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Supplement: Synthesis of Sulfoquinovosylacylpropanediol (SQAP, 1) and its radioactive 

analogs 

 

 Numerous biological activities of sulfoquinovosylmonoacylglycerol (SQMG, 2) and its 

fatty acid derivatives, including antitumor effects, have been reported (1,2). Among them, the 

radiosensitizing enhancement reported by Sakimoto et al. under radiation is an extremely 

characteristic property, and these compounds are expected to be new and efficient radiation 

sensitizers for cancer therapy (3). 

 It is well known that an ester group on glycerol often can be rearranged to the 

neighboring alcohol group. Thus, the active structure of SQMG is ambiguous because there are 

primary (C3) and secondary (C2) alcohols on a glycerol moiety in SQMG. Because of this, we 

designed sulfoquinovosylpropanediol (1), which is a propanediol instead of a glycerol derivative of 

SQMG (2) (4). The synthesis of GLP grade SQAP (1) has been performed by using the method for 

the synthesis of SQMG (2) reported by Hanashima et al. (2,5,6). Another synthetic route has been 

developed to prepare the radioactive SQAP by using a radioactive 1,3-propanediol. 
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Figure S1 

Structures of SQAP (1: R=OH) and SQMG (2: R=H). 
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Figure S2 

A: ESI (-) mass chromatogram of reference standard; SQAP (Lot: CG-0321). A parent peak at m/z 

567.3 indicates the [M-H]- ion of SQAP.  

B: ESI (-) MS2 spectra of the reference standard; SQAP (Lot: CG-0321). A product ion scan 

targeted on m/z 567 shows a peak. 
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 General Materials: 

 Analytical thin layer chromatography was performed by using TLC-aluminum sheets 

with 0.2-mm layers of silica gel (Merck GF234), UV light as the visualizing agent, and an acidic 

solution of vanillin in ethanol as the developing agent. Chromatographic purifications were 

performed using flash-grade silica gel (Wakogel, 40–63 μm). Organic solutions were concentrated 

under reduced pressure on a Büchi rotary evaporator. All reagents used were purchased from Wako 

Pure Chemical Industries and/or Sigma-Aldrich Co. LLC and used with no further purification. 

NMR spectra were recorded at 25°C on a Bruker Avance 400 Ultrashield instrument. The signals 

are given as δ (ppm) downfield from tetramethylsilane. Mass spectra were recorded on a Bruker 

Daltonics Esquire 6000 Plus (ESI) or Thermo Fisher Scientific LTQ XL (ESI and APCI) mass 

spectrometer. 

 The radiochemical purities were determined on a high-performance liquid 

chromatograph equipped with a radioisotope detector (radio-HPLC) and a Shiseido CAPCELL 

PAK C18, 3 μm, 3.0 mm I.D. × 50 mm L separation column with a mixture of acetonitrile and 10 

mM of ammonium acetate. 

 The GLP-grade SQAP used in the biological tests was purchased from NARD 

INSTITUTE, LTD (Amagasaki, Japan). 
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Synthesis I: Synthesis of SQAP for GLP grade. 

 The calcium salt of SQAP for GLP grade was synthesized as shown in Scheme 1. 

D-Glucopyranose was treated with allyl alcohol at 80 °C for 48 h in the presence of 

trifluoromethanesulfonic acid and then treated with benzaldehyde dimethyl acetal in the presence 

of p-toluenesulfonic acid monohydrate in acetonitrile at 40 °C for 4 h to give 

α-D-1-O-allyl-4,6-O-benzyliden glucopyranose (4). Alcohol moieties of 4 were protected with 

benzyl ether by the reaction with benzyl bromide and sodium hydroxide in 

N,N-dimethylformamide at room temperature for 24 h to give 5. After deprotecting with lithium 

aluminum hydride and aluminum chloride in a mixture of dichloromethane and diethyl ether under 

reflux for 4 h, tribenzyl ether 6 was afforded. Compound 6 was treated with p-toluenesulfonyl 

chloride and 4-dimethylaminopyridine in pyridine at room temperature to give the tosylate 7, 

which was treated with 9-borabicyclononane (9-BBN) in tetrahydrofuran for 10 h at room 

temperature and then with hydrogen peroxide in aqueous sodium hydroxide for 12 h at room 

temperature to give the alcohol 8. A substitution reaction from the tosylate to the thioacetate in 8 

was performed by using potassium thioacetic acid in N,N-dimethylformamide at 90 °C for 3 h to 

give 9, which was then treated with fatty acid anhydride in a mixture of pyridine and 

dichloromethane for 2 h at room temperature to afford 10. The thioacetyl group was converted to 

sulfonic acid 11 with a mixture of oxon, acetic acid, and potassium acetate for 48 h at room 

temperature. Deprotection of the benzyl group by using palladium charcoal under a hydrogen 

atmosphere in a mixture of ethanol and dichloromethane at room temperature for 48 h afforded the 

SQAP sodium salt (12), which was converted to the calcium salt (13) by performing ion exchange 

on a reversed-phase silica gel column in water containing 1% calcium chloride. 
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Scheme 1 Synthetic route of GLP-grade SQAP. 

 

1-O-Allyl-4,6-O-benzyliden-α-D-glucopyranoside (4): To a solution of 100 g of D-glucose (3, 

0.55 mol) in 500 mL of allyl alcohol, 1 mL of trifluoromethanesulfonic acid was added at 0 °C. It 

was then rigorously stirred at 80 °C for 48 h. After adding 3 mL of trimethylamine, the reaction 

mixture was then evaporated in vacuo. The residue was dissolved in anhydrous 500 mL of 

acetonitrile; 127 g of benzaldehyde dimethyl acetal (1.5 eq) and 5.3 g of p-toluenesulfonic acid 

(0.05 eq) were added to the mixture successively. After stirring the mixture at 40 °C for 4 h, 10 mL 

of trimethylamine was added, and the reaction mixture was then evaporated in vacuo. The residue 

was poured into the mixture of 2,000 mL of n-hexane and 500 mL of water, and the solution was 

then vigorously stirred. The precipitate was collected though filtration and rinsed with water and 
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n-hexane, successively. The precipitate was crystallized from hot ethanol to yield 34.5 g of 

crystalline compound 4 (112 mmol, 20.2%). 

