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[bookmark: _Toc63343916]Materials and Methods
[bookmark: _Toc63343917]Chemistry
[bookmark: _Toc63343918]Scheme 1. Synthetic Route Used to Generate Precursor NOTA-FAPI-42 and Reference Compound 19F-FAPI-42.


Reagents and conditions. (a) Cs2CO3, DMF, 65 °C, 6 h; yield, 81%. (b) (S)-4,4-difluoro-1-glycylpyrrolidine-2-carbonitrile, HATU, DIPEA, DMF, rt., 20 h; yield, 63%. (c) tert-butyl piperazine-1-carboxylate, KI, DMF, 65 °C, 18 h; yield, 52%. (d) HCl in dioxane, CH2Cl2, rt., 1 h. (e) (i) 2-(4,7-bis(2-(tert-butoxy)-2-oxoethyl)-1,4,7-triazonan-1-yl)acetic acid, HATU, DIPEA, DMF, rt., 20 h; (ii) TFA, rt., 3 h; yield, 30%. (f) AlCl3, KF, DMSO, NaOAc, 105 °C, 1 h; yield, 41%.
[bookmark: _Toc63343919]Scheme 2. Synthetic Route Used to Generate Precursor P-FAPI and Reference Compound 19F-P-FAPI.


Reagents and conditions. (a) Cs2CO3, DMF, 65 °C, 3 h; yield, 32%. (b) (S)-4,4-difluoro-1-glycylpyrrolidine-2-carbonitrile, HATU, DIPEA, DMF, rt, 16 h; yield, 57%. (c) TFA, rt. 1 h; yield, 89%. (d) 2-(4,7-bis(2-(tert-butoxy)-2-oxoethyl)-1,4,7-triazonan-1-yl)acetic acid, HATU, DIPEA, DMF, rt., 16 h; (ii) TFA, rt., 3 h; yield, 48%. (e) AlCl3, KF, DMSO, NaOAc, 105 °C, 1 h; yield, 45%.


	
[bookmark: _Toc63343920]6-(3-chloropropoxy)quinoline-4-carboxylic acid (3)
To a solution of 6-hydroxyquinoline-4-carboxylic acid 1 (0.49 g, 2.59 mmol, 1.00 equiv) in DMF (10.00 mL) was added Cs2CO3 (2.95 g, 9.07 mmol, 3.00 equiv) and 1-bromo-3-chloropropane (2) (1.43 g, 9.07 mmol, 3.50 equiv) under nitrogen atmosphere at room temperature. The reaction mixture was heated to 65 °C and stirred for 6 h. The reaction was cooled to 0 °C and quenched with water (50.0 mL) and the aqueous layer was extracted with EtOAc (6 × 10.0 mL). The organic extracts were combined, washed with 5% lithium chloride aqueous (5.00 mL), and then dried over Na2SO4. After being concentrated in vacuo, the residue was purified by flash chromatography on silica gel to afford the desired compound as a white solid (0.56 g, 2.17 mmol, 81% yield). NMR Spectroscopy: 1H NMR (400 MHz, (CD3)2SO, 25 °C, ): 8.85 (d, J = 4.5, 1H), 8.16 (d, J = 2.8, 1H), 8.02 (d, J = 9.2, 1H), 7.90 (d, J = 4.4, 1H), 7.50 (dd, J = 9.2, 2.8, 1H), 4.22 (t, J = 6.0, 2H), 3.84 (t, J = 6.4, 2H), 2.35–2.18 (m, 2H). 



[bookmark: _Toc63343921](S)-6-(3-chloropropoxy)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)quinoline-4-carboxamide (4)
To a solution of 6-(3-chloropropoxy)quinoline-4-carboxylic acid (3) (0.50 g, 1.88 mmol, 1.00 equiv) in DMF (11.0 mL) was added HATU (0.79 g, 2.07 mmol, 1.10 equiv), DIPEA (0.73 g, 5.64 mmol, 3.00 equiv), and (S)-4,4-difluoro-1-glycylpyrrolidine-2-carbonitrile hydrochloride (0.42 g, 1.88 mmol, 1.00 equiv) at room temperature. The reaction mixture was stirred overnight at room temperature. The reaction was added 5% lithium chloride aqueous (30.0 mL) and extracted with dichloromethane (CH2Cl2, 5  15.0 mL). Combined the organic layers and dried over magnesium sulfate. The solvent was removed in vacuum, and the residue was purified by flash chromatography on silica gel to afford the title compound as white solid (0.52 g, 1.18 mmol, 63% yield). NMR Spectroscopy: 1H NMR (400 MHz, (CD3)2SO, 25 °C, ): 9.08 (t, J = 6.1, 1H), 8.81 (d, J = 4.4, 1H), 7.99 (d, J = 9.2, 1H), 7.84-7.93 (m, 1H), 7.51 (d, J = 4.4, 1H), 7.47 (dt, J = 9.2, 3.1, 1H), 5.15 (dd, J = 9.3, 3.2, 1H), 4.39–4.09 (m, 6H), 3.84 (t, J = 6.5, 2H), 2.95–2.81 (m, 2H), 2.35–2.19 (m, 2H). 



