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Supplementary Methods

XCT small inhibitory RNA (siRNA)

H460 cells (1 x 10°/mL) were seeded in 6-well plates in antibiotic-free RPMI (2 mL) the day
before siRNA transfection with lipofectamine 2000 (ThermoFisher) according to the
manufacturer’s instructions. Specific siRNAs targeting xCT were custom-made by Thermo
Scientific using the following sequences: GGAGUUAUGCAGCUAAUUALtt (sense) and
UAAUAAGCUGCAUAACUCCag (antisense), sequences that have been validated previously
[1]. Scrambled siRNA was used as a control (Silencer™ Negative Control; Invitrogen). siRNA
was added at a final concentration of 25 nM, and xCT knockdown was examined by western

blot 48h after transfection.

Bioluminescence imaging

Orthotopic NCI-H460 FLuc tumors were monitored through BLI imaging using an IVIS Spectrum
in vivo imaging system (PerkinElmer). Images were acquired 4 h post cell inoculation to confirm

successful delivery of cells to the lung. Mice were subsequently imaged once a week for the first



3 weeks and then every 3-4 days thereafter. For BLI imaging, mice were anesthetized with
isoflurane (1-2 % in O,) and injected i.p. with 150 mg/kg firefly luciferin (Promega) before being
transferred to the IVIS Spectrum camera and maintained at 37°C. Images were acquired until
the luminescent signal plateaued ~20 min p.i. of luciferin, ensuring maximum tumor signal was
reached (exposure time 1-60 s, binning 2-8, FOV 23 cm, f/stop 1, no filter). Tumor growth was
monitored over 5 weeks or until experimental endpoint. For signal quantification, images were
analyzed using Living Image software (PerkinElmer). A region of interest was drawn around the
entire thorax and total photon flux was measured (photon/sec). Once the bioluminescent signal

reached ~5 x 107 photons/s/cm?®, mice were selected for PET/CT imaging.

Histology

All lungs where fixed in 10% buffered formalin, 4°C overnight before being stored in 70%
ethanol until processing by UCL IQPath (London, UK) for histologic analysis. Formalin fixed
paraffin embedded tissues were sliced and stained with hematoxylin & eosin (H&E).
Immunohistochemistry (IHC) was performed with a Discovery XT system (Ventana Medical
Systems) using the DAB Map detection kit (Ventana). Sections were additionally stained for T-

cells (anti-CD3).

In vivo metabolite analysis

In vivo metabolism of ['®F]FRPG and ["*F]JFSPG was performed by radio-HPLC analysis. The
amount of metabolite and parent tracer were quantified based on the area under the curve
(region of interest) for ['®F]FRPG (retention time 6:51 minutes:seconds) or ['*F]FSPG (retention
time 7:10 minutes:seconds) and their corresponding metabolites (['*F]JFRPG metabolite
retention time 15:15 minutes:seconds, ['®FIFSPG metabolite retention time 16:30
minutes:seconds), and expressed as a percentage (mean + SD). Tumor, blood, liver, pancreas,

and urine samples were analyzed at 60 min post-injection of the tracer.



A549 cells (5 x 10°) in PBS were injected into the flank of female Balb/c nu/nu mice. When the
tumors reached ~100 mm® mice were anesthetized with isoflurane (1.5-2% in oxygen) and
injected with ~10 MBq of radiotracer through a tail vein cannular. Mice were maintained at 37°C
under anesthesia throughout radiotracer uptake. At 60 minutes p.i., the mice were sacrificed by
exsanguination via cardiac puncture under terminal anesthesia. Liver, tumor, pancreas, urine,
and blood samples were harvested and placed on ice prior to processing. The blood samples
were centrifuged (2,000 x g for 5 min, 4°C), the plasma was removed and transferred to a 1.5
mL Eppendorf. Ice-cold MeOH (1 mL) was added to the plasma and urine samples, and both
were briefly mixed on a Vortex. On ice, ice-cold MeOH (1 mL) was added to the liver, tumor and
pancreas samples prior to homogenization using a PRECELLYS® 24 tissue homogenizer. All
samples were then centrifuged (12,000 x g for 5 min, 4°C) and the supernatant transferred to a
glass vial through a Millex 0.2 pm filter (Millipore, Billerica, MA, USA). The samples were diluted
with 3 mL mobile phase (H20, 0.1% TFA), passed through another Millex 0.2 um filter (Millipore,
Billerica, MA, USA) and monitored by reverse phase HPLC (2.5 mL injection). Column:
ZORBAX ® StableBond 300 C18, 9.4 x 250 mm, 5 ym HPLC column at room temperature;
solvent A: H,O (0.1% TFA), solvent B: MeOH (0.1% TFA); flow rate: 4 mL/min; UV detector: 254

nm; gradient: 3% B, 0-1 min; 3-5% B, 1-11 min; 5-95% B, 11-16 min; 95-3% B, 16-20 min.

