiv Pyridine

MaO I 1.2 equiv Bzping Mal. BPin i Mal 18
2.2 aquiv KaPOy K'"*F (1.3 mCi)
_——- -
IPAG, BS °C IFACIDMA/n-BusH
Mz, ovarnight 120 °C, 20 min

Oida OMe OMe

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A: HPLC Conditions: Method 1. Non-isolated RCY = 84 + 4%

n RCC [%] RCP [%] RCY [%]
1 89 99 89
2 83 99 &3
3 85 99 85
4 78 99 77
Radio TLC (Hex:EtOAc = 1:1)
40000 T
30000 } i
£ 20000 -
10000 —_ :
0 ) - - - [
o F——

60 70 80 a0 100 10
Position (mm)

HPLC (UV trace): authentic standard

my

Detector A 254nm|

13975

2000+

1000+

o S
R R A T A B B A B e e B
00 25 50 75 100 125 150 175 200

HPLC (radio trace): radiofluorination reaction (crude)

my

ADZ
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4-Todophenol (2j)

1 mal % Pd{0Ac)s
3 mol % XPhos

1.2 equiv Baping
2.2 aguiv KaP Oy _

ney

IPAC, BE*C

Ma, avamight

filtration then

’©,E Pin
HO

0.25 equiv Cu(OTH),
1.25 equiv Pyridine
KF (~1.38 mCi)
IPAC/DMAR-BuOH
120 °C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Condition: Method 1. Non-isolated RCY = 59 + 5%

n RCC [%)] RCP [%] RCY [%]
1 61 93 57
2 70 94 66
3 59 89 53
4 64 90 58
Radio TLC (Hex:EtOAc = 1:1)
8000 b b b S
6000 | L
s i L
3 4000
2000 —_ :
O — E—
60 70 80 90 100 110
Pasition (mm)
HPLC (UV trace): authentic standard
) 500 § Detector A 254nm
4005 ‘E
200; ‘l
100+ \I‘
HPLC (radio trace): radiofluorination reaction (crude)
su—g
251 2 8§ ¥
T R w
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1-Iodo-4-phenoxybenzene (2Kk)

1 mol % Pd(0Ac)s )
3 mol % XPhos filtration then 0.25 aquiv Cu{OTl)

1.2 aquiv Baping 125 aquiv Pyridine

I 22 aquw KaPOy BPin K'*F (<139 mGi) 18
,©/ IF’AG 85°C ,©/ IPAC/DMAR-BUOH @
Ph PhO 120 °C, 20 min PhOD

M2, ovarmight

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =76 + 2%

n RCC[%] RCP[%] RCY [%]
1 76 99 76
2 77 99 77
3 75 98 74

Radio TLC (Hex:EtOAc = 1:1)

15000 T T Y I A I

Counts

o__:m_m '

60 70 80 90 100 110
Position (mm)
HPLC (UV trace): authentic standard
mv
3000 N Detector A 254nm|
|
2000+
I
1000+
i _
0.0 25 5'0 7‘5 1dU 125 ‘I.';G 17‘5 200

HPLC (radio trace): radiofluorination reaction (crude)

mv

! ADZ
751 P

50+

25+

T T
0.0 25 50 75 10.0 12.5 15.0 17.5 20.0
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: -
BocHM

tert-Butyl (4-iodophenyl)carbamate (21)

1 mol % Pd{OAc)s
3 mal % XPhos
1.2 aquiv Bapin;

2.2 equiv KaP Oy
[E——

IPAC, BS °C
M, ovarnight

filtration then 0.25 equiv Cu{OTH);

BocHM

1.25 aquiv Pyridine
K'®F (=1.39 mCi)

IPAC/DMASn-BulH
120 °C, 20 min

_ : 18
BacHM

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 83 + 9%

n RCC[%] RCP[%] RCY [%]
1 70 99 70
2 90 99 90
3 81 98 80
4 94 98 92
Radio TLC (Hex:EtOAc = 1:1)
10000 T T T T Y T
8000 ] ‘ﬁ‘ 3
] ‘ C
] Il C
g 0] i -
o 4000 I“ ‘|‘ -
] | L
—— ) ok
0 . \'jl \ T ] ’j ‘\’ I i
60\ T \7‘0\ T |8‘0\ T \9‘0\ T |1‘DU| T \1‘:0\ T
Position (mm)
HPLC (UV trace): authentic standard
rgi Detector A 254nm|
|
hE o o N
{ 5 10 15 2 25 30
HPLC (radio trace): radio™ i
E ¥§ AD2|
30-] “:
25: |
] |
e I
1 i § 5

min



4-(4-Iodophenyl)morpholine (2m)

1 mol % Pd{OAc): filtration themn ;
3 mol % ¥Phos 028 equiv Cu(OTf):
I 1.2 equiv Bsping EPin 1.25 aquiv Pyridine 18
/©/ 12 Eqw -t @ KI*F ~1.39 mCi) /@'
[/\N ~wpac.sc IPACIDMA/R-BuOH (N
[+] Mz, overnight 120 %C, 20 min ﬂ\,fJ

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 64 + 2%

n RCC [%)] RCP [%] RCY [%]

1 69 91 62

2 73 93 68

3 63 99 63

4 66 95 62

Radio TLC (Hex:EtOAc = 1:1)
12000
10000 |
8000 |
§ 6000 —|
4000 |
2000
0 — e
60 70 80 90 100 110
Position (mm)
HPLC (UV trace): authentic standard
mV
200
150
0.0 o .2:5 .S:D. ' 75 10.‘0. o .12..5 o .15..0 17.5 ' .ZUI‘G. o

HPLC (radio trace): radiofluorination reaction (crude)

mV

250-|

10834

200-|
150
100

50

14,130

8.739
| 15.989

0.0 25 50 75 10,0 12.5 15.0 17.5 20.0
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4-Iodo-N, N, -dimethyl aniline (20)

1 mal % PdiOAc); filiration then )
I mol ¥ XPhos 0.25 equiv CulOTl);

1.25 equiv Pyndine

1 1.2 equiv Baping BPin - _ 18
’©’ _220quiv KsPOs /@’ KI*F (~1.39 mCi) _
e T PAC.B5°C IPACIDMAIn-BUOH ~ Me.

1 1200°G, 20 min |
Ma M, cvernight Me

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 5. Non-isolated RCY =29 + 6%

n RCC[%] RCP[%] RCY [%]
1,2 37,41 58,63 21,26
3,4 55,47 71,69 34,38
5,6 47,42 69,71 33,29
7,8 40,37 68,58 27,21
Radio TLC (Hex:EtOAc = 1:1)
] |
ol <

60 70 80 20 100 110 120

Position (mm)
HPLC (UV trace): authentic standard
mv
| E Detector A 254nm
1000+ : =
|
750+ |
500+ l |
250 ‘ |
0 / I‘
% 1‘0 ‘ 15 2‘0 25 30
min
HPLC (radio trace): radiofluorination reaction (crude)
mV
20 z ADZ
15:
] |,
107 -
o at
] e |
5 h g 5\ |
1 m‘,’ J\ H
Tl A i LI T o hutsmass st S L
5 10 1‘5 2‘0 2‘5 QO
min
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1-(4-Iodophenyl)-1H-pyrrole (2p)

1 mal % Pd{DAz): filtration then )
3 mal % XPhos 025 equiv Cu(0Tf):

I 1.2 equiv Bpins BEPin 1.25 squiv Pyriding 1B
©/ _22 equiv KsPOy ’©' K'"F (~1.39 mCi) @'
¥ M |F'm: 85°C IPACDMA/R-BuOH N

= Mz, owernight 12072, 20 min —

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column A. HPLC Conditions: Method 1. Non-isolated RCY =75 +£ 2%

n RCC[%] RCP[%] RCY [%]
1 77 99 77
2 76 99 76
3 75 99 75
4 72 99 72
Radio TLC (Hex:EtOAc = 1:1)
20000
15000
% 10000
5000
0 I — ]
60 70 8 90 100 110
Position (mm)
HPLC (UV trace): authentic standard
20001 |
1000 ‘\
o_o 25 50 75 100 125 150 175 720'0

HPLC (radio trace): radiofluorination reaction (crude)

my

AD2

15.291

150

100

S0

Lolly] 25 50 75 10.0 125 150 175 200
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1-Iodo-4-nitrobenzene (2q)

o
O:N

1 mal % Pd{OAc),
3 mol % XPhos
1.2 equiv Byping
22 Equw KaPOy

IF'AG B5°C
My, overnight

ol

filtration then

0.25 squiv Cu(OTH),

K'™F (=1.39 mCi)

IPACDMA/R-BUOH

EFln] 1.25 aquiv Pyndine

120 °C, 20 min

Column A. HPLC Conditions: Method 1. Non-isolated RCY = 64 + 2%

N :

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

n RCC[%] RCP[%] RCY [%]
1 62 99 62
2 65 99 65
3 64 99 64

Radio TLC (Hex:EtOAc = 1:1)

10000 I I
8000 —
6000 —
0 |
[
5 N
Q
3 N
4000 —|
2000 —|

60 70 80

20 100 110

Position (mm)

HPLC (UV trace): authentic standard

mv

4000
3000
2000
1000

o+

12756

Detector A 254nm

00 25 50 75 10.0 125 150 175 20.0
HPLC (radio trace): radiofluorination reaction (crude)
mv
@ ADZ
100- r
754 f\
[
5.0 |
1
257 ‘.
\ -
0 T LI L B S L L L T T
0.0 25 5.0 75 10.0 12,5 15.0 17.5 20.0
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1-Iodo-4-(methylsulfonyl)benzene (2r)

1 mod % Pd{OAe filtration th
el 4 XPhoe ®"  0.25 equiv Cu{OTh:

1.25 equiv Pyridine

| 1.2 Equl'.r Baping BPin . _
@’ _22equivKsPOy ’©’ K'°F (<139 mCi)
Me0,S T eac.ss'c Me0,5 IPAG/IDMAIR-BuCH

M3, overnight 120 "C, 20 min

'IHF
Mal,5" :