[bookmark: _Toc63343922]tert-butyl (S)-4-(3-((4-((2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)carbamoyl)quinolin-6-yl)oxy)propyl)piperazine-1-carboxylate (5)
To a solution of (S)-6-(3-chloropropoxy)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)quinoline-4-carboxamide (4) (0.40 g, 0.92 mmol, 1.00 equiv) in DMF (10.0 mL) was added tert-butyl piperazine-1-carboxylate (0.69 g, 3.68 mmol, 4.00 equiv), and KI (0.31 g, 1.84 mmol, 2.00 equiv) at room temperature. The reaction mixture was heated to 65 °C and stirred for 18 h. The solvent of the reaction mixture was removed in vacuum, and the residue was purified by flash chromatography on silica gel to afford the title compound as white solid (0.28 g, 0.48 mmol, 52% yield). NMR Spectroscopy: 1H NMR (400 MHz, (CD3)2SO, 25 °C, ): 9.10 (t, J = 6.0, 1H), 8.81 (d, J = 4.3, 1H), 8.06 – 7.93 (m, 2H), 7.46 (dd, J = 9.2, 2.7, 1H), 5.14 (dd, J = 9.2, 2.7, 1H), 4.42 – 4.07 (m, 6H), 3.31 (s, 3H), 2.90 (s, 2H), 2.74 (s, 2H), 2.70 (s, 1H), 2.39–2.30 (m, 4H), 2.05–1.92 (m, 2H), 1.40 (s, 9H).


[bookmark: _Toc63343923](S)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)-6-(3-(piperazin-1-yl)propoxy)quinoline-4-carboxamide hydrochloride (6)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]To a solution of tert-butyl (S)-4-(3-((4-((2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)carbamoyl)quinolin-6-yl)oxy)propyl)piperazine-1-carboxylate (5) (0.20 g, 0.34 mmol, 1.00 equiv) in CH2Cl2 (2.0 mL) was HCl mixture (1 mL, 4 M in dioxane) at room temperature. The reaction mixture was stirred at room temperature for 1 h. The solvent of the reaction mixture was removed in vacuum, and the crude product was directly used in next step. NMR Spectroscopy: 1H NMR (400 MHz, D2O, 25 °C, ): 1H NMR (400 MHz, D2O) δ 9.00 (dd, J = 5.4, 2.0 Hz, 1H), 8.20 (dd, J = 9.3, 2.7 Hz, 1H), 8.05 (dd, J = 5.5, 1.7 Hz, 1H), 7.89 – 7.72 (m, 2H), 5.17 (dd, J = 8.6, 4.4 Hz, 1H), 4.49 – 4.08 (m, 6H), 3.78–3.69 (d, J = 2.0 Hz, 2H), 3.57 (s, 8H), 3.06 – 2.85 (m, 2H), 2.39 (dq, J = 10.3, 5.8 Hz, 2H).



[bookmark: _Toc63343924]Precursor NOTA-FAPI-42
The crude compound (S)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)-6-(3-(piperazin-1-yl)propoxy)quinoline-4-carboxamide hydrochloride (6) (0.34 mmol, 1.00 equiv) was dissolved in DMF (2.0 mL) and was added HATU (0.14 g, 0.37 mmol, 1.10 equiv), DIPEA (0.13 g, 1.02 mmol, 3.00 equiv), and 2-(4,7-bis(2-(tert-butoxy)-2-oxoethyl)-1,4,7-triazonan-1-yl)acetic acid (0.14 g, 0.34 mmol, 1.00 equiv) at room temperature. After the reaction mixture was stirring for 20 h, the solvent was concentrated in vacuo. To the residue was added TFA (5 mL) and stirred for 3 h. The reaction mixture was poured into cool ether, large amount of solid was formed, sent to centrifuge, the solid was dissolved in acetonitrile and water in a ratio of 1:1 (v/v) and purified via reverse-phase C18 column (Sepax GP-C18 5 μm 120A 4.6 × 250 mm) to afford the title compound as yellow oil (77.0 mg, 0.10 mmol, 30% yield). MS (ESI-TOF) (m/z): calcd for C36H48F2N9O8 ([M + H]+), 772.4, found, 772.5.