 [α]23
D +97.5° (c1.00 CH3OH), LRMS m/z 331 (M+Na)+, mp 139–141 °C. 1H NMR 

(400 MHz, CD3OD); δ7.51–7.47 (m, 2H, ArH), 7.37–7.32 (m, 3H, ArH), 5.99 (dddd, 1H, J=17.2, 

10.5, 6.08, 5.32 Hz, H2), 5.56 (s, 1H, PhCH), 5.36 (dq, 1H, J=17.3, 1.68 Hz, H3a), 5.20 (ddt, 1H, 

J=10.4, 1.80, 1.28 Hz, H3b), 4.88 (d, 1H, J=3.86 Hz, H1'), 4.25–4.18 (m, 2H, H1a, H6'a), 4.07 (ddt, 

1H, J=13.0, 6.10, 1.36 Hz, H1b), 3.85 (t, 1H, J=9.38 Hz, H3'), 3.81–3.71 (m, 2H, H5', H6'b), 3.52 

(dd, 1H, J=9.38, 3.86 Hz, H2'), 3.45 (t, 1H, J=9.24 Hz, H4'). 13C NMR (100 MHz, CD3OD); 

δ139.1 (Ar-ipso), 135.4 (C2), 129.9 (Ar), 129.0 (Ar), 127.5 (Ar), 117.8 (C3), 103.0 (PhCH), 100.0 

(C1’), 82.9 (C4’), 74.0 (C2’), 72.0 (C3’), 69.9 (C6’), 69.7 (C1), 64.1 (C5). 

 

1-O-Allyl-2,3-di-O-benzyl-4,6-O-benzylidene-α-D-glucopyranoside (5): To a solution of 30.0 g 

(97.3 mmol) of 2 in 300 mL of anhydrous N,N-dimethylformamide (DMF), 41.6 g (2.5 eq) of 

benzyl bromide and 11.7 g (3.0 eq) of sodium hydroxide was added and then vigorously stirred for 

24 h at room temperature. The reaction mixture was poured into 900 mL of ice-cold water, washed 

with 100 mL of brine twice, and extracted with 300 mL of ethyl acetate three times. The combined 

organic layer was dried over sodium sulfate, filtered, and evaporated in vacuo, successively. The 

residue was crystallized from hot ethanol twice to give 40.1 g of compound 5 (82.1 mmol, 84.4%). 

 [α]26
D +97.5° (c1.03, CHCl3), LRMS m/z 511 (M+Na)+, mp 86–87 °C. 1H NMR (400 

MHz, CDCl3); δ7.50–7.47 (m, 2H, ArH), 7.40–7.24 (m, 13H, ArH), 5.94 (dddd, 1H, J=17.0, 10.4, 

6.70, 5.24 Hz, H2), 5.56 (s, 1H, PhCH), 5.33 (dq, 1H, J=17.2, 1.56 Hz, H3a), 5.24 (ddt, 1H, J=10.3, 

1.56, 1.12 Hz, H3b), 4.92 (d, 1H, J=11.2 Hz, ArCH2), 4.84 (d, 1H, J=11.2 Hz, ArCH2), 4.83 (d, 1H, 

J=12.1 Hz, ArCH2), 4.80 (d, 1H, J=3.76 Hz, H1'), 4.68 (d, 1H, J=12.1 Hz, ArCH2), 4.26 (dd, 1H, 

J=10.2, 4.84 Hz, H6'a), 4.18 (ddt, 1H, J=12.9, 5.18, 1.40 Hz, H1a), 4.79 (t, 1H, J=9.30 Hz, H3'), 

4.03 (ddt, 1H, J=12.9, 6.68, 1.20 Hz, H1b), 3.89 (dt, 1H, J=9.96, 4.80 Hz, H5'), 3.70 (t, 1H, J=10.3 

Hz, H6'b), 3.61 (t, 1H, J=9.44 Hz, H4'), 3.57 (dd, 1H, J=8.72, 3.80 Hz, H2'), 13C NMR (100 MHz, 
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CDCl3); δ138.7 (Ar-ipso), 138.1 (Ar-ipso), 137.3 (Ar-ipso), 133.5 (C2), 128.9–127.5 (m, Ar), 126.0 

(Ar), 118.4 (C3), 101.2 (PhCH), 96.7 (C1’), 82.1 (C3’), 79.1 (C2’), 78.6 (C4’), 75.3 (ArCH2), 73.6 

(ArCH2), 69.0 (C6), 68.4 (C1), 62.5 (C5). 

 

1-O-allyl-2,3,4-tri-O-benzyl-α-D-glucopyranoside (6): Twenty grams of compound 5 (40.9 

mmol) was added to a mixture of 2.0 g (1.3 eq) of lithium aluminum hydrate in a mixture of 100 

mL of anhydrous diethyl ether and 100 mL of anhydrous dichloromethane. A solution of 7.1 g of 

aluminum chloride in 200 mL of anhydrous diethyl ether was added to the mixture, which was then 

stirred under reflux for 4 h. After adding 10 mL of water drop-wise, the reaction mixture was left to 

stand overnight at room temperature. After filtering the precipitate and washing it with ether, the 

combined organic layer was washed with 200 mL of brine twice. After drying over anhydrous 

sodium sulfate and filtering, the filtrate was evaporated in vacuo to yield 18.1 g of compound 6 

(36.9 mmol, 90.2%). 

 [α]22
D +45.0° (c1.21 CHCl3), LRMS m/z 513 (M+Na)+. 1H NMR (400 MHz, CDCl3); 

δ7.37–7.26 (m, 15H, ArH), 5.92 (dddd, 1H, J=17.1, 10.4, 6.66, 5.24 Hz, H2), 5.31 (dq, 1H, J=17.2, 

1.52 Hz, H3a), 5.22 (ddt, 1H, J=10.3, 1.46, 1.10 Hz, H3b), 5.00 (d, 1H, J=10.9 Hz, ArCH2), 4.89 (d, 

1H, J=11.0 Hz, ArCH2), 4.84 (d, 1H, J=10.9 Hz, ArCH2), 4.77 (d, 1H, J=12.0 Hz, ArCH2), 4.77 (d, 

1H, J=3.60 Hz, H1'), 4.65 (d, 1H, J=12.1 Hz, ArCH2), 4.64 (d, 1H, J=11.0 Hz, ArCH2), 4.14 (ddt, 

1H, J=12.9, 5.22, 1.34 Hz, H1a), 4.04 (t, 1H, J=9.36 Hz, H3'), 3.99 (ddt, 1H, J=12.9, 6.64, 1.08 Hz, 

H1b), 3.79–3.66 (m, 3H, H5', H6'a, H6'b), 3.54 (t, 1H, J=9.28 Hz, H4'), 3.51 (dd, 1H, J=9.60, 3.64 

Hz, H2'), 1.69 (t, 1H, J=12.0 Hz, 6'-OH). 13C NMR (100 MHz, CDCl3); δ138.7 (Ar-ipso), 138.1 (Ar-ipso), 

138.1 (Ar-ipso),133.6 (C2), 128.4–127.6 (m, Ar), 118.3 (C3), 95.6 (C1’), 81.9 (C3’), 79.9 (C2’), 77.3 (C4’), 75.7 

(ArCH2), 75.0 (ArCH2), 73.2 (ArCH2), 70.8 (C5’), 68.2 (C1), 61.7 (C6’). 