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column A. HPLC Conditions: Method 1. Non-isolated RCY =72 + 5%

n RCC[%] RCP[%] RCY [%]
1 70 99 70
2 65 99 65
3 79 99 79
4 75 99 75

Radio TLC (Hex:EtOAc = 1:1)

8000 TN B B Ll Lo

Counts
Fg
[=]
Q
o
|
T

0 _ __

T T T T
60 70 80 90 100 110
Paosition (mm)

HPLC (UV trace): authentic standard

mV
Detector A 254nm|

2000
1500+
1000 |

500

o S — —

00 25 50 75 100 125 150 175 200
min

HPLC (radio trace): radiofluorination reaction (crude)

mV

ADZ

T0.783

50 |
|

25

o L ——

0.0 25 50 75 10.0 125 150 175 200
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1-((4-Iodophenyl)sulfonyl)pyrrolidine (2s)

1 mal % Pd{OAc): filtration then )
3 mol % XPhos 0.25 equiv Cu(OTr)z

1.25 equiv Pyridina

| 1.2 squiv Bzping BPin e
O /©/ _22equivKaPOy C ’©’ K'F (139 mCi)__ O @
5 IF'AG B5°C - IPAC/DMA/R-BuCH NLS
(85 Oy

M, ovarnight 120 °C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column A. HPLC Conditions: Method 1. Non-isolated RCY =75 + 4%

n RCC[%] RCP[%] RCY [%]
1 80 98 79
2 72 98 71
3 77 99 77
4 71 99 71

Radio TLC (Hex:EtOAc = 1:1)

Counts
[
(=]
o
[=]
o
T T T T

60 70 80 920 100 110
Position (mm)

HPLC (UV trace): authentic standard

my

Detector A 254nm

13.085

200

150+

100+

50

i 13.767

ol I o

T T T T T
0.0 25 50 75 100 125 150 175 200
min

HPLC (radio trace): radiofluorination reaction (crude)

mv

13.516

20

17.069

0.0 25 50 75 10.0 12.5 15.0 17.5 20.0

S53



6-Iodoquinoline (2t)

1 mol % Pd{0Ac); filiration then )
3 mal % XPhos 0.25 aquiv Cu{O Tl

1.25 aquiv Pyndine

| 1.2 aquiv Baping BPi L
ft@’ 2.2 equiv K,PO, fj@’ n K'PF (<139 mGi) f-’j@r F
_— -

N IPAG, 85 °C oY IPAC/DMA/A-BUOH Sy

M2, ovemight 120°C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 65 + 4%

n RCC[%] RCP[%] RCY [%]
1 59 99 59
2 64 99 64
3 68 99 68
4 69 99 69
Radio TLC (Hex:EtOAc = 1:1)
10000 | vl b b L
8000 E }
» 6000 ; ;
3 ] i

4000 —|

2000 — { | —

0 — —

€0 70 80 20 100 110
Position (mm)

HPLC (UV trace): authentic standard

mVv

Detector A 254nm

~10.420

25+

o

T T T T T T T
00 25 50 75 100 125 150 175 200
min

HPLC (radio trace): radiofluorination reaction (crude)

my
=
125 8 A7
=
100-| |
75
50 [
25 |
0 — — M _—
T i ’ T T | |
00 25 50 75 100 125 150 175 200

min
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2-(4-Iodophenyl)oxazole (2v)
1 mol % Pd{OAc): filtration then

3 mal % XPhos 025 equiv Cu(0Tf):
I 1.2 equiv Bpins BEPin 1.25 squiv Pyriding 1B
_22equivK:PO; K'F (-1.39mCi)
© [l |F'.'P|E a5°C IPACDMAR-BuOH ]
(i“.,hl M, owernight 120 %C, 20 min Y

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 60 + 3%

n RCC [%] RCP [%] RCY [%]
1 68 89 60
2 73 83 61
3 65 87 57
4 70 90 63
Radio TLC (Hex:EtOAc = 1:1)
20000__.,.|,..1,,\,,‘,\..l.., r
15000 ; [ ;
ﬂé 10000 ] -

5000

60 70 80 90 100 110
Pasition (mm)

HPLC (UV trace): authentic standard

my

2500 Detector A 254nm|

1381

2000+

1500

1000+

500

min

myv

T T
00 25 50 75 100 125 150 175 200
min

S55



tert-Butyl 5-iodo-1H-indole-1-carboxylate (2y)

1 mal % Pd(0Ac); filtration then )
3 mal % XPhos 0.25 equiv Cu(OTH);
1.25 equiv Pyridine

| 1.2 aquiv Baping BPin 18E
(f:@’ 2.2 equiv K3PO4 éj@’ KF(-13amCi) _ 4
L el R -
M IPAC, B5 °C N IPAC/DMAIR-BuCH N

Baoc M, overmight Boc 120 *C, 20 min Boc

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 78 + 3%

n RCC[%] RCP[%] RCY [%]
1 84 95 80
2 83 97 81
3 77 98 75
4 76 97 74
Radio TLC (Hex:EtOAc = 1:1)
15000 [ [ | | [
10000 : :
. :

O — —

60 70 80 90 100 110
Pasition (mm)

HPLC (UV trace): authentic standard

mv

Detector A 254nm|

16.900

3000

2000

1000+

1} —
T T T
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0

HPLC (radio trace): radiofluorination reaction (crude)

mV

ADZ

50—

25+

13 400
927

] S \
a — e N

0.0 25 5.0 75 10.0 12.5 15.0 17.5 200
min
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3-Iodo-9H-carbazole (2z)

1 mol % Pd{OAc)y filtration then
3 maol %% XPhos
O | 1.2 equiv Byping BPFin
@ 2.2 equw K3POy
M IF"AG B5°C
H Ny, overmight

0.25 aguiv Cu(OTf),
1.25 equiv Pyridine Q 18g
K'°F (~1.38 mGi) @
[PAC/DMA/R-BuOH M
120 °C, 20 min H

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =75 + 2%

n RCC[%]  RCP [%] RCY [%]
1 82 95 78
2 82 94 76
3 78 93 72
4 78 94 73
Radio TLC (Hex:EtOAc = 1:1)
€000 T
5000 |
4000
£
§ 3000
2000
1000 |
0 _ / . \ .
60 70 80 90 100 110
Position (mm)
HPLC (UV trace): authentic standard
30007_ . E Detector A 254n|
=
20002 “
HPLC (radio trace): radiofluorination reaction (crude)
mV
% AD2
200
100 T
UD‘U 25 5.0 75 100 125 15.0 175 20.0

min
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2-Iododibenzo[b,d]furan (2aa)

Ysos

1 med % Pd{DAc)e
3 maol % XPhos
1.2 aquiv Baping
2.2 aquiv K3PO0y

IF"AG B °C
Ny, overmight

filtration then

B o]

0.25 aguiv Cu(OTf),
1.25 aquiv Pyndine
K'"F (=138 mCi) _

(%

1RF

IPACIDMA/R-BuOH
120°C, 20 min

o

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column A. HPLC Conditions: Method 2. Non-isolated RCY =74 + 1%
n RCC [%] RCP [%] RCY [%]
1 76 99 75
2 76 98 74
3 72 99 72
4 73 99 73

Radio TLC (Hex:EtOAc = 1:1)
25000
20000

15000 |

Counts

10000 |

5000

60

HPLC (UV trace): authentic standard

mv

750
500
250

0

0.0 25 5.0

70 80 90 100

Position (mm)

13477

75 10.0 125

HPLC (radio trace): radiofluorination reaction (crude)

mv

750

500

25

5.0

7.5

| T—

110

13.854

Detector A 254nm|

20.0
min

150 17.5

ADZ

16.391
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2-Iodo dibenzo[b,d]thiophene (2bb)

1 mol % Pd{OAc)y filtration then

3 maol %% XPhos
O | 1.2 equiv Byping BPin
@ 2.2 equw K3POy
3 IF"AG B5°C

Ny, overmight

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

0.25 aguiv Cu(OTf),
1.25 aquiv Pyndine
K'"F (=138 mCi) _

IPACIDMA/R-BuOH
120°C, 20 min

Column A. HPLC Conditions: Method 2. Non-isolated RCY =85+ 1%

n RCC [%] RCP [%] RCY [%]
1 86 98 85
2 88 98 86
3 85 99 85
4 83 99 83
Radio TLC (Hex:EtOAc = 1:1)
20000
15000
§ 10000
5000
o T T
60 70 80 g0 100 110
Position (mm)
HPLC (UV trace): authentic standard
" ‘E Detector A 254nm|
3000 .
2000
1000 -
E
0
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0

HPLC (radio trace): radiofluorination reaction (crude)

mv

500

0.0 25 5.0 75 10.0

125

14247

[ 16.498

150 175 200

(%

5

1RF
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3-Iodo-9H-fluorene (2cc)

1 mol % Pd(0Ac)s
\t'

3 maol % XPhos

1.2 aquiv Baping

2.2 aquiv K3PO0y
IF"AG B °C
Ny, overmight

filtration then

B o]

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =

0.25 aguiv Cu(OTf),
1.25 aquiv Pyndine

K'"F (=138 mCi) _

IPACIDMA/R-BuOH
120°C, 20 min

Radio TLC (Hex:EtOAc = 1:1)

79 + 3%
n RCC[%] RCP[%] RCY [%]
1 90 92 83
2 90 91 82
3 84 91 76
4 84 90 76
5000
0 —— — —

HPLC (UV trace): authentic standard

mv

2500
2000
1500
1000

500

[}
0.0 25

HPLC (radio trace): radiofluorination reaction (crude)

mv

500
400
300
200

100

0.0 25

60 70 80

5.0 75

5.0 75

a0 100 110
Position (mm)

Detector A254nm

16.692

AD2

17.220

16.076
| (18954
19.977

min
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2-(Diethylamino)-N-(4-iodo-2,6-dimethylphenyl)acetamide (2hh)

5 mal % Pd{OAc),

10 mol % XPhos

e i equiv Ezgj;z e BP
equiv KzPOy
—_—
Etz"\—)l\ N IPAC, B5 °C EtzN -\/I'L‘N
H M3, overnight H

ba

Me

in

filtration then
025 aquiv Cu{OTT):