[bookmark: _Toc63343925]Reference Compound 19F-FAPI-42
To a solution of NOTA-FAPI-42 (500 μg, 0.68 μmol) in 300 μL of 0.5 M sodium acetate buffer (pH 4.0) was added AlCl3 [34 μL, 0.68 μmol, 20.0 mM, in sodium acetate buffer (0.2 M, pH 4.0)], dimethyl sulfoxide (300 μL), and potassium fluoride aqueous (34 μL, 0.68 μmol, 20.0 mM). The reaction mixture was heated at 100 °C for 60 min. After cooling to room temperature, the reaction mixture was purified using reverse-phase C18 column (Sepax GP-C18 5 μm 120A 4.6 × 250 mm) to afford the title compound as yellow oil. HRMS (ESI-TOF) (m/z): calcd for C36H46AlF3N9O8 ([M + H]+), 816.3232, found, 816.3224.


[bookmark: _Toc63343926]6-(2-(2-((tert-butoxycarbonyl)amino)ethoxy)ethoxy)quinoline-4-carboxylic acid (8)
120 mg (0.32 mmol, 32% yield) were obtained following the previous method. MS (ESI-TOF) (m/z): calcd for C19H25N2O6 ([M + H]+), 377.2, found, 377.3.


[bookmark: _Toc63343927]tert-butyl (S)-(2-(2-((4-((2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)carbamoyl)quinolin-6-yl)oxy)ethoxy)ethyl)carbamate (9)
100 mg (0.18 mmol, 57% yield) were obtained following the previous method. MS (ESI-TOF) (m/z): calcd for C26H32F2N5O6 ([M + H]+), 548.2, found, 548.2.


[bookmark: _Toc63343928](S)-6-(2-(2-aminoethoxy)ethoxy)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)quinoline-4-carboxamide (10)
tert-butyl (S)-(2-(2-((4-((2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)carbamoyl)quinolin-6-yl)oxy)ethoxy)ethyl)carbamate (9) (0.15 g, 0.27 mmol, 1.00 equiv) was added into TFA (5.0 mL) and stirred at room temperature for 18 h. The solvent of the reaction mixture was removed in vacuum, and the residue was purified by flash chromatography on silica gel to afford the title compound as white solid (109 mg, 0.24 mmol, 89% yield). MS (ESI-TOF) (m/z): calcd for C21H24F2N5O4 ([M + H]+), 447.2, found, 448.2.



[bookmark: _Toc63343929]P-FAPI
To a solution of (S)-6-(2-(2-aminoethoxy)ethoxy)-N-(2-(2-cyano-4,4-difluoropyrrolidin-1-yl)-2-oxoethyl)quinoline-4-carboxamide (10) (100.00 mg, 0.18 mmol, 1.00 equiv) was dissolved in DMF (2.0 mL) and was added HATU (68.00 mg, 0.18 mmol, 1.00 equiv), DIPEA (46.50 mg, 0.36 mmol, 2.00 equiv), and 2-(4,7-bis(2-(tert-butoxy)-2-oxoethyl)-1,4,7-triazonan-1-yl)acetic acid (75.00 mg, 0.18 mmol, 1.00 equiv) at room temperature. After the reaction mixture was stirring for 20 h, the solvent was concentrated in vacuo. To the residue was added TFA (5 mL) and stirred for 3 h. The reaction mixture was poured into cool ether, large amount of solid was formed, sent to centrifuge, the solid was dissolved in acetonitrile and water in a ratio of 1:1 (v/v) and purified via reverse-phase C18 column (Sepax GP-C18 5 μm 120A 4.6 × 250 mm) to afford the title compound as yellow oil (63.0 mg, 86.1 μmol, 48% yield). MS (ESI-TOF) (m/z): calcd for C33H43F2N8O9 ([M + H]+), 733.3, found, 733.4.