In vivo imaging with [**F]FRPG following inhibition of system x’

3 x 10° H460 cancer cells in 100 yL PBS were injected subcutaneously into female Balb/C
nu/nu mice aged 6-9 weeks (Charles River Laboratories). Tumor growth was monitored and
['"®FJFRPG PET/CT imaging was performed as described above once the tumor size reached
~100 mm?®. Immediately after PET/CT imaging, mice were recovered and randomized. 24 h
later, mice where anaesthetized with isoflurane (2-2.5% in O,) and received a single 10 pL

intratumoral injection of 2.5 mg/kg imidazole ketone erastin (IKE) which was dissolved in Hank



Balancing Salt Solution (HBSS) with 5% DMSO. One hour following the administration of IKE,
mice were re-imaged by ['®°FJFRPG PET/CT for an hour. Mice remained anaesthetized

throughout the IKE treatment and imaging.



Supplementary Figures
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Supplementary Fig. S1. Example radio and UV chromatograms of ['*FIFRPG and ['®F]FSPG
after reaction with OPA. A. Radio-chromatogram of ['®F]FRPG after reaction with OPA reagent
(top) and the corresponding UV-chromatogram (bottom) showing co-elution of the ‘cold’
['®FJFRPG-OPA product. B. Radio-chromatogram of ['®F]JFSPG after reaction with OPA reagent
(top) and the corresponding UV-chromatogram (bottom) showing co-elution of the ‘cold’
['°F]FSPG-OPA product. Column: Chromolith C18 (100 x 4.6 mm); solvent A: H,O (0.1% TFA),
solvent B: MeOH (0.1% TFA); flow rate: 3 mL/min; UV detector: 314 nm; gradient: 10-90% B, O-

10 min; 90% B, 10-15 min.
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Supplementary Fig. S2. Example radio and UV chromatograms of ['®FJFRPG and ['®F]FSPG
after reaction with OPA, using a 37% isocratic gradient to achieve separation of the two OPA-
adducts. A. Structures of the OPA adducts produced upon OPA derivatization of ['*F]JFRPG,
['8F]FSPG and their corresponding cold reference standards (FRPG-OPA (1), FSPG-OPA (2),
["®FIFRPG-OPA (['®F]1), ['"®FIFSPG-OPA (['®F]2)). B. UV-chromatograms of ['°F]FRPG and
['FIFSPG after reaction with OPA reagent. C. Radio-chromatograms of ['®F]FRPG and
['8F]FSPG after reaction with OPA reagent. Column: Chromolith C18 (100 x 4.6 mm); solvent A:
H20 (0.1% TFA), solvent B: MeOH (0.1% TFA); flow rate: 3 mL/min; UV detector: 314 nm;

gradient: 5-37 % B, 0-1 min; 37% B, 1-20 min.
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Supplemental Fig. S3. Genetic knockdown of xCT reduces tumor retention of ['*F]FRPG and
["®F]JFSPG. A. xCT protein expression in untreated H460 cells, and cells treated with either xCT
siRNA or scrambled control siRNA. Actin was used as a loading control. B. ["®F]FRPG and
['8F]FSPG cell uptake following knock-down of XCT expression by siRNA. Data represents 3
technical repeats. The percentage decrease in radiotracer cell retention for xCT siRNA vs.

control siRNA treatments are provided.
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Supplementary Fig. S4. The xCT inhibitor IKE reduces ['*FIFRPG tumor retention. A.
Representative single slice sagittal, coronal and axial (inset) PET/CT images in H460
subcutaneous tumor-bearing mouse 40-60 min after injection of ~3 MBq ['*FIFRPG. B.
Representative single slice sagittal, coronal and axial (inset) ["°FIFRPG PET/CT (summed 40-
60 min) images from the same mouse 1 h following the intratumoral injection of IKE. Imaging of
control mice and IKE treated mice was performed 24 h apart in the same animals. White
arrowheads indicate the tumor margins. P, pancreas. C. Quantification of radiotracer retention in

matched H460 tumors imaged 24 h apart. Data points represent individual animals. *, P < 0.05.