1.25 aquiv Pyridine
KI®F (-1.39 mCi)
| PAC/DMA/N-BuOH
120 *C, 20 min

e

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column C. HPLC Conditions: Method 4. Non-isolated RCY =43 + 5%

Radio TLC (dichloromethane:MeOH = 4:1)

HPLC (UV trace): authentic standard

n RCC[%] RCP[%] RCY [%]
1 54 89 48
2 42 85 36
3 67 64 43
4 75 62 46

12000 TN T T O Y Y I I
] N C
10000 ] H -
8000 E [ \'q“ o
s 1 1 :
S 6000 ‘ |‘ ‘|‘ \I ~
4000E \l ‘I "‘ “| o
E U
2000 | || | “'u.‘ F
a [N S \ L
ol = _ F
|J\ LI L A L!_\‘ | IS LI L ]

60 70 80 90 100 110
Position (mm)
01 |
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6.4.2 Palladium-Catalyzed Borylation Telescope of Aryl Bromides

4-Bromobiphenyl (2a)

1 mol % Pd(OAc); "
3 mol % ;.;[,:.hmJJ filtration then , 26 equiv CufoT),
gr 1.2 equiv Bypin, BPin 12§+ aquiv Fj'l'ldlr.'IEl 18
/©’ 2.2 aquiv K3PO, /@’ K'°F (139 mCi) _
IPAC, B5 °C IPAC/DMA/n-BUCH
o M, ovarnight P 120°C, 20 min Fh

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column B. HPLC Conditions: Method 3. Non-isolated RCY = 85 + 4%

n RCC [%)] RCP [%] RCY [%]
1 83 99 83
2 89 99 89
3 79 99 79
4 88 99 88
Radio TLC (Hex:EtOAc =1:1)
40000
30000
. | b
3 20000 — | j
10000 — ‘I‘ I\ [
0 T I, 7"." ‘I, - ‘ I o - r
60 7‘0 B‘D 9‘0 10‘0 110
Position (mm)
HPLC (UV trace): authentic standard
1 F
2000+ ‘
] |
moof \
I
HPLC (radio trace): radiofluorination reaction (crude)
] E ADZ
|
|
25 |

min
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N-(4-Bromophenyl)acetamide (2b)

1 mol % Pd{DAc):
3 mol % ¥XPhos

filtration then

gr 1.2 equiv Byping BPin
o Q’ 2.2 aquiv K3POq 0 @’
s e
Me“Jl"N IPAC, 85 °C I'u'Ia"JLN

H M, overnight H

025 aquiv Cu{OTf);

1.25 aquiv Pyridine
K5F [~1.38 mCi)

IPACDMA/A-BuOH
120 %C, 20 min

i 1-3F
Me' N :
H

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 87 + 2%

n RCC [%] RCP [%] RCY [%]
1 84 99 84
2 85 99 85
3 90 99 99
4 89 98 88
Radio TLC (Hex:EtOAc = 1:1)
4000 T T T T T T T
3000 E IAI\‘ ;
. ] i :
g 2000 | I\ “ -
] | ‘I i
1000: A ‘\I “|‘ :
. i | JJ" “-\7‘#_/“ ‘\\ | L
GO\ T \7|0\ T I8|0\ T \9‘0\ T IWC‘JO\ T \11‘OI T
Position (mm)
HPLC (UV trace): authentic standard
i “% Detector A 254nm
1 |
2000 |
I
1000 [
] \
J I
HPLC (radio trace): radiofluorination reaction (crude)
o] "
o] I
1 [
30] |
] (

min
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Methyl 4-bromobenzoate (2¢)

1 mol % Pd{DAc)

3 mal % XPhaos
1.2 aguiv Bzping
2.2 equiv K3P0y

IPAC, B85 "C

[ e,
MaD,C

Ny, overnight

=l

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

filtration then

0.25 equiv Cu{OTl};

1.25 aquiv Pyridine
K'®F (~1.38 mCi)

IPACDMA/R-BuOH
120 "C, 20 min

Column A. HPLC Conditions: Method 1. Non-isolated RCY =94 + 6%

Radio TLC (Hex:EtOAc = 1:1)

HPLC (UV trace): authentic standard

HPLC (radio trace): radiofluorination reaction (crude)

n RCC[%] RCP[%] RCY [%]
1 87 99 86
2 95 99 94
3 96 99 96
4 99 99 99
25000
20000 |
15000
g |
3 |
10000 1
5000
60 70 80 20 100 110
Position (mm)
mv
[ Detector A 254nn
300+ o
=
200 |
[
100+
(
|
o — ¥
0.0 2!5 5‘0 7‘5 1(;.0 12‘5 15.0 17‘5 20.0
min
mv
& AD2
Iz
50 jIT
25
o S - L . o |
00 25 50 75 100 125 180 175 200

Mal,C" :
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4-Bromobenzonitrile (2d)

1 mal % Pd{DAC) filtration then

3 mol % XPhos

gr 1.2 equiv Byping
/@’ _ 2.2 equivKsPOy
NC IF'A'E BE"C

M, overnight

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

0.25 aquiv Cu{OTF);
125 equiv Pyridine

120 %C, 20 min

Column A. HPLC Conditions: Method 1. Non-isolated RCY =55 + 2%

RCC[%] RCP[%] RCY [%]

D WN =3

Radio TLC (Hex:EtOAc = 1:1)

Counts

HPLC (UV trace): authentic standard

my
75

50—
25

[}

00 25

58 99 58

55 99 55

55 99 55

53 99 53

4000 Loy 1] |

3000 i i
ZUUU—_ _—
1000 | i
P — 'l . -
T —

60 70 80 a0 100 110
Position (mm)

HPLC (radio trace): radiofluorination reaction (crude)

mV

20+

2 Detector A 254nm|
|8
5.0 75 100 125 150 175 200
min
= ADZ
h=
||*
!
il
|
|1
Il
[ 1
|
VU U S VS S SV PR
L, S S R AR S AL B AL R S
5.0 75 10.0 125 15.0 175 20.0

BPin 18 .
D’ K'F (138 mGi)
IPACIOMAIN-BUOH o

S65



5-Bromo-benzothiophene (2¢)

L o xhae” filtration thef 4 25 equiv Cu(OTH,
gr 1.2 equiv Byping BPin 1.25 equiv Pyridine 18E
(f:@’ 2.2 equiv K3P0y é’j@’ K"™F (=1.39 mCi) - éj@’
5 IPAG, 85 °C 5 IPAC/DMA/R-BuOH 5
Mz, avermight 120 °C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =90 + 2%

n RCC[%] RCP[%] RCY [%]
1 91 99 91
2 92 99 92
3 90 99 90
4 88 99 88
Radio TLC (Hex:EtOAc = 1:1)
25000 — I T T T T Y B .
20000 E i
© 15000 —f f—
5000 —_ n
O —— =
60 70 80 Pg:?gn (m:nE;D 110

HPLC (UV trace): authentic standard

my

3000+ Detector A 254nm|

15102

2000

1000 |

0+ —
T v T T
00 25 50 75 100 125 150 175 200

HPLC (radio trace): radiofluorination reaction (crude)

my

ADZ

. fl

0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0
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5-Bromo-1H-indole (2f)

1 mal % Pd{0AL),

3 mol % XFPhos

Br
1y
N
H

1.2 equiv Byping
2.2 Elqun.r KaPOy

IF'AE B5 "C
Mz, ovarnight

(ﬁBPln‘

filtration then

025 aquiv Cu(OTf)z

1.25 aquiv Pyridine
K'YF (-1.33 mCi) _

IPAC/OMAIN-BUOH
120 *C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 82 + 5%

Radio TLC (Hex:EtOAc = 1:1)

HPLC (UV trace): authentic standard

my

1000

500

0

n RCC[%] RCP[%] RCY [%]
1 87 91 80
2 90 95 86
3 82 93 76
4 77 91 70
10000 i I T Y T T I
8000 —f ‘lf‘l ~
» 6000 é \I I‘ =
§ 4000 é .‘ ‘I [
2000 _: f.“:‘. ' l‘.‘ _
60 70 80 90 100 110
Position (mm)

T q0813/

HPLC (radio trace): radiofluorination reaction (crude)

mV

304

201

Detector A 254nm

min

15 20

25 30
min
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4-Bromobenzyl alcohol (2i)

1 mol % Pd{OAc):
3 mal % XPhos

Br 1.2 aquiv Bzpina
0\/© 22 Equw KGPD‘ o
H IPAC, 85 °C

M. owernight

filtration then

BPin
Hﬂ\/@

0.25 equiv Cu{OTH),
1.25 aquiv Pyridine

KIEF (~1.30 mCi)

IPAC/DMAR-BuDH

12022, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 85 + 3%

n RCC[%] RCP[%] RCY [%]
1 89 95 84
2 86 94 81
3 91 96 87
4 92 96 89
Radio TLC (Hex:EtOAc = 1:1)
10000 ] Ll 1 L Ll 5
8000 ] L
@ 6000 —i ;
S 4000 7 N
2000 ] N

0 ——— ——

60 70 80 20 100 110
Position (mm)
HPLC (UV trace): authentic standard
my
20{10{ | :'?,1 Detector A 254nm
] I~
1500 ‘
10(]0{ |
! |
500_‘ |
ol | -
00 2‘5 5.0 7‘5 1d.0 12.5 15‘0 17.5 20‘0
min
HPLC (radio trace): radiofluorination reaction (crude)
my
™ 2 ADZ
s
50—- I ‘:
[l
{ |
25 I
|3
|
ol —— A —
00 ‘2‘5‘ o IE!D 77757 o ‘100 ‘ ‘12‘.5‘ 15.0 175 ‘20‘.0 V_
min
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tert-Butyl 4-(4-bromophenyl)piperazine-1-carboxylate (2n)

1 mol % Pd{OAc); filtration then )
3 mol % XPhos 10.25 equiv Cu{OTH);
gr 1.2 equiv Bzping BPin 1.25 equiv F"_l.-ndu.-m
/©, 2.2 equiv KoPO, D’ K'%F (~1.39 mCi)
RS -
r‘“‘“n IFAC, 85 °C |/‘~ N IPAC/DMA/R-BuOH
BocM Na, ovemight BocM

