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1. Synthesis of the Starting Material, 2,6-Dideoxy-6-iodo-D-glucose (1).  

1H NMR (400 MHz) and 13C NMR (100 MHz) spectra were taken on a JEOL EX-

400 spectrometer in CD3OD as a solvent, and the chemical shift values are reported in δ

from CD3OD (3.30 ppm for 1H NMR and 49.00 ppm for 13C NMR).  TLC analyses were

performed on commercial glass plates bearing a 0.25-mm layer of Merck Silica gel 60F254.
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The elemental analyses were carried out at the Elemental Analysis Center of the University

of Tokyo.  Flash column chromatography on silica gel 60 (spherical, neutral, 140–325

mesh, Kanto Chemical) was carried out according to Still.[1]  Unless otherwise noted,

chemicals and solvents were used as received.  2-Deoxy-D-glucose was purchased from

Aldrich.

The iodo sugar 1 is a known compound[2] and was prepared by a slightly modified

procedure.  2-Deoxy-D-glucose (5.00 g, 30.0 mmol) was placed in a 100-mL round-

bottomed flask equipped with a Dimroth condenser.  Hydrochloric acid in methanol (10%,

60 mL) was added to the flask.  After flushed with nitrogen, the mixture was heated at 50

˚C, and the homogeneous solution was refluxed for 10 h.   After cooling to ambient

temperature, silver(I) carbonate was added with vigorous stirring until generation of carbon

dioxide ceased.  The mixture was passed through a pad of Celite®, the filtrate in a 1000-

mL round-bottomed flask was concentrated in vacuo, and diluted with toluene (250 mL).

The flask was flushed with dry nitrogen, and imidazole (6.12 g, 90.0 mmol),

triphenylphosphine (11.8 g, 45.0 mmol) and iodine (11.5 g, 42.0 mmol) were added

successively.  After further addition of 200 mL of toluene, the mixture was heated at 70 ˚C

for 2.5 h under nitrogen with vigorous stirring using a large stirring bar.  The reaction

remained heterogeneous. The toluene layer was transferred to a round-bottomed flask and

concentrated.  The remaining gummy residue in the reaction flask was triturated with

chloroform.  The suspension in chloroform was filtrated through Celite®, and the filtrate

was concentrated.  The toluene and the chloroform extracts were combined and carefully
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purified by silica gel chromatography with chloroform/methanol = 20:1 as eluent.  The

chromatographed fractions contained 5.9 g of 1-O-methyl-2,6-dideoxy-6-iodo-D-glucose

(20 mmol, two steps, 67% yield).  Sulfuric acid (0.5 mol/L, 200 mL) was added to the

purified 1-O-methyl-2,6-dideoxy-6-iodo-D-glucose and the mixture was heated at 80 ˚C

with stirring for 1.5 h.  A clear solution was obtained as the reaction proceeded.  After

cooling to room temperature, sodium hydrogen carbonate was carefully added portionwise

to the acidic solution.  Neutralization to pH 7 was checked with an indicator paper, and the

mixture was then concentrated in vacuo (bath temp. 40˚C).  Before complete removal of

solvent (ca. 10–20 mL), methanol (100 mL) was added to the flask, affording white

precipitate (largely Na2SO4).  Filtration through Celite®, concentration of the filtrate (bath

temp. 30 ˚C), and silica gel column purification (chloroform/methanol = 8:1) afforded 2,6-

dideoxy-6-iodo-D-glucose (1, 4.2 g, 15 mmol, 50% overall yield).  Pure iodo sugar 1,

amorphous white solid, is unstable at over 40 ˚C and hence must be kept in a refrigerator

under inert atmosphere.  Spectroscopic data of 1 (mixture of anomers, α/β = 6/4 in