 

1-O-Allyl-2,3,4-tri-O-benzyl-6-O-tosyl-α-D-glucopyranoside (7): To a solution of 25.1 g (51.2 

mmol) of compound 5 in 250 mL of anhydrous pyridine, a mixture of 14.6 g (1.5 eq) of 
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p-toluenesulfonyl chloride and 0.63 g (0.1 eq) of 4-dimethylaminopyridine was added, and the 

mixture was stirred at room temperature for 16 h. After adding 10 mL of water to quench the 

reaction, the reaction mixture was evaporated in vacuo. The residue was dissolved in 10 mL of 

ethyl acetate, which was poured into 200 mL of aqueous 0.5 M HCl solution and then extracted 

with 200 mL of ethyl acetate twice. The combined organic layer was washed with 100 mL of brine 

twice, followed by filtration and evaporation in vacuo. The residue was crystallized from hot 

ethanol repeatedly to afford 25.0 g of compound 6. The non-crystalline residue was further purified 

by silica gel flash column chromatography (7) in n-hexane-ethyl acetate to give 4.0 g of crystalline 

6. Overall, 29 g of compound 6 (45.0 mmol, 87.9%) was obtained. 

 [α]25
D +32.1° (c1.02 CHCl3), LRMS m/z667 (M+Na)+. mp 86–87 °C. 1H NMR (400 

MHz, CDCl3); δ 7.76 (ddd, 2H, J=8.32, 1.96, 1.76 Hz, ArH), 7.35–7.26 (m, 15H, ArH), 7.17–7.12 

(m, 2H, ArH), 5.88 (dddd, 1H, J=17.2, 10.3, 6.62, 5.24 Hz, H2), 5.28 (dq, 1H, J=17.2, 1.56 Hz, 

H3a), 5.20 (ddt, 1H, J=10.3, 1.60, 1.12 Hz, H3b), 4.99 (d, 1H, J=10.9 Hz, ArCH2), 4.82 (d, 1H, 

J=10.6 Hz, ArCH2), 4.78 (d, 1H, J=10.8 Hz, ArCH2), 4.74 (d, 1H, J=12.1 Hz, ArCH2), 4.72 (d, 1H, 

J=3.58 Hz, H1'), 4.62 (d, 1H, J=12.1 Hz, ArCH2), 4.42 (d, 1H, J=10.6 Hz, ArCH2), 4.22 (dd, 1H, 

J=10.5, 4.20 Hz, H6'a), 4.16 (dd, 1H, J=10.5, 2.12 Hz, H6'b), 4.07 (ddt, 1H, J=12.9, 5.24, 1.40 Hz, 

H1a), 3.98 (t, 1H, J=9.24 Hz, H3'), 3.93 (ddt, 1H, J=12.9, 6.64, 1.16 Hz, H1b), 3.81 (ddd, 1H, 

J=10.1, 4.12, 2.04 Hz, H5'), 3.48 (dd, 1H, J=9.62, 3.58 Hz, H2’), 3.45 (dd, 1H, J=10.0, 8.90 Hz, 

H4’), 2.39 (s, 3H, Ts-CH3). 
13C NMR (100 MHz, CDCl3); δ 144.8 (Ar-ipso), 138.5 (Ar-ipso), 

137.9 (Ar-ipso), 137.7 (Ar-ipso), 133.4 (C2), 132.8 (Ar-ipso), 129.8 (Ar), 128.4–127.6 (m, Ar), 

118.4 (C3), 95.4 (C1’), 81.8 (C3’), 79.6 (C2’), 76.9 (C4’), 75.7 (ArCH2), 75.0 (ArCH2), 73.2 

(ArCH2), 68.6 (C5’), 68.5 (C6’), 68.3 (C1), 21.6 (Ts-CH3). 

 

1-O-(2′,3′,4′-Tri-O-benzyl-6′-O-tosyl-α-D-glucopyranosyl)-propan-1,3-diol (8): To a solution of 

29.0 g (45.0 mmol) of compound 7 in 150 mL of anhydrous tetrahydrofuran, a 0.5-M solution of 

9-borabicyclo[3,3,1]nonan (9-BBN, 90.0 mmol) in 180 mL of tetrahydrofuran was added at 0 °C 
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under an argon atmosphere and stirred for 1 h. The temperature of reaction mixture was then 

increased to room temperature and stirred for 10 h. After cooling the mixture to 0 °C, 20 mL of 

water, 70 mL of 3 M aqueous sodium hydroxide, and 70 mL of 35% aqueous hydrogen peroxide 

were added, successively. After the reaction mixture was extracted with 100 mL of ethyl acetate 

three times, the combined organic layer was washed with 100 mL of brine twice and dried over 

anhydrous sodium sulfate. The organic layer was filtered and evaporated in vacuo. The residue was 

purified by silica gel flash column chromatography in a mixture of n-hexane and ethyl acetate to 

give 28.2 g of compound 8 (42.5 mmol, 94.4%). 

 [α]24
D +26.6° (c1.02 CHCl3), LRMS m/z 685 (M+Na)+. 1H NMR (400 MHz, CDCl3); 

δ 7.76–7.74 (m, 2H, ArH), 7.35–7.26 (m, 15H, ArH), 7.16–7.12 (m, 2H, ArH), 4.94 (d, 1H, J=10.9 

Hz, ArCH2), 4.82 (d, 1H, J=10.7 Hz, ArCH2), 4.77 (d, 1H, J=10.9 Hz, ArCH2), 4.75 (d, 1H, J=12.0 

Hz, ArCH2), 4.61 (d, 1H, J=12.0 Hz, ArCH2), 4.61 (d, 1H, J=3.64 Hz, H1'), 4.43 (d, 1H, J=10.7 Hz, 

ArCH2), 4.20–4.13 (m, 2H, H6'a, H6'b), 3.92 (t, 1H, J=9.24 Hz, H3'), 3.84–3.74 (m, 4H, H1a& 

H3a, H3b, H5'), 3.48–3.40 (m, 3H, H1b, H2', H4'), 2.52 (t, 1H, J=4.74 Hz, 3-OH), 2.39 (s, 3H, 

Ts-CH3), 1.88–1.75 (m, 2H, H2a, H2b). 13C NMR (100 MHz, CDCl3); δ 144.8 (Ar-ipso), 138.4 

(Ar-ipso), 137.9 (Ar-ipso),137.6 (Ar-ipso), 132.7 (Ar-ipso), 129.8 (Ar), 128.5–127.6 (m, Ar), 97.1 

(C1’), 81.8 (C3’), 79.5 (C2’), 76.8 (C4’), 75.6 (ArCH2), 75.0 (ArCH2), 73.4 (ArCH2), 68.7 (C5’), 

68.6 (C6’), 67.5 (C1), 61.5 (C3), 31.5 (C2), 21.6 (Ts-CH3). 