['®F]FRPG - Parent

60000
2 40000
S,
2
2
g 20000
<
T T T T T 1
0 5 10 15 20 25
Time
[min]
['®FIFRPG - Liver
100
_. 80
0
o
S 60
2
2 40
S
<
20
0
0 5 10 15 20 25
Time
[min]

Supplementary Fig. S5. Representative radio-HPLC chromatograms and in vivo metabolite
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analysis of ['"®F]JFRPG from tumor, blood, liver, pancreas, and urine samples.
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Supplementary Fig. S6. Representative radio-HPLC chromatograms and in vivo metabolite
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Supplementary Fig. S7. Representative CD3 IHC staining of lung sections, showing increased
T-cell infiltration with LPS treatment compared to PBS-treated control lungs. Main images are
shown at 0.46x magnification (scale bars, 5 mm) and inserts at 5x magnification (scale bars,

500 pm).
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Supplementary Fig. S8. ['®F]FRPG PET/CT maximum intensity projection 40-60 min p.i. of an
orthotopic H460 lung tumor-bearing mouse. White arrows indicate the presence of multiple

tumor lesions. P, pancreas; B, bladder.



Supplementary Tables

Supplementary Table S1. Percentage of intact parent radiotracer (["®F]FRPG or ["*F]IFSPG)

and corresponding metabolite in tissue samples, as determined by radioHPLC.

Tissue Percentage radioactivity: [ "F]JFRPG Percentage radioactivity: [ "F]JFSPG
Parent Metabolite Parent Metabolite
Tumor 97.5+0.5 2605 845174 15.5+7.4 (%)
Blood 48.0+4.4 52.0+4.4 69.1+34 30.9 £ 3.4 (***)
Urine 69.3+4.2 30.7+4.2 87.0x1.4 13.0 £ 1.4 (*)
Liver 93.3+2.07 6.7 £ 2.07 >97 <3(")*
Pancreas 91.0+£1.0 9.0+1.0 96.7 1.3 3.3+1.3(*)

7 metabolite below detection threshold. *, P < 0.05; **, P < 0.01; ***, P < 0.001. Data are presented as mean + SD

(n = 3-5).

References
1. Beinat C, Gowrishankar G, Shen B, Alam IS, Robinson E, Haywood T, et al. The
Characterization of (18)F-hGTS13 for Molecular Imaging of xC- Transporter Activity with PET.
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SUPPLEMENTARY INFORMATION:

SYNTHESIS AND SPECTRA

Radiotracer stereochemistry affects substrate affinity and kinetics for improved

imaging of system x;” in tumors

Hannah E. Greenwood*, Richard Edwards*, Norman Koglin, Mathias Berndt, Friedrich Baark,

Jana Kim, George Firth, Eman Khalil, Andre Mueller, Timothy H. Witney

Synthesis of ['°FJFRPG cold standard
['"FIFRPG ‘cold’ standard was obtained from Life Molecular Imaging. Procedures for the

synthesis of [°FIFRPG were obtained from the company and are reported in short below.

TfO™~"OTBS >|\
>I\ Jv\‘/u\ )< Trltyl chloride O o LiHMDS O Q )<
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Scheme 1. Synthesis of ['°FIFRPG.



Di-tert-butyl-(2S)-2-(tritylamino)pentane dioate (2)

S,
O%\/leok
HTrt
To a solution of di-tert-butyl L-glutamate hydrochloride (1) (400 g, 1.35 mol) in dichloromethane

(2.0 L) was added a solution of DIPEA (402 g, 3.11 mol) in dichloromethane (1.0 L). The

resulting solution was cooled to 0 to 5 °C and triphenylmethyl chloride (339 g, 1.22 mmol) was

added portion wise. The reaction solution was stirred at room temperature for 12 h. After the
reaction was complete, the reaction mixture was quenched with 15% citric acid solution (1.6 L)
and stirred for 15 min. The organic solution was separated, washed with water (2.8 L), followed
by 5% sodium bicarbonate solution (1.0 L), and then 10% brine solution (1.0 L). Finally, the
organic layer was dried over anhydrous sodium sulfate (50 g), and concentrated in vacuo to
give (S)-di-tert-butyl 2-(tritylamino)pentane dioate (2) (633 g, 94%) as a solid.

'H NMR (400 MHz, CDCl;) & 7.51 (br. d, 6H) 7.24-7.29 (m, 6H), 7.16-7.21 (m, 3H), 3.37 (br. s,
1H), 2.76 (br. d, 1H), 2.51 (ddd, 1H), 1.90-1.20 (m, 3H), 1.47 (s, 9H), 1.17 (s, 9H).