’ M
120 *C, 20 min
EucN.\_’,J

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 62 + 2%

n RCC [%] RCP [%] RCY [%]
1 74 84 62
2 76 86 65
3 73 80 59
4 79 79 62
Radio TLC (Hex:EtOAc =1:1)
8000 T Y L1 L1
6000 E j
2 i
2 4000 — —
2000 L
0 _; N~ \ Al
60 70 80 90 100 110
Position (mm)
HPLC (UV trace): authentic standard
SDDDDD—_ IE AD1
)| |
o} ——— : Sh- J
00 25 50 75 100 125 150 175 200 o
HPLC (radio trace): radiofluorination reaction (crude)
h% AD2|
I
| R - & 1L V. S
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2-(4-Bromophenyl)benzo[d]thiazole (2u)

filtration then
1 mal % Pd{0Ac)z

025 equiv Cu{OTf);
1.25 eaquiv Pyridine
K'YF (-1.38 mCi)

IPAC, 85 °C
Mz, ovarnight

Br 3 mal % XPhos Bpin
1.2 equiv Bzping
11 2.2 aquiv KaPOy 5
1 g [
as as

IPAC/OMA/N-BUOH
120 *C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 87 + 2%

n RCC [%] RCP [%] RCY [%]
1 89 99 89
2 88 99 88
3 83 99 83
4 88 99 88
Radio TLC (Hex:EtOAc =1:1)
10000
g 6000

60 70 80 a0 100 110
Position (mm)

HPLC (UV trace): authentic standard

mv

4000 [
3000
2000
1000

o

00 25 50 75 10.0 125 150

HPLC (radio trace): radiofluorination reaction (crude)

my

200
150
100

50

0.0 25 5.0 7.5 10.0 12.5 15.0

17.125

17.5

17.739

Detector A 254nm)

min

AD2

20.0
min
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2-(4-Bromophenyl)pyridine (2w)

M

s

o

1 mal % Pd{0&c);
3 mol % XPhos
gr 1.2 equiv Baping

2.2 aquiv KaP

Oy .

IPAC, BS *C
Ma, ovarnigh

t

filfrafion then

BPin
N‘H.
I B

0.25 aguiv Cu{OTl
1.25 aquiv Pyridine

KI*F (~1.38mGi)

IPACDMAR-BuOH
120 %C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =79 + 1%

Radio TLC (Hex:EtOAc =1:1)

HPLC (UV trace):

uv

HPLC (radio trace): radiofluorination reaction (crude)

my

n RCC[%] RCP[%] RCY [%]
1 79 99 79
2 78 99 78
3 80 99 80
10000 T T T T T T T Y
8000 | L
6000 ] C
=
3 ] L
4000 | —
2000 ] L
0 7 J . e - 1
60 70 80 20 100 110
Position (mm)
authentic standard
e ADT
250000+ a8 &
| i=
o — — Iz
\ |
0.0 25 50 75 100 125 15.0 175 200 )
min
40 "g ADZ
] T
30 ! |
] I
20—_ | E
10 1
o] A —
00 25 50 75 10.0 125 150 175 200
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5-Bromo-benzofuran (2x)

1 mal % Pd{DAe
3 mol % thuE}a filtration them ; 25 squiv Cu(OTI,
gr 1.2 equiv Byping BPFin 1.25 aquiv Pyridine 18
(/\j@’ _220quiv KsPO, (t@’ K'®F (=138 mGi) _ (;j@’
o T PAC.BSC IPACIDMAIN-BuOH g
M3z, avernight 120 2C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 74 + 4%

n RCC[%] RCP[%] RCY [%]
1 70 97 68
2 79 99 78
3 78 98 76

Radio TLC (Hex:EtOAc = 1:1)

8000

6000

Counts

4000

2000

0 = = e — =

| ‘#‘7

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

my

Detector A 254nm

14270

1500

1000

500+

0.0 25 5.0 75 10.0 125 15.0 17.5 20.0

HPLC (radio trace): radiofluorination reaction (crude)

mV

AD2

14771

25 |

16,999
18.888

T
0o 25 50 75 100 125 150 175 200
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1-Bromo-napthalene (2dd)

1 mol % Pd{DAc);
3 maol % XPhos
1.2 aquiv Byping
2.2 aq'uw K4aP Oy

IF'AC B85 °C
M3z, avarnight

filtration then

0.25 aquiv Cu{OTT)g

1.25 equiv Pyridine
K'"F (<139 mCi}

HF'ln

"IE-F

IFAE.'DMNH—EUDH -
0 *C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY =95 + 2%

n RCC[%] RCP[%] RCY [%]
1 97 99 97
2 97 99 97
3 94 99 94
4 93 99 93
Radio TLC (Hex:EtOAc =1:1)
20000 - e
15000 | i
§ 10000 -
5000 - i

U—m

110

€0 70 80

90

100

Position (mm)

HPLC (UV trace): authentic standard

mV

1000-]
750
5004

250

5.0

HPLC (radio trace): radiofluorination reaction (crude)

mv

20

Detector A 254nm|

T T
2.5 5.0 75 100

T
125

15.0

T
17.5

200
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5-((4-Bromo-3,5-dimethylphenoxy)methyl)oxazolidin-2-one (2ii)

5 mal % Pd{OAc) Tiirafion fhen _
Me 10 maol % XPhos Me 0.25 equiv CulOTf); Me
Br 2 aquiv Byping BPin 1.2:.': equiv Pyridine 185
( \:[ 3 equiv K;POy [ j K'F (-1.39mCi) @
IPAC, BS *C IFAC/DMASR-BuDH
D-:(Oj/-\o Me Mg, overnight C':(Oj/\ﬂ Ma 120 #C, 20 min D-:(DJ/\D Me
HM HN HM

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 86 + 2%

n RCC[%] RCP[%] RCY [%]
1 97 90 88
2 90 92 83
3 88 99 88
4 91 95 86
Radio TLC (Hex:EtOAc =1:1)
12000 T I I T O T I
10000 f 1 [ 5
8000 ‘I “. -

% 6000 E I “ 5
4000 : -‘ﬂ:t ‘ “. :
2000; “ J‘_.“I f—

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

<Chromatogram>
mv
] 5 Detector A 254nm]
300+ r
200+ ‘
100 ‘|
] \
] I
Ck’ o ALY N 7__/\_L
T T T T T
5 10 15 20 25 30

HPLC (radio trace): radiofluorination reaction (crude)

my

i 2 AD2
125~ -

100~
75
50 |

25

\

1 E|8|25

- V1851
[18.797
 |20123

=)
a
S
o
8]
]
IS
&
@
3
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Boc-Phe(4-Br)-OMe

1 ml % Pd{OAc):
Br 3 mol % XPhos
1.2 aquiv Bsping

o

_J'L, Oida

'BuD H
o]

2.2 equiv K3P0y

IPAC, B5°C
M3z, overmight

Buo” M
H

filtration then

BPin 0-25 equiv Cu{OTT),
1.25 equiv Pyridine

o]

K'YF (-1.239mCi) _

120 2Z, 20 min
o

o IPAC/IOMA/N-BUOH

Bud

]

N
H

o]

1HF

Me

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 89 + 2%

n RCC[%] RCP[%] RCY [%]
1 92 96 89
2 91 97 88
3 90 97 87
4 94 97 91

Radio TLC (Hex:EtOAc =1:1)

Counts

30000

25000

20000

15000

10000

5000

HPLC (UV trace): authentic standard

mV

60

70 80 20 100 110
Paosition (mm)

1000+

750+

500

250

[

HPLC (radio trace): radiofluorination reaction (crude)

mV

75

50

25

2 Detector A 254nm
B,
|
|
|
‘\
w g8
I © 2
L O A R RS R T
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0
min
)@ ADZ
e
i
;\
@
3 | ] 2
2 @ 5
o~ \ - o
_— R — b 1N L.
T T T T T
0.0 25 50 75 10.0 125 15.0 17.5 20.0
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6.4.3 Palladium-Catalyzed Borylation Telescope of Aryl Chlorides

4-Chlorobiphenyl (2a)

2 mol % Pdadbaz

B mol % XPhos

7 e
Ph

3 El-qur'.r Bgping
3 aquiv K POy

IF’AG 1oe°c

M3, avamight

/gapm‘

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

filtrafion then

0.25 equiv Cu(OTl);

K'*F (-

125 aquiv Pyndine
1.38 mGi)

IPAC/IDMAR-BUOH
120 #C. 20 min

Column B. HPLC Conditions: Method 3. Non-isolated RCY =90 + 3%

g
Ph :

n RCC[%] RCP[%] RCY [%]
1 93 99 92
2 94 99 94
3 87 99 86
4 89 99 89
Radio TLC (Hex:EtOAc = 1:1)
20000 [ (I R T A [
1SDOOE :‘I :,
§ muou; ‘I‘ ;
5ooof ‘ “,‘ f
0 : /'“‘\ __ ‘\,_ _ [
. me— |

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

mV

14234

2500
2000 ‘ |
15005
moei
500; | ‘

o - e

0 5 10 15 20 25

HPLC (radio trace): radiofluorination reaction (crude)

mv

Detector A 254n

30
min

100
75 ‘.
50

254
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N-(4-Chlorophenyl)acetamide (2b)

2 mal % Pdzdba
B mal % XPhos

Cl 3 aquiv Bzping
0 ’©’ 3 aquiv KsPOy
MEJ'LN IPAC, 110 °C

H My, overmight

3

filtration th
®M  0.25 equiv CulOT:
BPin 1 21E aquiv F"yridir.'la g
o @’ K'F (-1.39 mGi) _ o Q'
ME..JLN IPAC/IDMAIR-BUDH MB,JLN
H 120 °C, 20 min i

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 86 + 5%

Radio TLC (Hex:EtOAc = 1:1)

n RCC [%] RCP [%] RCY [%]
1 89 99 88
2 92 99 91
3 86 99 86
4 78 99 78
10000 a [ [ I T B I
A 6000 ; | I‘ :
8 4000 E : ‘ i
2000 é ’ ;
. :7 . 7_’.9' W, ."‘-.,,,,_ B - C
60 70 80 20 100 110

