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ABSTRACT

Rare sugars are defined as monosaccharides tisatrexiature but are only present in limited quasgi
D-Allose is a rare sugar that has been reportdabt@ some unique physiological effects. The present
study describes suitable synthetic procedures doelnrare sugars of D-allose that afE-labeled at the
C-3 and C-6 positions and the preparation of the@piate labeling precursors. The goal is to fati

in vivo, noninvasive positron emission tomograpRET) investigation of the behavior of rare sugar
analogs of D-allose in organs. We found five preots that were practical for labeling, three for
3-deoxy-3-{°Ffluoro-D-allose (fF]3FDA) and two for 6-deoxy-6fF]fluoro-D-allose (f°F]6FDA).
With manual operation synthesis, the highest rdwiotcal conversion rates were 75% fSIF[3FDA
with a precursor of 1,2,4,6-tet@-acetyl-3O-trifluoromethanesulfonyp-D-glucopyranose and 69% for
[®F]6FDA with a precursor of 1,2,3,4-tet@acetyl-6O-trifluoromethanesulfonyp-D-allopyranose.
Furthermore, the practical yields dfff]3FDA and {°F]J6FDA using an automated synthesizer were also

investigated. Radiochemical yields of 67% and 49%rewobtained for ‘fF]3FDA and f®F]6FDA,



respectively, in an automated synthesizer. As bassessment of stability for use in PET scannirgi) h
performance liquid chromatography analysis showeddecomposition of'fF]3FDA and {°F]6FDA

after up to 6 h in rabbit blood plasma.
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1. Introduction
D-Allose is a rare sugar and an epimer of D-gluaigbe C-3 position. Therapeutic applications
of D-allose that have recently been the subjeaeséarch include protection of neurons from iscloemi

insult [1,2], a growth inhibitory effect on canamells [3—6], and enhancement of anticancer ag@ats]].



At the cell level, some of the mechanisms of theffects have been revealed. For example, the
anticancer mechanism may include up-regulation biorédoxin interacting protein [4] and
down-regulation of glucose transporter type 1 féif, other mechanisms are not known, particularthat
organ level.

Regarding sugar compounds,’®F-labeled D-glucose at the C-2 position,
2-deoxy-2-{®F]fluoro-D-glucose (F]JFDG), is widely applied for assessment of tum¢td—13],
functional activity of tissue in organs such as thain [14-16], and inflammation of the heart [Dbr]
aortic wall [18], in conjunction with positron ersien tomography (PET). This means that the labeled
compound plays an important role in revealing thecianisms of pathophysiological processes at the
organ level.

F_labeled compounds at the different positions 68 (3-deoxy-3-{*F]fluoro-D-glucose:
['®F]3FDG) [19] and C-6 (6-deoxy-65F]fluoro-D-glucose: 'F]|6FDG) [20], as D-glucose analogs, were
also synthesized, and the characteristics of tbesgounds were demonstrated.

It is also of interest to label D-allose with radmtopes to investigate their behavior in organs in
vivo. In previous reports [21,22], 2-deoxy-2H]fluoro-D-allose was synthesized with electroghili
fluorination, and it was demonstrated that it cahas a PET tracer for tumor imaging with highendu
to blood ratios and lower physiological uptaketia brain than'fF]JFDG.

D-glucose analogs have been labeled at differesitipns, and fF]3FDG [19] and F]6FDG



[20] showed different behavior in organs froMiFJFDG. Biodistribution of {*F]3FDG on mouse, rat,
and dog revealed to have smaller lumped-constatrafh and slower blood clearance thafFJFDG
[23]. EMT6 tumor (mouse mammary gland tumor celisjging of {°F]6FDG on mouse demonstrated
that [°F]6FDG is a potential tracer for glucose transpaity unlike f°F]JFDG [24]. Difference of labeled
position of [*F]3FDG and {°F]6FDG causes different properties froMAJFDG, thus, it would be of
interest and importance to reveal the dependenteeofbehavior on the labeled position of the Dse
analog.