Di-tert-butyl (2S)-4-(3-hydroxypropyl) 2-(tritylamino)pentane dioate ((2S,4R/S)-4)

Sef Bk
f “Tr

HO

To a stirred solution of (S)-di-tert-butyl-2-(tritylamino)pentane dioate (350 g, 0.697 mol) in THF
(4.55 L) was added LIHMDS (4.19L, 4.19 mol, 1.0 M in THF) slowly at -78 °C and stirred for
1h. To this solution was slowly added a solution of 3-(tert-butyl dimethylsilyloxy)propyl
trifluoromethanesulfonate (675 g, 2.1 mol) in DCM (4.5 L). The resulting solution was stirred for
2 hrs. After the completion of the reaction, the reaction mixture was quenched with 2 N NH4CI
solution (3.5L). The layers were separated, and the aqueous layer was extracted with ethyl
acetate (2 x 2.28 L). The combined organic layers were washed with 20% brine (3.5L) and
dried over anhydrous Na,SO, (105 g) and concentrated under reduced pressure to obtain the
crude compound as a yellowish oil. The crude compound was purified by column

chromatography on silica gel (100 — 200 mesh) using 0 to 5% ethyl acetate in hexane to give



412 g of the TBS protected alcohol ((2S,4R/S)-3) (mixture of diastereomers (2S,4R/S) as a

colourless oil.

To a solution of the partially purified TBS protected alcohol ((2S,4R/S)-3) (410 g crude,
0.608 mol) in THF (1.64 L) was added a solution of TBAF-3H,O (383 g, 1.22 mol) in THF
(2.46 L) at 0 °C slowly. The reaction mixture was allowed to warm to RT and stirred at this
temperature for 3 hrs. After the reaction was complete, the reaction mixture was quenched with
deionized water (4.1 L) and stirred for 30 min. The layers were separated, and the aqueous
portion was extracted with ethyl acetate (2 X 1.5 L). The combined organic layers were dried
over anhydrous Na,SO, (100 g) and concentrated under reduced pressure to obtain the crude
compound. The crude was purified by column chromatography on silicagel (60 — 120 mesh)
using 10 to 30% ethyl acetate in hexane as eluant to obtain 250 g of the alcohol product
((2S,4R/S)-4) as a liquid (64%, over 2 steps). The product was present as a ~70:30%,
(2S,4R):(2S,4S) diastereomeric mixture.

"H NMR (400 MHz, CDCly) & 7.45-7.53 (m, 6H) 7.21-7.30 (m, 6H), 7.12-7.20 (m, 3H), 3.55-3.67
(m, 2H), 3.23-3.34 (m, 1H), 2.70-2.82 (m, 1H), 2.35-2.45 (m, 1H), 2.06-2.20 (m, 1H), 1.48-1.78
(m, 5H), 1.47 (s, 9H), 1.16 (s, 9H).

MS (ESI) C35H4sNOs: m/z 560 [M]".

Crystallisation

Purification-I:

Column purified (2S,4R/S)-4 (250 g) was dissolved in n-hexane (725 mL) and stirred at 25-
30 °C for 30 minutes. The resulting solution was cooled to 0 to 5 °C for 30 minutes and then
gradually allowed to warm to 25-30 °C and maintained at this temperature for 2 hours. A pale
yellow solid precipitated in solution was stirred at 25-30 °C for an additional hour. The solid was
filtered using a buckner funnel and washed with n-hexane (500 mL) before being dried under
vacuum for an hour to give 150.5 g (4) as a pale yellow solid. Chiral purity = 94.10% (2S,4R) :
5.90% (2S,4S), Achiral purity = 99%.

Purification-II:
The above purified material (150.5 g), was dissolved in n-hexane (375 mL) and heated to 35 to
40 °C and maintained at this temperature for 2 hours. The resulting slurry was filtered using a

buckner funnel and the collected solid was washed with n-hexane (75 mL) and dried under



vacuum for one hour to give 112.5 g (2S,4R)-4 as a white solid. Chiral purity = 98% (2S, 4R):
2.0% (2S, 4S), Achiral purity > 99%.

(4R)-4-(3-fluoropropyl)-L-glutamic acid (['°FIFRPG)

0 0
HO ~OH
NH;"
CF4CO,
E
To a solution of (25,4R)-4 (50 g, 89 mmol) in dichloromethane (400 mL) at 0°C was added
triethylamine (13.6 g, 134 mmol) and stirred for 10 min. To the above solution was added a
solution of mesyl chloride (8.3 mL, 107 mmol) in dichloromethane (100 mL) slowly. The reaction
mixture was stirred for 3 h. An additional portion of triethylamine (4.5 g, 0.0445 mol) and mesyl
chloride (3.05 g, 26.7 mol) was added and stirred for an additional 1h. After the reaction was
complete, the reaction mixture was quenched with deionised water (500 mL). The organic layer
was extracted with dichloromethane (250 mL). The combined organic layers were washed with
20% brine (250 mL) and dried over anhydrous Na,SO, (5 g) and concentrated under vacuum to
obtain the crude mesylate (5) (66 g). The crude compound obtained was taken for the next step

without further purification.