HPLC (UV trace): authentic standard

my

Position (mm)

3000
2000

1000+

o

Detector A 254nm|

mV

30

min

50

404

30

20+

AD2
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Methyl 4-chlorobenzoate (2¢)

2 mol % Pdxdbas filtration then .
& mol % XPhos 0.23 equiv Cu{OThz
1.25 squiv Pyridine

Cl 3 equiv Byping BPin " . 18
,©/ 3 aquiv KyPO, @’ K''F (~1.39 mCi) /@1
—_— -
Me,C IPAC, 110 °C Me0,C IPACIDMAIN-BUOH

Mz, ovarnight 120 *C, 20 min

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 79 + 4%

n RCC[%] RCP[%] RCY [%]
1 75 99 75
2 83 99 83
3 79 96 75
4 84 99 84
Radio TLC (Hex:EtOAc = 1:1)
15000 | T Lol
10000 : :
5000 : :
R B VA |
60 70 80 80 100 110
Paosition (mm)

HPLC (UV trace): authentic standard

mV
N Detector A 254nm
I=
750 ‘:
7] |
- |
500+ |
] |
2504 ||
] [
-—
T T T T
0 5 10 15 20 25 30

min

mV

min
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4-Chlorobenzonitrile (2d)

2 mal % Pdzdba filtration th
8 mol % XPhas ®" 025 equiv Cu(OTh:
1.25 equiv Pyridine

cl 3 equiv Bzping BPin 8 ' °F
/©, 2o BED: ’©/ OB " ’©’
_— -
NG IPAC, 110 °C NG IPAC!DMA/R-BuOH NE

Mz, owarnight 120 °C, 20 min

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY =47 + 5%

n RCC[%] RCP[%] RCY [%]
1 44 99 43
2 53 99 53
3 52 99 51
4 45 95 42
Radio TLC (Hex:EtOAc =1:1)
5000 TN T A
1 i L
4000 —{ | L
] I ' r
2 30007; H “,‘U\I“ ;
© 2000 ‘\ “ ‘\' “|‘ -
1 ( I r
1000 | } \‘ | -
1 I [ L
s \___ \k_i, B
&0 o & PQSgi:i]Dn (m:n%o o

HPLC (UV trace): authentic standard

mV

Detector A 254nm

100 |

o 1

min

HPLC (radio trace): radiofluorination reaction (crude)

mv

17.54 s AD2
b=
H
f
15.0+ |
|
125 [l
I
|
10.0+ |
\
A [\
75:,.»»\-#--""" Attt S be et st e penbeten

T T T T T
Q 5 10 15 20 25 30
min S79



5-Chloro-benzothiophene (2¢)

2 mol % Pdydbay filtration then )
8 mol % XPhos 0.25 esquiv Cu(OTr):

1.25 aquiv Pyridina

cl 3 equiv Byping BPRin _ s
érj(j’ 3 aquiv KyPO, {ft@’ K'*F (139 mCi) (/j@’
_ Y .
= IPAC, 110 °C S IFAC/DMAn-BuOH 5

M, owarnight 120 °C, 20 min

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY =75 + 6%

n RCC[%] RCP[%] RCY [%]
1 81 99 81
2 77 99 77
3 76 99 76
4 64 99 64
Radio TLC (Hex:EtOAc =1:1)
12000 [ I I I R L1
10000 —i ‘ i—
8000 | -
§ 6000; A :—
4000 f .. ._ E
2000 | _ C
o ] B ) C

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

mV

1 Detector A 254nm
3000

12823/

2000-
‘ |
1000

D; . I _ .
0 5 10 15 20 25 30

min

HPLC (radio trace): radiofluorination reaction (crude)

mv

] AD2
254

13,020

20 I

0 5 10 15 20 25 30
min
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5-Chloro-1H-indole (2f)

2 mol % Pdydbasy filtration then

& mol % XPhos 0.25 esquiv Cu(OTr):
cl 3 equiv Byping BPin 1.25 equiv F‘yridir.15| 18e
éj@’ 3 aquiv KyPO, é‘:@’ K'*F (139 mCi) (/j@’
I i . W -
M IPAC, 110°C N IPAC/DMAIR-BUOH N
H M, cwarnight H 120 °C. 20 min H

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3: Non-isolated RCY =72 + 6%

n RCC[%] RCP[%] RCY [%]
1 64 99 64
2 69 99 69
3 79 99 79
4 76 99 76
Radio TLC (Hex:EtOAc =1:1)
12000 . I T Y Y -
10000 —f ""\‘ ;
] I C
8000 —; “‘ \I‘ ?
A &
o 7] ‘ C
4000 ‘l‘ \‘ -
2000 —E “ \'\ ;
D e —
LI L B B s o

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

my
=~ Detector A 254nm
1000-| Iz
|
i
500
|
ol JPA N
5 0 15 2 2 %0
min
HPLC (radio trace): radiofluorination reaction (crude)
mV
= ADZ
75 ‘=
5.0+ ‘l
2.5+ ‘ \‘
|
0.0+ ,,-NLM_,M__.W_W ! ]
g 10 15 2 P 30

min
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3-Chlorodibenzo|c,f][1,2]thiazepin-11(6H)-one 5,5-dioxide (2ee)

filtration then

5§ mol % Pd(OAc): _
Ma 15 mol % XPhos 0.9 Me 0.25 equiv CulOTlk

—N 2 equiv Byping -M 1.25 equiv Pyriding -
cl O 3 aquivKsPOy;  BPin 0 @ K'™F{-1.38mGij 18 D
_— = .
IPAC, 110 °C IFACIDMAn-BuCH

o Mz, ovarnight a 120 °C, 20 min

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column A. HPLC Conditions: Method 1. Non-isolated RCY =12 + 3%

n RCC[%] RCP[%] RCY [%]
1 16 48 7
2 19 70 13
3 18 83 15
4 16 85 13

Radio TLC (Hex:EtOAc =1:1)

8000
6000

4000

Counts

2000

0 — | .
60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

mv
Detector A 254nm

14.083

2000+

1000+

HPLC (radio trace): radiofluorination reaction (crude)

mvV
AD2

14525

5.0

25

0.0 D L S L ot s e AL e L Y
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0
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Indomethacin (2ff)

cl BPin 8
filtration then
5 mal % Pd{OAc);
u 15 mol % XPhos o 0.25 equiv CulOTH); o
M 2 aquiv Byping N 1.25 equiv Pyridineg M
—Me 3 aquiv K3PO, e K'™F (=138 mCi) 4 Me
—_— -
Nl Me  IPAC, 110°C Mel Me  IPAC/IOMAIR-BUOH MeO M
Mz, swarnight 120 °C, 20 min
0 0 0

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column A. HPLC Conditions: Method 1. Non-isolated RCY = 53 + 2%

n RCC[%] RCP[%] RCY [%]
1 64 88 56
2 59 85 50
3 61 85 52
4 62 86 53
Radio TLC (Hex:EtOAc =1:1)
10000 ] T R Ll Ly r
8000 E }
» €000 —: :—
2000 ; ;
0 _ _ _
I T F T

60 70 80 90 100 110
Pasition (mm)

HPLC (UV trace): authentic standard

my

4000 Detector A 254nm

15,142

3000

2000+

1000+

0 - il W

T T T T T
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0

HPLC (radio trace): radiofluorination reaction (crude)

mv

50 ,% AD2
] fo
a0 !
30 [l
] |
204 o
] | g
1 g
10— © [
2
|
= A
o NN
T T T T T T
0.0 25 5.0 75 10.0 125 15.0 175 200

min
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Dimethomorph (2gg)

o Sl 2 mal % Pdsdbas filtration then D"h‘j
I\‘/ M O B mal % XPhos 0.25 aquiv Cu{OTf)y N
= 3 aquiv Bzping 125 aquiv Pyridine
0 3 equiv KaPOy K'¥F (-1.38 mCi)
O IPAC, 110°C  IPAC/IDMA/-BuOH
alda M, ovarnight 120 =C, 20 min

OMe

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY =94 + 2%

n RCC[%] RCP[%] RCY [%]
1 97 99 97
2 94 99 94
3 94 99 94
4 91 99 91

Radio TLC (Hex:EtOAc =1:1)

15000 T T T T T Y T

10000 — —

Counts

5000

S

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

my

2000~ Detector A254nm

[EREZY!

1500

1000
500
o AN

0 5 10 15 20 25 30
min

HPLC (radio trace): radiofluorination reaction (crude)

mV

ADQ

17.54

11,218

15.04 ‘l
1258]

|

|

10.0+
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Clofibrate (2jj)

2 mol % Pd,dbay

B mol % XPhos
3 equiv Baping
3 aquiv KPP0y _

]
MeD,C7 O

IPAC, 110°C
Mz, ovarnight

BPin
Me,C

filtration then

0.25 equiv CulOTl)
1.25 equiv Pyridina
K'8F (~1.38 mCi)

IPAC/DMA/R-BuGH
120 °C, 20 min

Borylation Procedure: Procedure 3.4. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY =72 + 7%

Radio TLC (Hex:EtOAc = 1:1)

n RCC [%] RCP [%] RCY [%]
1 71 99 71
2 84 99 84
3 74 94 70
4 67 96 64
10090_ I Ll -
8000 . -
5 8000 f i
S 4000 ; f—
2000 ; f_

HPLC (UV trace): authentic standard

mV

300+

200+

100+

[ —

60 70 90 100 110

Position (mm)
§ Detector A 254nm|
|
|

‘ \
|
\
|

f\

25 30

min

AD2

Tt st pscmit et P D ettt e e e e bt ]

25 30

min

S85



6.4.4 Amino Acids and Peptides
Boc-Phe(4-1)-OMe (3d)

filtrafion then
1 mal % Pd{DAEC); ) )
| 3 mol % XPhos BPin 025 aquiv Gu{?ﬁh i
1.2 equiv Byping 1_215n aquiv F'yndu.-m
i 2.2 equiv KaPOy i KYF (~1.38 mCi) - j_i‘-
OMe IPAC, 85 °C OMe IPAC/DMAJ-BuOH OMe
Bu0” N M, ovarnight BuD” N 120 °*G, 20 min Bug” N
H o H a H o