[bookmark: _Toc63343930]19F-P-FAPI were obtained following the previous method. HRMS (ESI-TOF) (m/z): calcd for C33H41AlF3N8O9 ([M + H]+), 777.2759, found, 777.2746.
[bookmark: _Toc63343931]Quality Control
High pressure liquid chromatography (HPLC) method used for the identification, radiochemical purity and chemicals in the drug product
[bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK156][bookmark: OLE_LINK157]Analytical HPLC was performed using a LC-20AD HPLC system (Shimadzu, Japan) coupled in series to a DAD-UV detector (254 nm) (Shimadzu, Japan) and a B-FC-3200 high energy PMT detector (Bioscan. Inc, Washington DC, USA) was used. The system was equipped with a ZORBAX Eclipse XDB-C18 analytic column (4.6 × 150 mm, 5 μm; Agilent Technologies, USA) using the flow rate of 1 mL/min. The gradient program started from 90% solvent A (0.1% TFA in water): 10% solvent B (0.1% TFA in MeCN) ramped to 20% solvent A: 80% solvent B at 10 min, and ramped to 20% solvent A: 80% solvent B at 15 min. 
[bookmark: _Toc63343932]pH
pH values were measured with a pH strip (Q/GHSC pH 0–14, SSS Reagent Co., LTD, China).
[bookmark: _Toc63343933]Determination of residual solvents by gas chromatography (GC)
Residual solvents were determined by gas chromatography analyses on an Agilent 8890 (Agilent Technologies, USA) gas chromatograph. The procedures of GC were according to Chinses Pharmacopoeia. 
[bookmark: _Toc63343934]Integrity of the sterile filter membrane
The integrity of the sterile filter membrane was determined using the bubble point test.
[bookmark: _Toc63343935][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Sterility 
The drug product was tested for microbiological contamination by direct inoculation in fluid thioglycolate medium and soya-casein digest medium incubation according to Chinses Pharmacopoeia. 
[bookmark: _Toc63343936]Bacterial endotoxins
Endotoxins were quantified in the drug product solution using a portable LAL test system according to Chinses Pharmacopoeia. 
[bookmark: _Toc63343937]In Vitro Serum Stability and in Vivo Stability
The in vitro and in vivo stability were performed according to previously reported procedures (1). In brief, an aliquot of 18F-labeled FAP tracer (3.7 MBq, 10 μL) was added to PBS (200 μL) or the mouse serum (200 μL) and incubated at 37 °C for 2 h. For the PBS study, an aliquot of the solution was directly injected into a radio-HPLC for analysis. Plasma proteins were precipitated using 0.2 mL of acetonitrile and centrifuged (10000 rpm, 5 min). The supernatant was injected into a radio-HPLC column for analysis. Kunming mice were injected intravenously with 18F-labeled FAP tracer (11.1–18.5 MBq/per mouse, n = 3). The mice were sacrificed 60 min after injection and blood samples (0.4 mL) were collected. An equal volume of acetonitrile was added to the blood samples, which were then centrifuged at 10000 rpm for 5 min. The supernatant was filtered through a 0.45-mm syringe filter and 100 μL of the sample was used for HPLC analysis. The eluted sample was manually collected as 0.5-min fractions over a span of 15 min. The samples were counted using a γ-counter for 20 s; the counts of the sample were plotted as intensity (cpm) versus fractions.
Cell Studies
[bookmark: _Toc63343939]mRNA isolation and qRT-PCR
Total RNA of A549 and A549-FAP was isolated by using a RNeasy mini kit (Magen, China) and cDNA was transcribed using a HiScript 1st Strand cDNA Synthesis Kit (Vazyme, China) according to the user’s manual. The relative Real-time quantitative polymerase chain reaction (qRT-PCR) analysis was performed using 1 μl of cDNA diluent template, 10 nM of left and right primers (FAP left primer:5’- CAAAGGCTGGAGCTAAGAATCC-3’, and right primer: 5’-ACTGCAAACATACTCGTTCATCA-3’, GAPDH left primer:5’- GGAGCGAGATCCCTCCAAAAT-3’, and right primer:5’- GGCTGTTGTCATACTTCTCATGG-3’), and AceQ Universal SYBR qPCR Master Mix (Vazyme, China) on LC96 system (Roche, Switzerland). The expression of GAPDH was used to normalize the quantification for the relative expression of FAP. The relative expression was calculated by the 2-ΔΔC formula.
[bookmark: _Toc63343940]Western blot
The cells were collected and lysed in lysis buffer (Boster, China) with 1% PMSF on ice for 0.5 h (shaking the tube every 5 min). After centrifuged for 30 minutes at 4 ℃, 12000 rpm, supernatants were collected to a new tube. The protein concentration was measured by BCA protein assay kit (YEASEN, China). Proteins were separated in Bio-Rad SDS-PAGE system (Bio-Rad, USA), and transferred to PVDF membrane. After blocking with 5% BSA for 1h, the membranes were incubated with primary antibodies (anti-FAP:66562, CST, anti-β-actin:30101ES10, YEASEN) over night at 4 ℃. Corresponding horseradish peroxidase (HRP)-conjugated second antibodies were used against the primary antibody, and proteins were detected using the chemiluminescent detection reagents and films.