To a solution of 5 (65.27 g) in THF (653 mL) at 30 °C was added a 1.0 M solution of TBAF in
THF (716 mL, 716 mmol) in one portion. Resulting solution was refluxed for 1 h. After the
reaction was complete, the reaction mixture was concentrated under reduced pressure to obtain
the crude compound. To the crude was added DCM (350 mL) and deionised water (326 mL).
The organic layer was separated and washed with 10% brine (326 mL), dried over anhydrous
Na,SO, and concentrated under vacuum to obtain the crude compound (6) (51 g). To the crude
compound (51 g) was added n-hexane (55 mL) and the mixture was stirred overnight. The solid
obtained was filtered and washed with n-hexane (102 mL). The compound was dried under

vacuum for an hour to obtain pure 6 (36.5 g).

To 6 (45g) at 0 to 5 °C was added trifluoro acetic acid (174 g) drop wise over 1 hour. After
addition was complete, the reaction was maintained at the same temperature for 30 minutes
and then gradually allowed to warm to 25-30 °C. The reaction mixture was maintained at the
same temperature for 3 days. The reaction was monitored by TLC and after the reaction was

complete, the volatiles were removed under reduced pressure. The resulting mixture was



triturated with diethyl ether (2 x 225 mL) and concentrated. The crude obtained was stirred in
diethyl ether (225 mL) overnight. A fluffy solid was formed and isolated on a buckner funnel,
washed with diethyl ether and then dried under suction for 10 minutes. The solid was dried
under vacuum for 2 hours to obtain crude ['°F[FRPG (Crude, 18.5 g).

To a stirred solution of crude ['*FIFRPG (18.5 g) in DM water (450 mL) was added 1 N sodium
hydroxide solution (102 mL) in order to adjust the pH to 7.4. After adjusting the pH, the resulting
solution was concentrated at 60 to 65 °C under reduced pressure for 3 hours. The solid
obtained was ftriturated with methanol (90 mL) and toluene (135 mL). The solid obtained was
purified using prep. HPLC. The purified material was concentrated at 50 to 55 °C under reduced
pressure and the material was triturated with methanol (90 mL) followed by toluene (135 mL) to
obtain pure ["*F]FRPG trifluoroacetic acid salt (12.5 g, 75%) as a white solid.

"H NMR (400 MHz, D,0) & 4.61 (t, J = 5.9 Hz, 1H), 4.52 — 4.46 (m, 1H), 3.74 (dd, J = 9.1, 4.1
Hz, 1H), 2.44 (dddd, J = 9.9, 7.9, 5.7, 4.5 Hz, 1H), 2.19 (ddd, J = 14.9, 9.7, 4.1 Hz, 1H), 1.93
(ddd, J = 14.9, 9.1, 4.5 Hz, 1H), 1.81 — 1.57 (m, 4H).

3C NMR (101 MHz, D,0) & 182.95, 174.52, 120.69, 117.79, 114.89, 85.87, 84.30, 28.13, 28.08,
27.78, 27.59.

“F NMR (376 MHz, D,0) & -75.56, -216.90.
MS (ESI); m/z =208 [M+H]"

The data are in agreement with those previously reported for the 2S,4S isomer [1]. Importantly,

the compound is stable for > 1 year at -20 °C, as measured by 'H, °F and "*C NMR.

Synthesis of ['°FJFSPG cold standard

["FIFSPG ‘cold’ standard was obtained from Life Molecular Imaging. Procedures for their
synthesis can be found in patents published by the company and are reported in short below
[2,3].
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Scheme 2. Synthesis of ['°F]FSPG.

Di-tert-butyl (2S,4S)-4-allyl-2-((tert-butoxycarbonyl)amino)pentane dioate ((2S,4S)-8)

>|\o o)
o%\:A‘/u\o)<

X~ NHBoc

Di-tert-butyl Boc-glutamate [4] (7) (26.96 g, 75 mmol) was dissolved in THF (220 mL) and
cooled to -78° C before addition of LIHMDS (165 mL, 165 mmol, 1M in THF) dropwise over a
period of two hours at this temperature. The mixture was stirred at -78° C for another 2 hours.
Allyl bromide (27.22 g, 225 mmol) was then added dropwise, and after 2 h at this temperature,
the cooling bath was removed and 2N aqueous hydrochloric acid (375 mL) and ethyl acetate
(1.25 L) were added. The organic phase was separated off, washed with water until neutral,
dried over sodium sulphate, filtered, and the filtrate concentrated under reduced pressure. The
crude product was purified by flash chromatography using a hexane/ethyl acetate gradient, and

the appropriate fractions were combined and concentrated to give (2S,4S)-8 (15.9 g, 53.1%).