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 88 + 4%

n RCC [%] RCP [%] RCY [%]
1 90 97 87
2 85 97 82
3 96 97 93
4 95 96 91
Radio TLC (Hex:EtOAc =1:1)
20000
15000
% 10000
5000
0 . E— - p—
60 70 80 20 100 110
Pasition (mm)
HPLC (UV trace): authentic standard
2501 | E Detector A 254nm(

200
150

100

50+

T T T T
0 5 10 15 20 25 30

HPLC (radio trace): radiofluorination reaction (crude)

mv

I3
400 f‘;
300 ||
‘ \

2004

100 | ‘
|

14.858
18.060

min 886



Boc-Phe(4-1)-O'Bu (3e)

filtrafion then
1 mol % Pd{OAc); , )
| 3 mol % XPhos BPin  0-25 equiv Cu{OT), PE
1.2 equiv Baping 1_215“ aquiv F'yndu.-m
o 2.2 aquiv K;PO, o KI%F (139 mCi) i
! IPAC, 85 °C | IPAC/DMA/-BuOH f
'BUDJLH OBy N, ovamight "BuD'JLH OBy 120 *C, 20 min ‘B0 N au
o] 0 O

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B HPLC Condition: Method 3 Non-isolated RCY =91 + 2%

n RCC[%] RCP[%] RCY [%]

1 91 99 90

2 91 97 88

3 93 99 93

4 91 99 91
Radio TLC (Hex:EtOAc = 1:1)

Position (mm)

HPLC (UV trace): authentic standard

my

Detector A 254nm|

14711

200+ ‘

1004 |‘
o

HPLC (radio trace): radiofluorination reaction (crude)

my

250

|
200-] |
150
100+ |

501 [

or I~

min
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Ac-Phe(4-I)-OMe (3f)

1 mal % Pd{DAc);

| 3 mol % XPhos

1.2 equiv Bypin;

o 2.2 aquiv K3P0y
o'Bu IPAC, BS°C
l.'Ia’JLH My, owarmight

[#]

o]

M

Ma

filtration then

BPin

a

0.25 equiv Cu(OTH:
1.25 equiv Pyridine
K'°F (1389 mCi)

IPAC/DMASR-BuCH
120 °C, 20 min

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 87 + 3%

Radio TLC (Hex:EtOAc = 1:1)

HPLC (UV trace): authentic standard

mV

mV

n RCC[%] RCP[%] RCY [%]
1 93 96 89
2 91 96 87
3 93 88 82
4 94 95 89
0 L m— — 8
60 70 0 Posgil?on(mrl'\ojo 110
20
I
I
|-
I:@ ADZ|
50-| @
I
|
. ";
.
g/| ¢ 5
ol a |\ = =

min
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Fmoc-Phe(4-1)-OMe (3g)

filtration then
1 mol % Pd{OAc); .
| 3 mol % XPhos BFin 0.25 equiv Cu(OTH: 18
1.2 equiv Bypin; 1.25 equiv Pyridine
2.2 equiv K;PO, KI°F (~1.38 mCi)
om IPAC, 85°C I IPAC/DMA/R-BuOH 4
FrocHM = Ny, overnight FmacHN . 120 °C, 20 min FrmocHN e
L] Q o

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 14 + 10%

n RCC[%] RCP[%] RCY [%]
1 9 99 9
2 29 99 29
3 8 99 8
4 9 99 9

Radio TLC (Hex:EtOAc = 1:1)

15000

10000 — i L

Counts

5000 |
| |

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

mV

Detector A 254nm|

14.560 /

1000+

500

min

0 5 10 15 20 25 30
min

mV

(=]
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Boc-Trp(5-Br)-OMe (3h)

Br. BPin
filtrafion then

5 mol % Pd(OAc);

10 moal % XPhos 0.25 equiv CulOTH)z

., JMH 2 aquiv Bpping . MH 1.25 equiv Pyridine
o 3 equiv KaPO, Q K'F (=139 mCi)
s —— =
Buo” Ny OMe IPAC, 85 °C 'EuDJLN Me  IPAC/DMA/n-BUOH
H g5 M3, overnight H o 120 °C, 20 min

Bud

o]

1HF

M
H

]

MH

OMe

Borylation Procedure: Procedure 3.1. Radiofluorination conditions: Procedure 6.2A. HPLC Column:

Column B. HPLC Conditions: Method 3. Non-isolated RCY =92 + 0%

n RCC[%] RCP[%] RCY [%]
1 92 99 92
2 92 99 92
3 92 99 92
4 92 99 92
Radio TLC (Hex:EtOAc =1:1)
g
o T

60 70 80 90 100 10
Postion (mm)

HPLC (UV trace): authentic standard

Detector A 254nm
1250

1000
750
500

250 |

min

mV

AD2

0

30
min
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Boc-Phe(4-1)-Trp-OMe (4a)

BacHN EAD

. filtration then
5 mal % Pd{0AC); BFin .
10 mol % XPhos 0.25 aquiv Cu{OTH),
2 aquiv Baping 0 1.25 equiv Pyridine
_ 3equivKPO, 4 \).I\ K'%F (-1.39mCi)
Mea BocHN H OMe -
IFAE 85 °C L IPACDMA/R-BUOH
M3, owarnight o e 120 %C, 20 min

H

BocHM

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 83 + 3%

RCC[%] RCP[%] RCY [%]

D WK~

88 92 81
91 92 &4
94 85 80
94 90 85

Radio TLC (Hex:EtOAc = 1:1)

5000

4000

3000

Counts

2000

1000

HPLC (UV trace): authentic standard

HPLC (radio trace):

mv

400

300

200

100

60

70 80 90 100 110
Position (mm)

Detector A 254nm

min

radiofluorination reaction (crude)

my

AD2

T ass

10 15 20 25 30
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Boc-Phe(4-1)-Tyr-OMe (4b)

filtratian then

5 a BPin 18
mal % Pd{OAck _
10 mol % XPhos 0.25 aquiv Cu{OTf}:
2 aquw Baping [#] 1.25 aquiv Pyridine o
\).L _ 3eauivKPO, N AL KI°F (~1.39 mCi) H L
BocHN OMe T oac, 5o BOcHN i OMe T pacoOMAnBuoH  BacHN 7 UMe

Na, overnight 0 \@\ 120 °C, 20 min o] \@
'DH OH oM

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 69 + 7%

n RCC[%] RCP[%] RCY [%]

1 70 91 64

2 83 90 75

3 82 91 75

4 62 100 62
Radio TLC (Hex:EtOAc = 1:1)

1000

— e I

60 70 80 90 100 10
Paosition (mm)

HPLC (UV trace): authentic standard

myv

Detector A 254nm

11975

200

150

100

50

min

HPLC (radio trace): radiofluorination reaction (crude)

my

AD2

12.181

150

100

50

[13718
[ 14.440

8.483

[10.576
15.218

17,925

min

S92



Boc-Phe(4-1)-Leu-OMe (4¢)

| . N 10
5 mol % Pd{OAc); el ‘:;‘;::;E "
10 mol % XPhos ;
H Q 2 aquiv Baping 1.25 equiv Pyridine H Q
M 3 aquiv K3PO, K'5F {~1.39 mCi M
BacHM “-,JLDME L { ) = BocHM "‘;"J‘L‘DME
o L Me IPAC, B5 °C IPAC/DMA/R-BUOH L
g M3, ovamight 120 °C, 20 min \rr
Ma Mea

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY = 85 + 4%

n RCC[%] RCP[%] RCY [%]

1 91 93 85

2 93 94 88

3 92 95 87

4 94 85 80
Radio TLC (Hex:EtOAc = 1:1)

60 70 80 90 100 110
Position (mm)

HPLC (UV trace): authentic standard

mv

Detector A 254nm

13.383

150

100

50

min

HPLC (radio trace): radiofluorination reaction (crude)

mv

13,642

9.358
15.283
[18.425
17.983

o
|

min
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Boc-Phe(4-1)-Met-OMe (4d)

o

2 equiv Bgping
BochN N ome 3 ®auiv KsPO,
H -— -
o IPAC, BS *C
‘\] Mz, overnight
Shle

5 mal % Pd{0Ac);
10 mal % ¥Phos

SMe

filtration then

0.25 equiv Cul(OTf);
1.25 equiv Pyridine
K '5F (~1.39 mCi)

IPAC/IDMAR-BuCH
120 °C, 20 min

1og
E : o
H
= BocHN N\[’U‘“DME
° N

SMe

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY =75 + 1%

n RCC[%] RCP[%] RCY [%]
1 88 84 74
2 88 86 76
3 85 88 75
4 86 87 75

Radio TLC (Hex:EtOAc = 1:1)

HPLC (UV trace): authentic standard

mv

HPLC (radio trace): radiofluorination reaction (crude)

mv

100

150

100

50

Counts

4000

3000

2000

1000

60

| 8368

70

| 10.083

(10615

12.580

12.818

|
[14.908

¢ 14526

Pasition (mm)

£o7.8st

110

19.001

w

0

20

Detector A 264nm

25 30
min

25 30

min
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Boc-Phe(4-1)-Pro-OMe (4e)

O 5 mal % Pd{0Ac):
0 ‘}-‘D’“‘E’ 10 mal % XPhos

3 aquiv KaPOy

filtration then
0.25 aquiv Cu(OTl)z

1.25 aquiv Pyndine BI:H:HN\._,J'L_

K'F (=138 mCi} _ i

BocH N\___,J-L_D 2 equiv Byping
i

IPAC, BEC
Mz, ovarnight
I

IPACIDMAIn-BuOH
120 °C, 20 min

*F

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY =79 + 2%

n RCC[%]  RCP[%] RCY [%]
1 93 87 81
2 86 89 77
3 86 92 79
4 86 90 77
Radio TLC (Hex:EtOAc = 1:1)
§ 4000

HPLC (UV trace): authentic standard

mv
200
150
100
50

0

[} 5 10

Position (mm)