 

1-O-(2′,3′,4′-Tri-O-benzyl-6′-thioacetyl-α-D-quinovosyl)-propane–1,3-diol (9): To a solution of 

28.2 g of compound 8 (42.5 mmol) in 300 mL of anhydrous N,N-dimethylformamide (DMF), 7.3 

g of potassium thioacetate (1.5 eq) was added and then stirred at 90 °C for 3 h. After adding 900 

mL of cold water, the solution was extracted with 300 mL of ethyl acetate three times. The 

combined organic layer was washed with 200 mL of brine twice, dried over anhydrous sodium 

sulfate, and then filtered. The filtrate was evaporated in vacuo, and the residue was purified by silica 

gel flash column chromatography in a mixture of n-hexane and ethyl acetate to give 21.9 g of 
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compound 9 (38.6 mmol, 90.8%). 

 [α]23
D +33.0° (c1.02 CHCl3), LRMS m/z 584(M+Na)+. 1H NMR (400 MHz, CDCl3); δ 

7.37–7.24 (m, 15H, ArH), 4.95 (d, 1H, J=10.8 Hz, ArCH2), 4.89 (d, 1H, J=10.6 Hz, ArCH2), 4.80 

(d, 1H, J=10.8 Hz, ArCH2), 4.77 (d, 1H, J=12.1 Hz, ArCH2), 4.63 (d, 1H, J=12.0 Hz, ArCH2), 4.63 

(d, 1H, J=3.52 Hz, H1'), 4.61 (d, 1H, J=10.7 Hz, ArCH2), 3.94 (t, 1H, J=9.2 Hz, H3'), 3.88 (ddd, 

1H, J=9.86, 6.10, 4.88 Hz, H1a), 3.83–3.73 (m, 3H, H3a, H3b, H5'), 3.50 (dd, 1H, J=9.60, 3.64 Hz, 

H2'), 3.45 (ddd, 1H, J=9.92, 5.24, 2.28 Hz, H1b), 3.41 (dd, 1H, J=13.6, 3.00 Hz, H6'a), 3.30 (dd, 

1H, J=9.54, 9.06 Hz, H4'), 3.02 (dd, 1H, J=13.7, 7.64 Hz, H6’b), 2.67 (br, 1H, 3-OH), 2.32 (s, 3H, 

SAc-CH3), 1.92–1.78 (m, 2H, H2a, H2b). 13C NMR (100 MHz, CDCl3); δ195.0 (SAc-C=O), 

138.5 (Ar-ipso), 137.9 (Ar-ipso),137.8 (Ar-ipso), 128.5–127.6 (m, Ar), 96.9 (C1’), 81.8 (C3’), 80.4 

(C4’), 79.8 (C2’), 75.7 (ArCH2), 75.2 (ArCH2), 73.4 (ArCH2), 69.5 (C5’), 67.2 (C1), 61.5 (C3), 

31.5 (C2), 30.8 (C6’), 30.5 (SAc-CH3). 

 

3-O-(2′,3′,4′-Tri-O-benzyl-6′-thioacetyl-α-D-quinovopyranosyl)-1-O-stearoyl-1,3- 

propanediol (10): To a solution of 21.9 g (38.6 mmol) of compound 9 in 200 mL of anhydrous 

dichloromethane, 15.2 g (1.3 eq) of stearoyl chloride in 5 mL of anhydrous pyridine was added, 

and the reaction mixture was then stirred at room temperature for 2 h. After adding 5 mL of 

methanol, the reaction mixture was evaporated in vacuo. The residue was dissolved in a small 

quantity of ethyl acetate, poured into 200 mL of water, and then extracted with 100 mL of ethyl 

acetate three times. The combined organic layer was washed with 100 mL of brine twice, dried 

over anhydrous sodium sulfate, and filtered. The filtrate was evaporated in vacuo to afford 31.3 g of 

compound 10 (37.6 mmol, 97.4%). 

 [α]23
D +29.5° (c1.01 CHCl3), LRMS m/z 855 (M+Na)+. 1H NMR (400 MHz, CDCl3); 

δ7.35–7.25 (m, 15H, ArH), 4.98 (d, 1H, J=10.8 Hz, ArCH2), 4.89 (d, 1H, J=10.6 Hz, ArCH2), 4.80 

(d, 1H, J=10.8 Hz, ArCH2), 4.76 (d, 1H, J=12.0 Hz, ArCH2), 4.66 (d, 1H, J=3.60 Hz, H1'), 4.63 (d, 

1H, J=12.1 Hz, ArCH2), 4.62 (d, 1H, J=10.7 Hz, ArCH2), 4.23–4.14 (m, 2H, H1a, H1b), 3.96 (t, 



Supplement 12 

 

1H, J=9.20 Hz, H3'), 3.78 (ddd, 1H, J=9.68, 7.56, 2.92 Hz, H5'), 3.72 (dt, 1H, J=10.0, 6.40 

Hz,H3a), 3.50 (dd, 1H, J=9.64, 3.60 Hz, H2'), 3.43 (dt, 1H, J=9.72, 6.36 Hz, H3b), 3.41 (dd, 1H, 

J=13.6, 2.96 Hz, H6'a), 3.31 (t, 1H, J=9.24 Hz, H4'), 3.05 (dd, 1H, J=13.6, 7.56 Hz, H6'b), 2.33 (s, 

3H, SAc-CH3), 2.29 (t, 2H, J=7.68 Hz, COCH2), 1.95 (f, 2H, J=6.40 Hz, H2a, H2b), 1.61 (f, 2H, 

J=7.24 Hz, COCH2CH2), 1.25 (br, 28H, -CH2-), 0.88 (t, 3H, J=6.84 Hz, -CH3). 
13C NMR (100 

MHz, CDCl3); 194.8 (SAc-C=O), 173.8 (C=O), 138.6 (Ar-ipso), 138.1 (Ar-ipso), 137.8 (Ar-ipso), 

128.4–127.6 (m, Ar), 96.8 (C1’), 81.7 (C3’), 80.4 (C4’), 80.1 (C2’), 75.7 (ArCH2), 75.2 (ArCH2), 

73.2 (ArCH2), 69.4 (C5’), 64.6 (C3), 61.2 (C1), 34.3 (COCH2), 31.9 (-CH2-), 30.9 (C6’), 30.5 

(SAc-CH3), 29.7–29.2 (m, -CH2-), 28.7 (C2), 25.0 (COCH2CH2), 22.7 (-CH2-), 14.1 (-CH3). 