"H NMR (300 MHz, CDCl3) & 5.68-5.77 (m, 1H), 5.02- 5.11 (m, 2H), 4.85-4.92 (d, 1H), 4.10-4.18
(m, 1H), 2.40-2.48 (m, 1H), 2.25-2.39 (m, 2H), 1.81-1.92 (m, 2H), 1.32-1.58 (m, 27H).

MS (ESI): m/z=400 [M+H]*

Di-tert-butyl (25,4 S)-4-(3-hydroxypropyl)-2-((tert-butoxycarbonyl)amino)pentane dioate
((2S,4S)-9)




oo L
HO/\/ NHBoc

To a solution of (2S5,4S5)-8 (15.58 g, 39 mmol) in THF (200 mL) under N, at 0 °C was added
diborane/THF complex (54.6 mL, 54.6 mmol, 1M in THF) drop wise over a period of 20 minutes.
The mixture was stirred for 2 h at 0 °C and overnight at room temperature. Aqueous sodium
hydroxide (58.5 mL, 58.5 mmol, 1 N) was then added dropwise followed by dropwise addition of
30% aqueous hydrogen peroxide solution (58.5 mL) at 0° C. After one hour at this temperature,
the reaction mixture was diluted with water, the THF was removed under reduced pressure and
the aqueous remainder was extracted with ethyl acetate. The organic layer was separated,
washed until neutral with water, dried over sodium sulphate, filtered and the filtrate was
evaporated to dryness. The resulting crude product was purified by flash chromatography with
hexane/ethyl acetate on silica gel. The product fractions were combined, and the solvents were
evaporated to dryness to give (2S,4S)-9 (8.5 g, 52.2%).

'H NMR (300 MHz, CDCls) 5 4.95-5.03 (d, 1H), 4.15-4.22 (m, 1H), 3.58-3.68 (m, 2H), 2.33-2.40
(m, 1H), 2.05-2.12 (m, 1H), 1.73-1.94 (m, 4H), 1.60-1.70 (m, 2H), 1.32-1.58 (m, 27H).

MS (ESI): m/z=418 [M+H]"

Di-tert-butyl (2S,4S)-4-(3-fluoropropyl)-2-((tert-butoxycarbonyl)amino)pentane dioate ((2S.,4S)-
10)

o L
O)\q/mo
F /\/ HBoc

To a solution of (25,4S5)-9 (29.22 g, 70 mmol) in THF (700 mL) was added of trimethylamine
(42.5 g, 420 mmol). After addition of perfluorobutane sulfonyl fluoride (25.14 mL, 140 mmol) and

triethylamine/hydrogen fluoride (22.57 g,140 mmol), the reaction mixture was stirred for 65 h at

room temperature. The volatiles were removed under reduced pressure and the resulting crude
product was purified by flash chromatography with hexane/ethyl acetate on silica gel. The
product fractions were combined and concentrated under vacuum to give (2S,4S5)-10 (15.9 g,
54.1%).



'H NMR (300 MHz, CDCl3) & 4.85- 4.90 (d, 1H), 4.48-4.55 (m, 1H), 4.30-4.40 (m, 1H), 4.15-4.22
(m, 1H), 2.33-2.42 (m, 1H), 1.60-1.95 (m, 6H), 1.40-1.55 (m, 27H).

MS (ESI): m/z=420 [M+H]*

(4S)-4-(3-fluoropropyl)-L-glutamic acid (['°FIFSPG)
(@] (6]

(2S,4S)-10 (15.52 g, 37 mmol) was cautiously dissolved in trifluoroacetic acid (110 mL) and
stirred for 3 days at room temperature. The reaction mixture was then evaporated to dryness
and the resulting crude product was redistilled three times with diethyl ether. The residue was
dissolved in of water (200 mL) and the pH was adjusted to 2 with addition of 1 N hydrochloric
acid (20 mL). The aqueous solution was then washed successively with dichloromethane and
ethyl acetate before adjusting the pH to 7.4 with 1 N sodium hydroxide (~65 mL). The solution
was freeze-dried and the solid obtained was purified using prep. HPLC. The purified material
was concentrated at 50 to 55 °C under reduced pressure to give pure [°FIFSPG (7.5 g, 88%)

as a white solid.