12238

HPLC (radio trace): radiofluorination reaction (crude)

mvV

250

200

150

100

50

7918

12.462

(14729
T area2

@

20

20

Detector A 254nm

25 30
min

25 30
min
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Boc-Phe(4-1)-Glu(OMe)-OMe (4f)

5 mal % Pd{OAc)s
10 mol % XPhos

filtration then F
o 0.25 equiv Cu(OTf)
H 2 equiv Byping 1.25 equiv Pyridine H )
N i 18E 1. ;
\;JLGHE 3 aquiv KaPO, KIF (~1.39 mCi) " N\.—"ﬂ"crﬂa
L IPACIDMA/n-BuOH 0 j\

N
o IPAC, B5 °C o
l Na, ovemight j\ 120°C, 20 min

o7 OMe o7 OMe o “oMe

BocHM

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Conditions: Method 3. Non-isolated RCY =76 + 5%

n RCC[%] RCP[%] RCY [%]
1 89 79 70
2 89 81 72
3 88 91 80
4 90 89 80
Radio TLC (Hex:EtOAc =1:1)
% 6000
Rl — e
60 70 80 Poéﬁ?un (mr]rgu 110

HPLC (UV trace): authentic standard

mv

Detector A 254nm

11.923

250
200
150
100

50- |

min

HPLC (radio trace): radiofluorination reaction (crude)

my

AD2
15.0

125
I

717023

\
T PP ST SO S S W SV S VSV S VUL SO AU

0 5 10 15 20 25 30
min
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Boc-Phe(4-1)-Lys(Boc)-OMe (4g)

! filtration then 18
5 mal % Pd{DAck _
o 10 mol % XPhos 0.25 esquiv Cu(OTT),
H 2 aquiv Byping 1.25 equiv Pyridine o o]
N i 18 ;
BocHN \:,,JLDME 3 aquiv KaPOy BocHN KIF (-139mCi) N ‘(J‘DME
o IPAC, 85 °C IPAC/DMA/-BUOH L
Mz, overnight 120 °C, 20 min
NHBoc MHB o NHBoc

Borylation Procedure: Procedure 3.3. Radiofluorination conditions: Procedure 6.2A. HPLC Column:
Column B. HPLC Condition: Method 3. Non-isolated RCY =77 + 6%

n RCC[%] RCP[%] RCY [%]
1 90 84 76
2 83 83 69
3 91 90 82
4 89 90 80
Radio TLC (Hex:EtOAc = 1:1)
§ 6000
PR — : —

90 1
Position (mm)

HPLC (UV trace): authentic standard

mV
Detector A 254nm|

13.323

50

25

HPLC (radio trace): radiofluorination reaction (crude)

mvV

13612

125

min
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7. Automated Radiofluorination
7.1 Reaction Setup
7.1.1 Synthesis Module Configuration

@ TRACERIab FX N Pro @ recumeressiee
i3
P ] = =

Ve

0.z 0.2 um

FROM
TARGET

18F SEPARATION
§  CARTRIDGE

HEATER.
TRANS-
FORMER,

HEEDLE

{1

5
:
eon
[ TEMP.17 RDY
2 s
a v stop|
= [
! b U b
] W COOLING AR 1 e g 11 WCOOUNG AR 2
—
REACTOR 2

on POWER
VACUUM
oft | pump R < P T
STIRRERS = > ACTIVITY DISPLAY WASTE (O _E WASTE
ERHAUST = tor 1 tor 2 =
on off [ESES|_reactor 2 A\ Lamp and valve V30 are always switched together,

Note: Line from V14 was connected to the dilution flask at V18 for reformulation after the reaction.

7.1.2 General Reaction Setup

See section 3 (Borylation General Procedure) for the first step of the aryl halide radiofluorination step
(Procedure 3B). Aryl halide borylation was carried out on a 125 umol scale for 16 h. After filtration, 80 pL.
of the reaction was transferred to the synthesis module reactor Vial 4. DMA (40 pL) was then added.

Cu(OTf), (18.77 equiv, 135.75 mg) was weighed into a vial under N». Pyridine (75 equiv, 151.2 puL) and
dimethyl acetamide (DMA) (1.5 mL) were then added and the mixture was sonicated to ensure complete
dissolution. An aliquot of this solution (40 puL) was added to Vial 3, followed by additional DMA (160 pL).

n-BuOH (600 uL) was added to Vial 5.

['®F]KF was produced in a cyclotron (30 min beam) as described in the literature?' and then trapped on a
QMA Sep-Pak filter and eluted into the reaction vessel using KOTf (10 mg) and K»>COs (50 pg) in H.O
(0.5 mL). The solution was azeotropically dried with MeCN (1 mL) at 100 °C. After drying, the reaction
was allowed to cool to 50 °C before dispensing of Vials 3, 4, and 5 in the stated order. The temperature was
then increased to 120 °C, and the mixture was stirred for 20 min. The reaction was allowed to cool to room
temperature, water (2 mL; vial 6) was added, and the resulting solution was diluted with an additional 50
mL of H>O in the dilution flask (modification connecting V14 to V18 is used) before transferring and
trapping onto a C18 Sep-pak. The C18-Sep-pak was then washed with 10 mL of H,O to remove inorganic
impurities. Elution with 2 mL of EtOH was used to transfer the product into a 10 mL sterile vial, and then
the yield and molar activity were measured.
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7.2 Reaction

filtration then

1 mol % Pd{DAc)s )
Br 3 mal % ¥Phos BRin 0-25 equiv Cu{OTf);
1.2 aquiv Bypin; 1.25 aquiv Pyridine

o 2.2 aquiv KsPOy ” K'F (~1.29 mCi) - o
IFAC, B85 °C IPAC/DMA/R-BuOH
"EI-uDJL'ﬂ Ny, ovemight HuDJLﬁ Me 120 *C, 20 min *a.,.g‘}l“'
o (]

M
H

(o}

18

Ma

Radiofluorination conditions: Procedure 6.2A. HPLC Column: Column D. HPLC Conditions: Method

6.

The radiofluorination was automated in a synthesis module in a hot cell

RCY [%] Molar Activity Molar Activity
(Ci/mmol) (TBq/mmol)
1 2.5 20625 763
2 16.0 10586 392

RCY = Decay-Corrected calculated via Section 5.1
Analytical HPLC (UV trace): authentic standard

mV
2 Detector A 254nm
1 o
1000-| s
1 |
750
500
250
] & 5
| s @
O 1 1 ‘L_ =
00 25 50 75 100 125 150 175 200
min
Analytical HPLC (radio trace): authentic standard
mv
B AD2
=2
300— “’
: |
200 “
100 |
n N ‘
5
o |
. - . S B S |
00 25 50 75 100 125 150 175 200

min

Table 4
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BPin

0.25 equiv Cu(OTf),

1.25 equiv Pyridine

0 K'®F (~1.39 mCi) o,

M
‘Bqu\H OMe
o)

*From commercially available pure Boc-Phe(4-BPin)-OMe via Ambeed

IPAC/DMA/n-BuOH
120 °C, 20 min

Radiofluorination conditions: Procedure 6.2A. HPLC Column: Column D. HPLC Conditions: Method

6.

The radiofluorination was automated in a synthesis module in a hot cell

RCY = Decay-Corrected calculated via Section 5.1

13.29 1599 59
Analytical HPLC (UV trace): authentic standard
mV
B ~ ~ Detector A 254nm|
1 |8 2
1s0] |3 Xt
] ‘ I
[
100 ' H
] \
] ‘\ |
50| || A
1 |
1\ I\
O: / \,_% J N o — _—
s 10 15 20 EPY
min
Analytical HPLC (radio trace): authentic standard
mV
= AD2
- o
200+ A
] |
] B
1 [
100+ [
1 |
¢ . - I
ol - h I ~ . — _
0.0 25 5.0 10.0 125 '
min

Table 5
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All Derivatives for Phenylalanine
Note that the peak at 1.48 min represents the DMF that these compounds were dissolved
in.

The difference in retention time compared to previous automation is due to the use of the
hplc column over time. Colnjects confirmed that this was indeed still the same product as
seen in the previous page.

Analytical HPLC (UV trace): authentic standard for BPin

mV
] S Detector A 254nm|
100 |2
BPin
75 | 0
‘BUOJ\H OMe
50 0
7 |
|
25 (1 .
] - g
] & ©
] @ = S
4 N o
ol LSO VAN
0 I 5 10 " s ' 20 25
min
Analytical HPLC (UV trace): authentic standard for Proto
mV
| -3 Detector A 254nm)|
] |
30+ ‘
1 Il
|
(| o}
20 ‘ ‘BUoJ\N OMe
] | | H (0]
4 | | |
0 ‘
- |
o
) T T T T
0 5 10 15 20 25

min
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Analytical HPLC (UV trace): authentic standard for Fluoro

mV
1 3 3 Detector A 254nm
ol |8
1 I F
1 | |
100 i
] o
] " l | ‘BuOJ\N OMe
50—_ | I H o
| \ I\
D; N\ . J \ o R . |
0 ' 5 ' 10 ' 15 "2 ' " 25
min
Analytical HPLC (UV trace): authentic standard for Chloro
mVY
] © Detector A 254nm
100+ |=
] |
I
1
™ ‘ cl
N i
1 2 %uo)LN OMe
© H
] |\ i o
25+ | (l
] I |
G i Vil - —_— Jl‘ S —_—
0 - 5 0 15 20 25
min
Analytical HPLC (UV trace): authentic standard for Bromo
mV
1 © Detector A 254nm|
100+ hd
5] |
1 | Br
50; ‘ =] [e)
] l - %uo)LH oMe
i | i
5 | I ©
1 | \
J AN
— . T —— . A ———
min
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Analytical HPLC (UV trace): authentic standard for lodo

mV
| 3 Detector A 254nm
| w3
150~ ",c_i
w0 ﬁ I
b
] X |
100+ | | )Ol\ o
1 |
] I l BuO H °
| [ O
1 |
50- | |
] | | \
1 1
] l |
0+ - — L ——
T T T
0 5 10 15 20 25
min
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8. NMR Analysis

"H NMR (CDCls, 500 MHz) of 8-fluoro-6-methyldibenzo[c,f][1,2]thiazepin-11(6H)-one 5,5-dioxide