 

3-O-(2′,3′,4′-Tri-O-benzyl-6′-sulfo-α-D-qunovopyranosyl)-1-O-stealoyl-1,3-propanediol 

sodium salt (11): To a solution of 31.3 g (37.6 mmol) of compound 10 in 450 mL of acetic acid, 

46.2 g (0.3 mol) of potassium peroxymonosulfate (Oxone: KHSO5, 1/2KHSO4, 1/2KaSO4) and 

11.3 g (0.12 mol) of potassium acetate was added, and the solution was stirred at room temperature 

for 48 h. The reaction mixture was poured into 1,000 mL of 7.5 M sodium hydroxide and then 

extracted with 200 mL of ethyl acetate four times. The combined organic layer was washed with 

200 mL of saturated sodium bicarbonate solution twice and then 200 mL of brine twice. The 

combined organic layer was dried over anhydrous sodium sulfate and filtered. The filtrate was 

evaporated in vacuo, and the residue was chromatographed on a silica gel column within a mixture 

of dichloromethane and methanol to afford 28.7 g of compound 11 (33.3 mmol, 88.6%). 

 [α]23
D +29.0° (c1.16 CHCl3), LRMS m/z 837 (M-Na)-. 1H NMR (400 MHz, 

DMSO-d6); δ7.36–7.22 (m, 15H, ArH), 4.85 (d, 1H, J=11.2 Hz, ArCH2), 4.81 (d, 1H, J=3.72 Hz, 

H1'), 4.79 (d, 1H, J=11.4 Hz, ArCH2), 4.69 (d, 1H, J=11.2 Hz, ArCH2), 4.65 (d, 1H, J=12.0 Hz, 

ArCH2), 4.61 (d, 1H, J=12.0 Hz, ArCH2),4.58 (d, 1H, J=11.4 Hz, ArCH2), 4.19–4.10 (m, 2H, H1a, 

H1b), 4.05–3.96 (m, 2H, H3a, H5'), 3.79 (t, 1H, J=9.14 Hz, H3'), 3.47 (dd, 1H, J=9.56, 3.60 Hz, 

H2'), 3.38 (dt, 1H, J=10.1, 6.20 Hz, H3b), 3.20 (dd, 1H, J=9.80, 9.00 Hz, H4'), 2.94 (dd, 1H, 
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J=13.9, 1.16 Hz, H6'a), 2.63 (dd, 1H, J=14.0, 9.06 Hz, H6'b), 2.29 (t, 2H, J=7.38 Hz, COCH2), 

1.86 (d, 2H, J=6.36 Hz, H2a, H2b), 1.52 (d, 2H, J=7.12 Hz, COCH2CH2), 1.23 (br, 28H, -CH2-), 

0.85 (t, 3H, J=6.84 Hz, -CH3). 
13C NMR (100 MHz, DMSO-d6); δ 172.9 (C=O), 138.9 (Ar-ipso), 

138.6 (Ar-ipso), 138.6 (Ar-ipso), 128.2–127.3 (m, Ar), 95.0 (C1’), 81.4 (C3’), 80.5 (C4’), 80.0(C2’), 

74.4 (ArCH2), 73.7 (ArCH2), 71.4 (ArCH2), 67.3 (C5’), 63.4 (C3), 61.5(C1), 52.8 (C6’), 33.6 

(COCH2), 31.3 (-CH2-), 29.0–28.4 (m, C2, -CH2-), 24.5 (COCH2CH2), 22.1 (-CH2-), 13.9 (-CH3). 

 

3-O-(6′-Sulfo-α-D-quinovopyranosyl)-1-O-stearoyl-1,3-propanediol sodium salt (12): To a 

solution of 28.8 g (33.3 mmol) of compound 11 in a mixture of ethanol (400 mL) and 

dichloromethane (150 mL), 7.0 g of 10% palladium on charcoal was added, and the mixture was 

stirred under hydrogen atmosphere at room temperature for 48 h. After filtering, the filtrate was 

evaporated in vacuo. The residue was chromatographed on a silica gel column with a mixture of 

dichloromethane and methanol to afford 15.6 g of compound 12 (26.4 mmol, 79.4%). 

 [α]22
D +49.6° (c1.00 H2O), LRMS m/z 567 (M-Na), HRMS calcd. for C27H51O10S 

(M-Na)- 567.3208, found 567.3210. 1H NMR (400 MHz, DMSO-d6); δ5.40 (d, 1H, J=3.48 Hz, 

4’-OH), 4.58 (d, 1H, J=4.64 Hz, 3’-OH), 4.56 (d, 1H, J=3.72 Hz, H1'), 4.45 (d, 1H, J=6.52 Hz, 

2'-OH), 4.15–4.06 (m, 2H, H1a, H1b), 3.84–3.78 (m, 2H, H3a, H5'), 3.42–3.34 (m, 2H, H3b, H3'), 

3.19 (ddd, 1H, J=9.62, 6.50, 3.76 Hz, H2'), 2.98–2.91 (m, 2H, H4', H6'a), 2.63 (dd, 1H, J=14.0, 

6.00 Hz, H6'b), 2.28 (t, 2H, J=7.40 Hz, COCH2), 1.86–1.80 (m, 2H, H2a, H2b), 1.55–1.48 (m, 2H, 

COCH2CH2), 1.24 (br, 28H, -CH2-), 0.86 (t, 3H, J=6.84 Hz, CH3). 
13C NMR (100 MHz, 

DMSO-d6); δ172.8 (C=O), 98.2 (C1’), 74.7 (C4’), 73.1 (C3’), 71.8 (C2’), 68.2 (C5’), 63.4 (C3), 

61.2 (C1), 55.1 (C6’), 33.4 (COCH2), 31.2 (-CH2-), 28.9–28.4 (m, C2, -CH2-), 24.4 (COCH2CH2), 

22.0 (-CH2-), 13.8 (CH3). 

 

3-O-(6′-Sulfo-α-D-quinovopyranosyl)-1-O-stearoyl-1,3-propanediol calcium salt (13): A 

solution of 2.1 g of compound 12 in 60 mL of water was applied on 100 g of Wakogel 100C18 
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(reversed-phase silica gel), which was washed with 500 mL of water containing 1% calcium 

chloride and 500 mL of water successively. After eluting with 200 mL of methanol, the eluent was 

evaporated in vacuo and then dissolved in hot ethanol to give 1.5 g of a precipitate as compound 

13. 

 LRMS m/z 567 (M-Na). 1H NMR (400 MHz, DMSO-d6); δ 5.40 (d, 1H, J=3.5 Hz, 

4’-OH), 4.58 (d, 1H, J=4.6 Hz, 3’-OH), 4.56 (d, 1H, J=3.7 Hz, 1’), 4.45 (d, 1H, J=6.5 Hz, 2’-OH), 

4.15–4.06 (m, 2H, 1ab), 3.84–3.78 (m, 2H, H-5, H-3a’), 3.42–3.34 (m, 2H, H-3’, 3b), 3.21–3.16 (m, 

1H, H-2’), 2.98–2.91 (m, 2H, H-4’, 6’a), 2.63 (dd, 1H, J=14.0, 6 Hz, H-6’b), 2.28 (t, 2H, J=7.4 Hz, 

C(O)CH2), 1.86–1.80 (m, 2H, H-2), 1.55–1.48 (m, 2H, C(O)CCH2), 1.24 (br, 28H, CH2), 0.86 (t, 

3H, J=6.8 Hz, CH3). 
13C NMR (100 MHz, DMSO-d6); δ 172.8 (C(O)), 98.2 (C1’), 74.7 (C4’), 73.1 

(C3’), 71.8 (C2’), 68.2 (C5’), 63.4 (C3), 61.2 (C1), 55.1 (C6’), 33.4 (C(O)CH2), 31.2 (CH2), 

28.9–28.4 (br, CH2), 24.4 (C(O)CCH2), 22.0 (CH2), 13.8 (CH3). 
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Synthesis II: Synthesis of non-radioactive SQAP. 