"H NMR (400 MHz, D,0) & 4.65 — 4.57 (m, 1H), 4.53 — 4.45 (m, 1H), 3.76 (dd, J = 8.0, 6.3 Hz,
1H), 2.74 (dg, J = 9.2, 6.1 Hz, 1H), 2.14 (ddd, J = 14.3, 9.4, 6.3 Hz, 1H), 2.02 (ddd, J = 14.3,
8.1, 5.2 Hz, 1H), 1.86 — 1.66 (m, 4H).

3C NMR (101 MHz, D,0) & 179.43, 173.84, 85.59, 84.02, 52.99, 41.91, 32.67, 27.80, 27.74,
27.13, 26.94.

F NMR (376 MHz, D,0) & -217.49.
MS (ESI): m/z=208 [M+H]*

The data are in agreement with those previously reported for the 2S,4S isomer [1]. Importantly,

the compound is stable for > 1 year at -20 °C, as measured by 'H, "*F and "*C NMR.

Synthesis of ['*F]FRPG and ['®F]FSPG Precursors

["®F]FRPG and [**F]JFSPG precursors were obtained from Life Molecular Imaging. Procedures
for their synthesis can be found in patents published by the company and are reported in short
below.[5]
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Scheme 3. Synthesis of ['*FJFRPG and ['®FJFSPG Precursors

Di-tert-butyl (2S)-4-allyl-2-(tritylamino)pentanedioate (11)

oo
SR Sa
xS NHTR
To a solution of di-tert-butyl-(2S)-2-(tritylamino)pentanedioate (2) (1.99 g, 1.85 mmol) in THF

(50 mL) at -78°C was added LiIHMDS (47 mL, 47 mmol, 1M in THF) slowly (over a period of 20
min). The solution was stirred for 2 h at -78°C, and allyl bromide (1.44 g, 11.9 mmol) was added

drop wise at -78°C. After stirring at this temperature for 1.5 h, the reaction mixture was
quenched with a saturated aqueous solution of NH4Cl, and allowed to warm to room
temperature. The volatiles were removed under vacuum and the resulting aqueous solution was
extracted with dichloromethane. The combined organic layers were washed with water and
dried over sodium sulfate. After filtration, the solution was evaporated and the crude product
was purified by flash chromatography (silica, ethyl acetate/n-hexane) to give the di-tert-butyl
(2S)-4-allyl-2-(tritylamino)pentane dioate (11) (1.01 g, 46%) as a mixture of (25,4S)/(2S,4R)

diastereoisomers.



"H NMR (400 MHz, CDCl3) 3 7.45-7.51 (m, 6H), 7.21-7.27 (m, 6H), 7.14-7.18 (m, 3H), 5.63-
5.76 (m, 1H), 4.96-5.06 (m, 2H), 3.26-3.33 (m, 1H), 2.74 (br. d, 1H), 2.43-2.51 (m, 1H), 2.10-
2.37 (m, 3H), 1.69-1.77 (m, 1H), 1.45 (s, 9H), 1.16 (s, 9H).

MS (ESI) C,5H,3NO4: m/z 541 [M]"

Di-tert-butyl (2S)-4-(3-hydroxypropyl) 2-(tritylamino)pentane dioate ((2S,4R/S)-4)

>|\O O
e

HO/\/

Borane tetrahydrofuran complex (1M, 2.8 mL, 2.8 mmol) was added drop wise to a solution of
di-tert-butyl (2S)-4-allyl-2-(tritylamino)pentane dioate (11) (1.00 g, 1.85 mmol) in THF (10 mL) at
0 °C. The resulting mixture was stirred for 2 h at 0 °C followed by 16 h at room temperature. The
solution was then cooled to 0 °C. NaOH (1M, 3 mL) and H,O, (30% in water, 3 mL) were added
drop wise. The mixture was stirred at 0 °C for 1 h. Water (5 mL) was added and the mixture was
concentrated under reduced pressure. The aqueous residue was extracted with ethyl acetate.
The combined organic fractions were washed with brine, dried over sodium sulfate, filtrated and
concentrated. The crude product was purified by flash chromatography (silica, 15 ethyl
acetate/hexane) to give di-tert-butyl (2S)-4-(3-hydroxypropyl) 2-(tritylamino)pentanedioate
((2S,4R/S)-4) (0.46 g, 44%) as a mixture of (2S,4S)/(2S,4R) diastereoisomers.