=008

0.0

20

30

5.0

60
1 (ppm)

100 80

10

120

10

4.0

7.0

9.0
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3C NMR (CDCls, 126 MHz) of 8-fluoro-6-methyldibenzo[¢,f][1,2]thiazepin-11(6H)-one 5,5-dioxide
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F NMR (CDCls, 377 MHz) of 8-fluoro-6-methyldibenzo[c,f][1,2]thiazepin-11(6H)-one 5,5-dioxide

_n:
103.70
103.72

103.73
L-103.75

20 0 20 -40 -60 -80 -100 -120 140 -160  -180
1 (ppm)
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"H NMR (DMSO-ds, 500 MHz) of 4-fluoro-3,5-dimethylphenol

Me OH €]
=
Me O
© 53:\1 0 oL
[=] = oo D ==
o © @ o0 o oo N
| S ! -
[
[ |
1 1
L
T T T
8 S &
T T T T T T T F- = T T I.‘..il T T
120 1.0 100 9.0 80 7.0 6.0 50 4.0 30 20 10 0.0
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BC NMR (DMSO-ds, 126 MHz) of 4-fluoro-3,5-dimethylphenol

Me OH
po

3
te 2833 3383 0o
239s S3ss 4 ;s
weTS O \ 37
230 210 190 170 150 130 110 90 70 50 30 10  -10

1 (ppm)
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F NMR (DMSO-ds, 377 MHz) of 4-fluoro-3,5-dimethylphenol

Me OH o0 o WD WO WO
A AN AY
LR R AT N
MMmMmMm
F T T
Lt

Me

20 0 20 -40 -60 -80 -100 -120 -140 -160  -180
1 (ppm)
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"H NMR (CDCls, 500 MHz) of 5-((4-fluoro-3,5-dimethylphenoxy)methyl)oxazolidin-2-one
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BC NMR (CDCls, 126 MHz) of 5-((4-fluoro-3,5-dimethylphenoxy)methyl)oxazolidin-2-one

85393 ened Dos [ o
28338 B&zs 38 g g3
REEZE  RERY x | e
NH
Me. O\/EO#O
X
Me
230 210 190 170 150 130 10 90 70 50 30 10  -10
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F NMR (CDCls, 377 MHz) of 5-((4-fluoro-3,5-dimethylphenoxy)methyl)oxazolidin-2-one

Meji)/O\/E;\I)H: S

Me

~130.93
113095
1113096

/
\
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"H NMR (CDCls, 500 MHz) of 2-(diethylamino)-N-(4-iodo-2,6-dimethylphenyl)acetamide
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3C NMR (CDCls, 126 MHz) of 2-(diethylamino)-N-(4-iodo-2,6-dimethylphenyl)acetamide

g
= - S '
(3] A [+]
s ;‘3:% = - 8 3 P
(] - o ]
= M| o ) 5 2 oo
| e | | |

230 210 190 170 150 130 110 90 70 50 30 10
1 (ppm)

S114



"H NMR (CDCl3) (CDCl3, 500 MHz) of Boc-Phe(4-1)-Trp-OMe
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13C NMR (CDCLs, 126 MHz) of Boc-Phe(4-I)-Trp-OMe
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"H NMR (CD,Cl,, 600 MHz) of Boc-Phe(4-1)-Glu(OMe)-OMe
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13C NMR (CD,Cl,, 126 MHz) of Boc-Phe(4-1)-Glu(OMe)-OMe
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'H NMR (DMSO-ds, 600 MHz) of Boc-Trp(5-Br)-OMe
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13C NMR (DMSO-ds, 126 MHz) of Boc-Trp(5-Br)-OMe
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"H NMR (CDCls, 500 MHz) of Boc-Phe(4-1)-Met-OMe
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13C NMR (CDCL, 126 MHz) of Boc-Phe(4-1)-Met-OMe
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"H NMR (CDCls, 600 MHz) of Boc-Phe(4-I)-Ser-OMe
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BC NMR (CDCls, 126 MHz) of Boc-Phe(4-1)-Ser-OMe
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'H NMR (CD,Cl,, 600 MHz) of Boc-Phe(4-I)-Lys(Boc)-OMe
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BC NMR (CD:Cl,, 126 MHz) of Boc-Phe(4-1)-Lys(Boc)-OMe

10202 PEES

ZE'LEL—
Wegly
R_mE,n_
08 el
0c95L

BLLL L~
99ZLL”

NHBoc

|
I

1770 150 130 110 90
1 (ppm)

190

210

230

S126



"H NMR (CDCls, 600 MHz) of Fmoc-Phe(4-1)-OMe
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13C NMR (CDClL;, 126 MHz) of Fmoc-Phe(4-1)-OMe
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"H NMR (CDCls, 500 MHz) of Boc-Phe(4-1)-O'Bu
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13C NMR (DMSO-ds, 126 MHz) of Boc-Phe(4-1)-O'Bu
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"H NMR (DMSO-ds, 600 MHz) of Boc-Phe(4-I)-Pro-OMe 80 °C
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"H NMR (CDCls, 500 MHz) of Boc-Phe(4-1)-Pro-OMe
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"H NMR (CDCls, 600 MHz) of Boc-Phe(4-1)-Leu-OMe
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BC NMR (CDCls, 126 MHz) of Boc-Phe(4-1)-Leu-OMe
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"H NMR (CDCls, 401 MHz) of Boc-Phe(4-1)-OMe
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13C NMR (CDCLs, 126 MHz) of Boc-Phe(4-1)-OMe
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"H NMR (CDCls, 600 MHz) of Boc-Phe(4-1)-Tyr-OMe
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BC NMR (DMSO-ds, 126 MHz) of Boc-Phe(4-1)-Tyr-OMe
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"H NMR (CDCls, 600 MHz) of Ac-Phe(4-1)-OMe
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13C NMR (CDCLs, 126 MHz) of Ac-Phe(4-1)-OMe
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"H NMR (CDCls, 600 MHz) of Boc-Phe(4-F)-Leu-OMe
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BC NMR (CDCls, 126 MHz) of Boc-Phe(4-F)-Leu-OMe
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F NMR (CDCl;, 564 MHz) of Boc-Phe(4-F)- Leu-OMe
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"H NMR (CDCls, 600 MHz) of Boc-Phe(4-F)-Pro-OMe
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BC NMR (CDCls, 126 MHz) of Boc-Phe(4-F)-Pro-OMe
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F NMR (CDCl;, 564 MHz) of Boc-Phe(4-F)-Pro-OMe
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"H NMR (CD:Cl,, 500 MHz) of Boc-Phe(4-F)-Trp-OMe
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13C NMR (DMSO-ds, 126 MHz) of Boc-Phe(4-F)-Trp-OMe
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F NMR (CDCls, 564 MHz) of Boc-Phe(4-F)-Trp-OMe
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"H NMR (CD,Cl,, 500 MHz) of Boc-Phe(4-F)-Lys(Boc)-OMe
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BC NMR (CD:Cl,, 126 MHz) of Boc-Phe(4-F)-Lys(Boc)-OMe
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F NMR (CD,Cl,, 471 MHz) of Boc-Phe(4-F)-Lys(Boc)-OMe
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"H NMR (CD:Cl,, 500 MHz) of Boc-Phe(4-F)-Met-OMe
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13C NMR (CD,Cl,, 126 MHz) of Boc-Phe(4-F)-Met-OMe
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F NMR (CD,Cl,, 564 MHz) of Boc-Phe(4-F)-Met-OMe
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"H NMR (CDCls, 600 MHz) of Boc-Phe(4-F)-Glu(OMe)-OMe
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13C NMR (CDCL, 126 MHz) of Boc-Phe(4-F)-Glu(OMe)-OMe
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F NMR (CDCls, 564 MHz) of Boc-Phe(4-F)-Glu(OMe)-OMe

[Ts]
=]
o
[
F
Me O
Me H
Mej\OJLN N -Me
H OO O,Me
20 0 20 -40 -60 -80 -100 -120 -140 -160  -180
f1 (ppm)

S159



"H NMR (DMSO-ds, 600 MHz) of Boc-Phe(4-F)-Tyr-OMe
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BC NMR (CDCls, 126 MHz) of Boc-Phe(4-F)-Tyr-OMe
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F NMR (CDCls, 564 MHz) of Boc-Phe(4-F)-Tyr-OMe
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'H NMR (CDCls, 600 MHz) of Boc-Phe(4-F)-OMe
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13C NMR (CDsCN, 126 MHz) of Boc-Phe(4-F)-OMe
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F NMR (CDsCN, 564 MHz) of Boc-Phe(4-F)-OMe
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"H NMR (CDCls, 600 MHz) of Ac-Phe(4-F)-OMe

96l

EOL
E0'L
vo'L
S0'L
SO'L
0L
€12029¢L

o
\)LO,Me

P

Me
\n/
o

F00'g-

Fsog

~680

Feeo

T FYEd

Jrikg

0.0

60
1 (ppm)

r 98l
-6l

' 80

100

10

120

30 20 10

4.0

5.0

7.0

9.0

S166



13C NMR (CDsCN, 126 MHz) of Ac-Phe(4-F)-OMe
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F NMR (CDsCN, 564 MHz) of Ac-Phe(4-F)-OMe
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"H NMR (CDCls, 600 MHz) of Boc-Phe(4-F)-O'Bu
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13C NMR (CDCL, 126 MHz) of Boc-Phe(4-F)-O'Bu
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F NMR (CDCl;, 564 MHz) of Boc-Phe(4-F)-O'Bu
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"H NMR (CDCls, 600 MHz) of Fmoc-Phe(4-F)-OMe
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13C NMR (CDCLs, 126 MHz) of Fmoc-Phe(4-F)-OMe
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F NMR (CDCls, 564 MHz) of Fmoc-Phe(4-F)-OMe
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'H NMR (DMSO-ds, 500 MHz) of Boc-Trp(5-F)-OMe
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13C NMR (DMSO-ds, 126 MHz) of Boc-Trp(5-F)-OMe
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F NMR (DMSO-ds, 564 MHz) of Boc-Trp(5-F)-OMe
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