 In the synthesis of GLP-grade SQAP described previously, the 1,3-propanediol moiety 

was introduced in the first step of the synthetic procedure as a protecting group at C1, which was 

converted into alcohol with a hydroboration reaction in a later step. In the synthesis of radioactive 

SQAP, it should be noted that the [14C]-incorporated carbon unit was introduced as late as possible 

in the synthetic procedure to avoid the loss of radioactivity. Thus the 1,3-propanediol[14C] was 

incorporated as a glycosylation reaction with fluoroglucose 16, which was a key intermediate. 

 The calcium salt of non-radioactive SQAP was synthesized according to Scheme 2. A 

key intermediate 17 was prepared from the allyl glycoside 7 in three steps as follows: 1) 

deallylation with 10% palladium on charcoal in ethanol under argon atmosphere, 2) substitution of 

a p-toluene sulfonyl group to a thioacetyl group with potassium thioacetate in 

N,N-dimethylformamide (DMF), 3) fluorination at C1 with (diethylamino)sulfur trifluoride 

(DAST) in tetrahydrofuran (THF). After glycosylation with monobenzyl 1,3-propanediol by the 

presence of stannous chloride and silver perchlorate in diethyl ether. Oxidation of thioacetate 17 

with potassium peroxymonosulfate (oxone) and potassium acetate in acetic acid gave sulfonic acid 

18 followed by deprotection of benzyl ethers with palladium on charcoal in a mixture of ethyl 

alcohol and methyl alcohol under a hydrogen atmosphere to afford a sodium salt of 19, which was 

esterified with stearic acid anhydride in chloroform, N,N-dimethylformamide and pyridine. The 

sodium salt was converted to the calcium salt of 13 in aqueous calcium chloride solution on a 

reversed-phase silica gel column. 
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Scheme 2 Synthetic route of non-radioactive SQAP. 

 

3-O-(2′,3′,4′-Tri-O-benzyl-6′-deoxy-6′-thioacetyl-α-D-quinovopyranosyl)-1-O-benzyl-p

ropane-1,3-diol (17): To a solution of 7.4 g of compound 7 (11.4 mmol) in 50 mL of ethanol, 300 

mg of 10% palladium on charcoal was added, and the solution was stirred under argon atmosphere 

at room temperature for 16 h. After adding 100 mL of ethyl acetate, the reaction mixture was 

filtered through Celite®, and the filtrate was evaporated in vacuo. The residue was washed with 20 

mL of ethyl acetate, which was then washed with 100 mL of water three times and 100 mL of brine 

twice, successively. After drying over anhydrous sodium sulfate, the organic layer was filtered and 

then evaporated in vacuo. The residue was chromatographed on a silica gel column in a mixture of 

n-hexane and ethyl acetate. The eluent was evaporated in vacuo to afford 5.9 g of crystalline 
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compound 14 (9.1 mmol, 83%), which showed m/z 627 as the (M+Na)+. 

 To a solution of 5.9 g of compound 14 (9.1 mmol) in 50 mL of anhydrous 

N,N-dimethylformamide (DMF), 1.6 g (1.5 eq) of potassium thioacetate was added, and the 

solution was then stirred at 85 °C for 4 h. After cooling to room temperature, the reaction mixture 

was filtered, and the filtrate was evaporated in vacuo. The residue was dissolved in a small amount 

of ethyl acetate, which was washed with 100 mL of water. The water layer was extracted with 50 

mL of ethyl acetate three times, and the combined organic layer was washed with 50 mL of brine 

twice and then dried over anhydrous sodium sulfate. After filtering, the filtrate was evaporated in 

vacuo, and the residue was chromatographed on a silica gel column in a mixture of n-hexane and 

ethyl acetate. The eluent was evaporated in vacuo to afford 4.0 g of compound 15 (7.8 mmol, 

85.3%), which showed m/z 547 as the (M+K)+. 

 To a solution of 4.0 g of compound 15 (7.8 mmol) in 40 mL of anhydrous THF, 1.3 g 

(1.3 eq) of (diethylamino)sulfur trifluoride (DAST) was added. After stirring at 0 °C for 30 min, a 

small amount of water was added. The mixture was dissolved in a small amount of ethyl acetate, 

which was washed with 100 mL of water and then extracted with 50 mL of ethyl acetate three 

times. The combined organic layer was washed with 50 mL of brine twice, dried over anhydrous 

magnesium sulfate, filtered, and the filtrate was evaporated in vacuo. The residue was 

chromatographed on silica gel in a mixture of n-hexane and ethyl acetate. Evaporation of the eluent 

in vacuo gave a crystalline compound 16 at −20 °C, showing m/z 533 as the (M+Na)+. 

 Five hundred milligrams of activated powdery molecular sieves 4A was dried in a 50 

mL round flask in vacuo for 3 h at 200 °C. Under an argon atmosphere, 0.1 g of 

1-O-monobenzyl-1,3-propanediol (0.6 mmol), 15 mL of anhydrous ethyl ether, 0.25 g of stannous 

chloride (1.23 mmol), and 0.25 g of silver perchlorate (1.23 mmol) were added and stirred for 60 

min at room temperature. After cooling the reaction mixture to 0 °C, a solution of 0.47 g of 

compound 16 (0.92 mmol) in 5 mL of anhydrous diethyl ether was added, and then the mixture 

was stirred for 24 h at room temperature. After adding 20 mL of diethyl ether, the reaction mixture 
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was filtered through Celite®. The filtrate was washed with 20 mL of aqueous sodium bicarbonate, 

20 mL of water, and 20 mL of saturated brine, and the organic layer was then dried over anhydrous 

sodium sulfate. After filtering, the filtrate was evaporated in vacuo, the residue was 

chromatographed on a silica gel column in a mixture of n-hexane and ethyl acetate to afford 0.35 g 

of compound 17 (0.53 mmol, 86.2% from 15). 