CD3OD, Figure 1): 1H NMR (400 MHz, CD3OD) δ 1.47 (ddd, J = 10.0, 12.0, 12.4 Hz,

0.4H, Hβ
b), 1.58 (ddd, J = 3.6, 11.6, 12.8 Hz, 0.6H, Hα

b), 2.02 (ddd, J = 0.8, 4.8, 12.8 Hz,

0.6H, Hα
c), 2.13 (ddd, J = 2.0, 4.8, 12.4 Hz, 0.4H, Hβ

c), 2.99 (ddd, J = 2.4, 6.4, 8.8 Hz, 0.6H,

Hα
f), 3.06 (dd, J = 8.8, 8.8 Hz, 0.6H, Hα

e), 3.11 (dd, J = 8.8, 8.8 Hz, 0.4H, Hβ
e), 3.35 (dd, J

= 6.4, 10.8 Hz, 0.6H, CHα
2I), 3.38–3.46 (m, 0.8H, CHβ

2I and Hβ
f), 3.50–3.61 (m, 1.4H,

CHα
2I, CHβ

2I and Hβ
d), 3.90 (ddd, J = 4.8, 8.8, 11.6 Hz, 0.6H, Hα

d), 4.82 (dd, overlapping
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with CD3OH, Hβ
a), 5.24 (dd, J = 0.8, 3.6 Hz, 0.6H, Hα

a). The coupling constants of Hβ
b

indicate the existence of two axial protons in comparison with the coupling constants of Hα
b,

providing evidence for the assignment of α- and β-anomers. 13C NMR (100 MHz, CD3OD)

For α-anomer, δ 9.16 (C6), 39.65 (C2), 69.16 (C3), 71.65 (C5), 77.41 (C4), 92.83 (C1). For β-

anomer, δ 7.41 (C6), 41.92 (C2), 71.99 (C3), 76.49 (C5), 76.71 (C4), 95.03 (C1).  Anal.

Calcd for C6H11IO4: C, 26.30; H, 4.04. Found: C, 26.49; H, 4.33.
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2. Chemicals and Instruments for Radical Hydroxylation of 1 with [15O]O2.  

Chemicals were employed as received.  2-Butanol, α,α,α-trifluorotoluene, and

perfluorodecalin were obtained from Kanto Chemical, Acros, and Fluorochem Ltd.,

respectively.  Triphenylphosphine and AIBN were purchased from Wako Pure Chemical.

Bu3SnH, containing 0.5% 2,6-di-t-butyl-4-methylphenol, was obtained from Aldrich

(Catalog No., 23478–8, 10 g).  To obtain reproducibility of the reaction, one must use the

Bu3SnH sample fresh from the bottle. Once kept for more than a few days in a once-open

bottle, such an old reagent (even after careful distillation) causes low reproducibility of the
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radical reaction.  Saline was purchased from Otsuka Pharmaceutical Co., Ltd.

Production of 15O was accomplished via 15N(p, n)15O reaction by proton

bombardment (12MeV, 50µA) of a 15N2 target containing 1.5 % 16O2 using a cyclotron-

target system (OSCAR-12, NKK/Oxford) at The Medical and Pharmaceutical Research

Center Foundation.  Typically, 3 × 10 GBq of crude [15O]O2 was obtained at saturation

(4.0 min after the beginning of the bombardment).  The automated synthetic apparatus,

with which the “hot” syntheses were performed in a lead-shielded hood, was house made

by Fujisawa Pharmaceutical Co., Ltd.[3]  Figure 3 in the main text illustrates the diagram

of the synthetic system.  A special reaction vessel (Figure 1 in the main text) was made for

the radical hydroxylation. The internal volume of the vessel to hold the reaction mixture is

ca. 50 mL.   The reactor has a sintered glass filter (5-10 µm pore size) as its bottom.

The labeled oxygen gas was introduced as fine bubbles through the filter to ensure efficient

oxygen uptake. The reaction mixture was heated with the aid of the built-in 80 ˚C-air jacket

outside of the reaction vessel.  Sep-Pak® cartridges, Vac 3cc and plus C18 short, for

purification were purchased from Waters.  