[bookmark: _Toc63343941]Immunofluorescence
The cells cultured in 24 wells culture dish (NEST, USA) were fixed in 4% ice-cold paraformaldehyde for 15 min and permeabilized for 15 min with 0.1% TritonX-100 at room temperature. After blocking the nonspecific proteins for 1h at 37 ℃ with 5% BSA (Sigma, USA), the cells were incubated with primary antibody at 4 ℃ overnight. The Goat anti-Rabbit IgG H&L (FITC, 1:400) was added to cover the cells for 0.5h at room temperature, and then the cells were counterstained with DAPI (YEASEN, China) for 15 min at room temperature. The stained cells were imaged using laser scanning confocal microscope for further study.
[image: ]
Supplemental FIGURE 1. The relative expression of FAP in A549 and A549-FAP cell lines according to qRT-PCR (A), WB (B) and Immunofluorescence (C). * P < 0.05; ** P < 0.01; *** P < 0.001.
[bookmark: _Toc63343942]Cell uptake, efflux, internalization, and tumor transplantation
The method of cell studies was similar to a method reported previously (2,3). For radioligand uptake studies, A549, A549-FAP, 293T, and 293T-FAP cells were seeded in 12-well plates and cultivated for 48 h to a final confluence of approximately 80–90% (3–8 ×105 cells/well). The medium was replaced using 1 mL of fresh medium without fetal bovine serum. The radiolabeled compound was added to the cell culture and incubated at time intervals ranging from 5–120 min at 37 °C. Subsequently, blocking studies were conducted in A549-FAP cells. The cells were incubated for 1 h at 37 °C with tracer (1.85 kBq), with or without pretreatment with DOTA-FAPI-04 as competitor (2.3 μM/mL). For internalization experiments, A549-FAP cells were incubated with the radiolabeled compound for 60 min at 37 °C. Cellular uptake was terminated by removing the medium from the cells and washing twice with 1 mL of PBS. Subsequently, cells were incubated with 1 mL of glycine HCl (1 M, pH 2.2) for 10 min at 37 °C to remove the surface-bound activity. Next, the cells were washed with 2 mL of ice‐cold PBS and lysed with 1.4 mL of lysis buffer to determine the internalized fraction. For efflux experiments, the radioactive medium was removed after incubation for 60 min and replaced with non-radioactive medium over time intervals ranging from 0–120 min. In all experiments, the cells were washed twice with 1 mL of PBS (pH 7.4) and subsequently lysed with 1.4 mL of lysis buffer (1 M NaOH, 0.2% SDS). Radioactivity was determined using a γ-counter and the results are expressed as %ID/1 mio cells. Each experiment was performed three times with three replicates for each independent experiment. 
All animal studies were approved by the Nanfang Hospital Animal Ethics Committee at the Southern Medical University. Male BALB/c nude mice were implanted subcutaneously with A549-FAP cells (25 × 106) behind right shoulder and allowed to grow for 2 to 4 weeks. At the time of the experiments, the tumor reached 4−8 mm (diameter), the mice were 6–8 weeks old, and weighed 16 – 24 g. 
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[bookmark: _Toc459836503][bookmark: _Toc63343944]Spectroscopic Data
The High-resolution mass spectrometry for the reference compound 19F-P-FAPI. 
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The High-resolution mass spectrometry for the reference compound 19F-FAPI-42.
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The mass spectrometry for the intermediate compounds 8, 9, 10, and P-FAPI.
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Compound 8
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Compound 9
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Compound 10
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1H NMR ((CD3)2SO, 25 °C) of 3
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1H NMR ((CD3)2SO, 25 °C) of 4
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1H NMR ((CD3)2SO, 25 °C) of 5
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AIF-NOTA-P-PSMA-1000(+) #25-27 RT:0.13-0.14 AV:3 NL:8.93E6

T:FTMS + p ESI cv=0.00  Full ms [200.0000-2000.0000]
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AIF-NOTA-P-PSMA-1000(+) #25-27 RT:0.13-0.14 AV:3 NL:8.93E6

T:FTMS + p ESI cv=0.00  Full ms [200.0000-2000.0000]
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AIF-NOTA-FAPI04-1000(+) #30-33 RT:0.16-0.18 AV:4 NL:4.12E6

T:FTMS + p ESI cv=0.00  Full ms [200.0000-2000.0000]
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AIF-NOTA-FAPI04-1000(+) #30-33 RT:0.16-0.18 AV:4 NL:2.44E6

T:FTMS + p ESI cv=0.00  Full ms [200.0000-2000.0000]
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