 LRMS m/z 679 (M + Na)+. 1H NMR (400 MHz, CDCl3); δ7.36–7.24 (m, 20H, ArH), 

4.98 (d, 1H, J=10.8 Hz, ArCH2), 4.89 (d, 1H, J=10.4 Hz, ArCH2), 4.80 (d, 1H, J=10.8 Hz, ArCH2), 

4.74 (d, 1H, J=12.4 Hz, ArCH2), 4.68 (d, 1H, J=3.6 Hz, H-1), 4.62 (d, 1H, J=12.4 Hz, ArCH2), 

4.61 (d, 1H, J=10.8 Hz, ArCH2), 4.48–4.47 (br, 2H, ArCH2), 3.97 (dd, 1H, J=9.2, 9.2 Hz, H-3), 

3.86–3.74 (m, 2H, H-1a, H-5), 3.62–3.37 (m, 5H, H3ab, H-2, H-1b, H-6a), 3.31 (dd, 1H, J=9.2, 

9.2Hz, H-4), 3.04 (dd, 1H, J=13.5, 7.6 Hz, H-6b), 2.28 (s, 3H, CO-CH3). 
13C NMR (100 MHz, 

CD3OD+CDCl3); δ 195.0 (CO), 138.7 (Ar-ipso), 138.5 (Ar-ipso), 138.2 (Ar-ipso), 137.9 (Ar-ipso), 

128.5–127.5 (m, Ar), 96.7 (C-1’), 81.8 (C-3’), 80.5 (C-4’), 80.1 (C-2’), 75.7 (ArCH2), 75.2 

(ArCH2), 73.0 (ArCH2), 73.0 (ArCH2), 69.3 (C5’), 67.2 (C-3), 65.1 (C-1), 30.9 (C6), 29.7 (C2). 

 

3-O-(2′,3′,4′-Tri-O-benzyl-6′-sulfo-α-D-quinovopyranosyl)-1-O-benzyl-1,3-propanediol 

sodium salt (18): To a solution of 60 mg compound 17 (92 μmol) in 0.6 mL of acetic acid, 0.17 g 

of potassium peroxymonosulfate (oxone: KHSO5, 1/2 KHSO4, 1/2 KaSO4) and 3 mg of potassium 

acetate was added, and the reaction mixture was vigorously stirred at room temperature for 48 h. 

The reaction mixture was evaporated in vacuo and the residue was filtered. The filtrate was 

extracted with 10 mL of ethyl acetate five times. The combined organic layer was dried over 

anhydrous sodium sulfate, filtered, and evaporated in vacuo. The filtrate was chromatographed on a 

silica gel column with a mixture of chloroform and methanol. The eluent was evaporated to give 

50.1 mg of 18 (73 μmol, 80.0%). 

 LRMS m/z 661 (M - Na). 
１H NMR (400 MHz, CDCl3+CD3OD [4drops]); δ 7.31–7.24 

(m, 20H, ArH), 4.98 (d, 1H, J=10.8 Hz, ArCH2), 4.88 (d, 1H, J=11.2 Hz, ArCH2), 4.77–4.69 (m, 
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3H, ArCH2, H-1’), 4.61–4.58 (m, 2H, ArCH2), 4.48–4.42 (m, 2H, ArCH2), 4.22–4.17 (m, 1H, 

H-5’), 4.04–3.96 (m, 2H, H-3’, H-3a), 3.67–3.47 (m, 4H, H-1ab, H-2’, H-3b), 3.30–3.22 (m, 2H, 

H-6’a, H-4’), 2.95 (br, 1H, H-6’b), 1.96–1.93 (m, 2H, H-2). 13C NMR (100 MHz, 

CD3OD+CD3OD [4 drops]); δ 138.4 (Ar-ipso), 138.2 (Ar-ipso), 138.0 (Ar-ipso), 137.7 (Ar-ipso), 

128.3–127.5 (m, Ar), 96.3 (C-1’), 81.7 (C-3’), 80.2 (C-4’), 79.9 (C-2’), 75.5 (ArCH2), 74.8 

(ArCH2), 72.8 (ArCH2), 67.3 (C1), 67.0 (C-5’), 64.8 (C-3), 52.2 (C6’), 29.4 (C2). 

 

3-O-(6′-Sulfo-α-D-quivopyranosyl)-1,3-propanediol sodium salt (19): To a solution of 50 mg of 

compound 18 (73 μmol) in a mixture of 2 mL of methanol and 0.5 mL of chloroform, 10 mg of 

10% palladium on charcoal was added. The mixture was stirred under a hydrogen atmosphere at 

room temperature for 16 h. After adding 10 mL of methanol and vigorously stirring for 10 min, the 

reaction mixture was filtered, and the filtrate was evaporated in vacuo. The residue was 

chromatographed on a silica gel column in a mixture of chloroform and methanol. The eluent was 

evaporated to afford 23 mg of compound 19 (70 μmol, 95%). 

 LRMS m/z 301 (M-Na)-. 1H NMR (400 MHz, DMSO-d6): δ4.56 (d, 1H, J=3.6 Hz, 

H-1’), 3.87–3.78 (m, 2H, 5’, 3a), 3.56–3.32 (m, 4H, H-1ab, H-3’, H-3b), 3.20 (dd, 1H, J=9.6, 3.6 

Hz, H-2’), 3.02–2.91 (m, 1H, H-6’a, 4’), 2.63 (dd, 1H, J=9.6, 3.6Hz, H-6’b), 1.74–1.61 (m, 2H, 

H-2). 13C NMR (100 MHz, DMSO-d6); δ 98.3 (C-1’), 74.5 (C-4’), 73.4 (C-3’), 72.0 (C-2’), 68.3 

(C5’), 64.2 (C-3), 58.2 (C-1), 54.9 (C6’), 32.8 (C2). 

 

3-O-(6′-sulfo-α-D-quonovosyl)-1-O-stearoyl-1,3-propanediol calcium salt (13): A mixture of 

0.86 g of compound 19 (2.65 μmol) and 0.9 g of anhydrous stearic acid (1.6 μmol) was dissolved 

in a mixture of 13 mL of anhydrous N,N-dimethylformamide (DMF), 13 mL of chloroform, and 2 

mL of pyridine. After stirring the mixture at room temperature for 24 h, a mixture of 20 mL of 

chloroform and 10 mL of methanol was added while continuing to stir. After filtering, the filtrate 

was evaporated in vacuo, and the residue was chromatographed on a silica gel column with a 
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mixture of chloroform and methanol. The eluent was evaporated in vacuo to afford a solid 

compound, which was dissolved in 50% aqueous methanol. After applying the solution on a 

Wakogel 100C18 (reversed-phase silica gel) column, it was washed with 100 mL of 50% aqueous 

methanol containing 10% calcium chloride twice and 100 mL of 50% aqueous methanol five times, 

successively. Then, the solution was eluted with aqueous methanol, and the eluent was evaporated 

in vacuo to afford 0.6 g of compound 13 (1.0 μmol, 36.3%). 

 LRMS and NMR data; see “Synthesis I.” 
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Synthesis III: Synthesis of radioactive 14C-SQAP. 