Radioactivity was measured with an RI calibrator (Capintec, CRC127R).

Radiochemical purity was determined by high-performance liquid chromatography with

Agilent1100 HPLC system (Agilent Technologies Japan, Tokyo), and an Aloka positron

detector RLC-700 (Aloka Co., Ltd, Tokyo, Japan) using a High-Performance Carbohydrate

column (4.6 mm × 250 mm, Waters Corporation, MA, USA), eluted with 15 %water / 85 %

acetonitrile at a flow rate of 2.0 mL/min.
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The incorporation yield of [15O]DG based on 15O was calculated as follows:  The

mean radioactivity of the saline solution obtained was 0.7 GBq at 8.0 min, 70% of which

came from [15O]DG.  Thus the radioactivity of [15O]DG itself is calculated to be 0.7 GBq

× 70% = 0.49 GBq at 8.0 min.  The cold experiment revealed that 0.27 mmol of DG was

formed in the reaction flask.  Thus, the reaction flask in the hot experiment would have

0.49 GBq × 0.27 mmol/0.04 mmol = 3.3 GBq of [15O]DG at 8.0 min.  On the other hand,

the cyclotron system produced 7.8 GBq of [15O]O2 at 8.0 min (3 × 10 GBq at 4.0 min)

under the same conditions.  In theory, only a half of 15O produced is able to be

incorporated into [15O]DG.  The theoretical maximum radioactivity of [15O]DG is thus 3.9

GBq at 8.0 min.  Therefore, the incorporation yield of [15O]DG based on 15O is calculated

to be 3.3 GBq/3.9 GBq = 84%.

3. Positron Imaging of Rats with [15O]DG, [15O]H2O and [18F]FDG.  

The studies were performed on 9-weeks old male Wistar rats (Japan SLC,

Shizuoka, Japan) with body weights ranging from 192 to 216 g.  All animals were housed

in a room maintained at 23 + 3 ˚C with 55 + 5 % humidity, and with a 12-h light/dark cycle

(light on at 07:00 h).  The minimum quarantine period was at least 1 week before the

experiment.  Animals were housed five per cage and allowed free access to food and water.

All experiments were performed in accordance with the institutional guidelines of the

Experimental Animal Committee of The Medical and Pharmacological Research Center

Foundation.
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Each animal was anesthetized with intraperitoneal injection of 1.0 g/kg with

ethylcarbamide (Wako, Osaka, Japan), and fixed on an acrylic plate placed at a center

position between the detector units of a planar positron imaging system (PPIS) (IPS-1000-

6XII, Hamamatsu Photonics, Shizuoka, Japan).[4]

[15O]H2O (0.5 GBq) were prepared with an automated apparatus (JFE corporation,

Tokyo, Japan).  [18F]FDG (10 MBq) was made according to the conventional method.[5,6,7]

[15O]DG (mean radioactivity: 0.6 GBq at time 8.1 min) was intravenously injected

manually from a tail vein over 0.4 min.  Five minutes after the beginning of the injection,

the rats were scanned with a 5-frame sequence lasting 25 minutes (5 frames, 5 minutes

each).  Five minutes after taking the final frame, [18F]FDG was also injected, and the

emission scan was similarly performed.

We subjected some rats to an array of [15O]DG, [15O]H2O, and [18F]FDG

measurements with the PPIS at intervals of five minutes (Figure S1). The pictures in Figure

5 in the main text were not obtained from the identical rat.  During the sequential

administrations of [15O]DG and [18F]FDG, most of the rats lost control of their bladders,

and hence the accumulation of [18F]FDG at their bladders became rather small (Figure S2).
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a b c

 
Figure S1. Images of sequential [15O]DG(a)-[15O]H2O(b)-[18F]FDG(c) measurement.
PPIS scans were performed similarly.
 

a b

Figure S2. Images of sequential [15O]DG(a)-[18F]FDG(b) measurement.  The rat lost
control of his bladder.
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