(See above for characterization)

['®FIFRPG and ["®F]JFSPG Precursors ((2S,4R)-12 and (2S,4S)-12)

)(o I I o)< )(oJYﬁ‘/u\o)<
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To a solution of di-tert-butyl (2S)-4-(3-hydroxypropyl) 2-(tritylamino)pentanedioate ((2S,4R/S)-4)
(0.457 g, 0.816 mmol) in dichloromethane (10mL) at 0° C, were added triethylamine (0.68 mL,
4.90 mmol) and naphthalene-2-sulfonyl chloride (0.370 g, 1.63 mmol). The resulting mixture

-

was stirred at 0° C for 2 h and for 16 h at room temperature. The solution was concentrated and



the crude product was purified by flash chromatography (silica, ethyl acetate/hexane) to give the
naphthylsulfonyl precursors (0.479mg, 78%) as a mixture of (2S,4S)/(2S,4R) diastereoisomers.
The isomers were separated by chiral HPLC (Chiralpak IC 5 pm 250x30 mm, ethanol/methanol
1:1, 30 mL/min) to give the pure di-tert-butyl (2S,4R)-4-(3-((naphthalen-2-ylsulfonyl)oxy)propyl)-
2-(tritylamino)pentanedioate ((2S,4R)-12) (323 mg, 53%) and di-tert-butyl (2S,4S)-4-(3-
((naphthalen-2-ylsulfonyl)oxy)propyl)-2-(tritylamino)pentanedioate ((2S,4S)-12) (80 mg, 13%) as

white solids.

Di-tert-butyl (2S,4R)-4-(3-((naphthalen-2-ylsulfonyloxy)propyl)-2-(tritylamino)pentanedioate
((2S,4R)-12)

P

o} o

oK

"H NMR (400 MHz, CDCl5) & 8.50 — 8.46 (m, 1H), 7.98 (dd, J = 8.8, 7.9 Hz, 2H), 7.94 — 7.91 (m,
1H), 7.84 (dd, J = 8.7, 1.8 Hz, 1H), 7.66 (dddd, J = 18.7, 8.2, 7.0, 1.4 Hz, 2H), 7.49 — 7.43 (m,
6H), 7.22 (dd, J = 8.3, 6.8 Hz, 6H), 7.18 — 7.12 (m, 3H), 4.02 (t, J = 6.4 Hz, 2H), 3.22 (s, 1H),
2.71 (s, 1H), 2.34 (p, J = 6.2 Hz, 1H), 2.10 (ddd, J = 14.2, 8.3, 6.0 Hz, 1H), 1.65 — 1.55 (m, 3H),
1.50 — 1.42 (m, 2H), 1.40 (s, 9H), 1.13 (s, 9H).

3C NMR (101 MHz, CDCls) 8 174.50, 173.82, 146.14, 135.29, 132.93, 131.99, 129.69, 129.67,
129.35, 129.34, 128.85, 128.01, 127.94, 127.81, 126.42, 122.54, 80.83, 80.57, 71.42, 70.44,
55.04, 42.07, 37.98, 28.16, 28.11, 27.88, 26.68.

MS (ESI) C45H51NO7S: m/z 750 [M]*

Di-tert-butyl (2S,4S)-4-(3-((naphthalen-2-ylsulfonyloxy)propyl)-2-(tritylamino)pentanedioate
((25,45)-12)




"H NMR (400 MHz, CDCl;) & 8.48 (d, J = 1.9 Hz, 1H), 8.05 — 7.95 (m, 2H), 7.98 — 7.90 (m, 1H),
7.85 (dt, J = 8.6, 2.3 Hz, 1H), 7.73 — 7.60 (m, 2H), 7.47 — 7.39 (m, 5H), 7.36 — 7.09 (m, 11H),
4.05 (t, J = 6.3 Hz, 2H), 3.20 (s, 1H), 2.75 (s, 1H), 2.06 (ddd, J = 14.3, 9.7, 5.0 Hz, 2H), 1.73 —
1.35 (m, 3H), 1.27 (s, 9H), 1.12 (s, 9H).

3C NMR (101 MHz, CDCl3) & 174.54, 174.09, 147.01, 146.37, 135.43, 133.04, 132.12, 129.84,
129.50, 129.48, 129.00, 128.15, 128.08, 127.95, 127.41, 126.51, 122.68, 81.12, 80.63, 71.32,
70.62, 55.30, 42.48, 38.85, 29.39, 28.13, 28.10, 27.99, 26.79.

MS (ESI) C45H51NO7S: m/z 750 [M]".
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['®FIFRPG Precursor ((2S,4R)-12)
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['®FIFSPG Precursor ((2S,4S)-12)
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