 The radioactive SQAP was synthesized according to Scheme 3. All reactions were the 

same as those in the synthesis of non-radioactive SQAP except that radioactive 1,3- 

propanediol[1-14C] was used for the glycosylation reaction. 

 

Scheme 3 Synthetic route of radioactive SQAP. (The asterisk mark indicates the position of the 

radioactive carbon in 1,3-propanediol) 

 

[14C]17: After drying 1 g of powdery molecular sieves (4A) in vacuo for 3 h at 200 °C, a mixture 

of 0.26 g of 3-benzyloxy-1,3-propanol[14C] (1.59 mmol, 3.48 GBq), 0.66 g of silver perchlorate 
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(3.19 mmol), and 0.60 g of tin(II) chloride (3.2 mmol) in 40 mL of anhydrous diethyl ether was 

added at room temperature. After stirring for 60 min at room temperature under an argon 

atmosphere, a solution of 1.22 g of compound 16 (2.4 mmol) in 12 mL of diethyl ether was added 

at 0 °C and then stirred at room temperature for 24 h. After adding 40 mL of diethyl ether, the 

reaction mixture was filtered and washed with 10 mL of diethyl ether. The combined filtrate was 

washed with 40 mL of aqueous sodium bicarbonate and 40 mL of water successively. After drying 

over anhydrous magnesium sulfate, the filtrate was filtered once again and then evaporated in 

vacuo. The residue was purified on a silica gel column by performing medium pressure liquid 

chromatography (MPLC) within a mixture of n-hexane and ethyl acetate to afford 0.95 g of [14C]17 

(1.45 mmol, 3.04 GBq). 

 

[14C]18: To a solution of 0.95 g of compound [14C]17 (1.45 mmol, 3.04 GBq) in 10 mL of acetic 

acid, 2.68 g of potassium peroxymonosulfate (oxone, 8.72 mol) and 42.8 mg of potassium acetate 

(0.44 mmol) was added, successively, and the mixture was then stirred at room temperature for 48 

h. The reaction mixture was filtered, and the filtrate was washed with 20 mL of ethyl acetate and 

then washed with 20 mL of water. The aqueous layer was extracted with 20 mL of ethyl acetate 

three times, and the combined organic layers were dried over anhydrous sodium sulfate. After 

filtering, the filtrate was evaporated in vacuo. The residue was chromatographed on a silica gel 

column by performing MPLC with a mixture of chloroform and methanol to afford 0.79 g of 

[14C]18 (1.15 mmol). 

 

[14C]19: To a solution of 0.79 g of [14C]18 (1.15 mmol) in a mixture of 7.5 mL of chloroform and 

30 mL of methanol, 0.31 g of 10% palladium on charcoal was added, and the mixture was then 

stirred under a hydrogen atmosphere for 16 h at room temperature. After filtering, the filtrate was 

washed with 20 mL of methanol, which was evaporated in vacuo. The residue was 

chromatographed on a silica gel column by performing MPLC using a mixture of chloroform and 
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methanol to afford 0.33 g of [14C]19 (1.03 mmol). 

 

14C-SQAP calcium salt (13): A suspension of 0.33 g of [14C]19 (1.03 mmol), 0.34 g of anhydride 

stearic acid (0.61 mmol), and 0.77 mL of dry pyridine (10 mmol) in a mixture of 5 mL of 

N,N-dimethylformamide (DMF) and 5 mL of chloroform was stirred at room temperature for 48 h. 

The reaction mixture was evaporated in vacuo, and the resulting residue was chromatographed on a 

silica gel column by performing MPLC with a mixture of chloroform and methanol to afford a 

crude [14C]-SQAP sodium salt. This crude product was dissolved in a 50% aqueous methanol 

solution and applied to an octadecylsilyl column. After washing with 80 mL of 50% aqueous 

methanol containing 10% of calcium chloride and with 200 mL of 50% aqueous methanol solution, 

successively, the column was eluted with aqueous methanol. After repeating the above procedures 

several times, the eluent was evaporated in vacuo to afford 50.0 mg of 14C-SQAP (171 MBq). 
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Supplement: Quantification and identification of Peak1 

 

 Based on Figure 2(B), quontifications of peak 1 and peak of [glucose-U-14C]-SQAP 

(CP-3839) was identified. 

 

Quantification of Peak 1 

 The results are shown in Table S1 and Figure 2(B). In the plasma, 

[glucose-U-14C]-SQAP (CP-3839)  accounted for 89.6% of the radioactivity in sample (1997 

ng/mL) at 5 min, 7.7% (53 ng/mL) at 1 h and 2.5% (14 ng/mL) at 2 h after administration. 

[glucose-U-14C]-SQAP (CP-3839) was not detected at 4 h after administration. A polar metabolite 

Peak 1 accounted for 6.0% of the radioactivity in sample (134 ng eq./mL) at 5 min, 87.6% (600 ng 

eq./mL) at 1 h, 91.1% (509 ng eq./mL) at 2 h, 85.2% (239 ng eq./mL) at 4 h and 64.8% (52 ng 

eq./mL) at 8 h after administration. 

 

Table S1 Concentrations of radioactivity in plasma after a single intravenous administration of 

[glucose-U-14C]-SQAP (CP-3839) to non-fasting Lu65 transplanted male nude mice (dose: 

2 mg/kg as [glucose-U-14C]-SQAP (CP-3839)) 

 

 Concentrations (ng eq. of [glucose-U-14C]-SQAP (CP-3839) /mL) 

Metabolite 5 min 1 h 2 h 4 h 8 h 

Peak 1 134 600 509 239 52 

[glucose-U-14C]- 

SQAP (CP-3839) 
1997 53 14 N.D. N.D. 

Total conc. 2229 685 559 281 81 

Data were obtained from the pooled sample of three animals. 

N.D.: Not detected 
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Identification of Peak 1 

LC/MS (MS/MS) Measurement 

 In LC/MS (MSn) measurement of the reference standard [glucose-U-14C]-SQAP 

(CP-3839), the MS chromatogram and MS and MSn spectra are shown in Figure 3, Table 4 and 

Figure S2, respectively. The [M–H]– ion at m/z 567.3199 was found at the retention time of 49 min 

and resulted in the fragment ions at m/z 283 and 225. Assignment of the fragment ions are depicted 

as follows. 
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 In LC/MS (MSn) measurement of the plasma, radio-chromatogram and MS 

chromatogram are shown in Figure3, Table 4 and Figure S2, respectively. An ion at m/z 301.0592 

was detected from Peak 1, and the molecular formula was estimated as C9H17O9S (calculated value 

as [M–H]– ion: 301.0599). This mass number corresponded to the mass number of the parent 

compound (567) – 266. Since the fragment ion at m/z 225 was detected (Figure S2), the chemical 

structure was estimated as a hydrolyzed metabolite. Assignment of the fragment ion is depicted as 

follows: 
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