Along these lines, the present study aims to intced® radioisotopes at C-3 and C-6 to
D-allose, namely, 3-deoxy-3%F]fluoro-D-allose (}°F]3FDA: [*®*F]1) and 6-deoxy-6fF]fluoro-D-allose
([*®F]6FDA: [*®F]2), respectively. fF]6FDA may be expected never to become 6-phospirsog in
vivo, and [®F]3FDA might be expected to have similar properiié#h 3-deoxy-D-glucose which is a
same compound with 3-deoxy-D-allose.

We designed some possible synthetic routes andssesbetheir merit by radiochemical
conversions (RCCs) and length of reaction time gisimmanual operation synthesis. After the best
precursors were found, for future synthesis'@]BFDA and [®F]6FDA with sufficient quality, practical
yields with these precursors were also investigateadg an automated synthesizer. Because of th& 109
min physical half-life of'®F, it is desirable that labeling and hydrolytic oepction reactions in

automated synthesizers proceed within approximatel physical half-lives, with reasonable percent



yields of at least approximately 50%.

2. Results and discussion
21 Preparation of precursors and non-radioactive authentic standards
As possible synthetic routes, am2Sreaction of no-carrier-added®f]fluoride to triflate

precursors with protecting groups on the non-regcpositions was adopted as tHé&F[fluorination

reaction, and then the protecting groups were shieid by a hydrolysis reaction. Five precursorsewer

practical for labeling: 1,2:5,6-dd-isopropylidene-39-trifluoromethanesulfonyé-D-glucofuranose 3),
1,2,4,6-tetra@-acetyl-3O-trifluoromethanesulfonyp-D-glucopyranose ), and
1,2,4,6-tetrad-benzoyl-30-trifluoromethanesulfonyp-D-glucopyranose 4p) for [*F]3FDA and
1,2,3,4-tetra@-acetyl-6O-trifluoromethanesulfonyp-D-allopyranose Fa), and
1,2,3,4-tetra®-benzoyl-60-trifluoromethanesulfonyp-D-allopyranoseb) for [**F]6FDA.

In this context, pyranose-type precursors 8FJBFDA, 4a and 4b, were first prepared from
1,2,4,6-tetra@-acetyl$-D-glucopyranose@g) [25] and 1,2,4,6-tetr®-benzoylf-D-glucopyranose@p)
[26] with yields of 93% and 86%, respectively (Stigel). A furanose-type precursor OfH]3FDA, 3,
was prepared from 1,2:5,6-@Hsopropylidenes-D-glucofuranoseld) using a literature method [27]. In
contrast, pyranose-type precursors’8fJ6FDA, 5a and5b, were prepared from D-allos@) (by a 4-step

reaction with overall yields of 52% and 21%, respety (Scheme 2).



For identification of radioactive compound&H]3FDA, [°F]6FDA, [**F]11a, [**F]11b, [**F]12a,
and [°F]12b, non-radioactive authentic standards 3FDA, 6FD&q, 11b, 12a, and 12b were also

synthesized (Scheme 3).

2.2 Manual operation synthesis

The *®F-labeling and hydrolytic deprotection proceduréngsmanual operation synthesis is
shown in Scheme 4. The total synthesis time of mkaoperation was approximately 1-2 hours. The
RCCs using manual operation synthesis were detednbyy the ratio of photographic densities of
r_labeled compound TLC spots. The RCCs Bf]fluorination, RCCs of products4F]3FDA or
['®F]6FDA, and calculated efficiencies of hydrolytiemtotection reactions (calculated by dividing the
RCCs of the product by those offfJfluorination) are summarized in Table 1.

% labeled intermediate$®F]13, [*°F]11a, [**F]11b, [*®F]12a, and [°F]12b were derived from
generated precursor3, 4a, 4b, 5a, and5b with 9%, 88%, 85%, 90% and 88% RCC, respectivEtys
means that pyranose type precurgas4b, 5a, and5b had higher RCCs (85%—-90%) than furanose-type
ones did, 8, 9%). Regarding the hydrolytic deprotection reawsi of acyl groups by NaOH, acetyl
derivatives {%F]11a and [®F]12a proceeded to*{F]3FDA and {®F]6FDA with efficiencies of 85% and
77%, respectively. The hydrolytic deprotection @éhcy of benzoyl derivatives, from®f]11b to

['®F]3FDA and {%F]12b to [*®F]6FDA, were 38% and 30%, respectively. The ressitswed that the



efficiencies of deprotection with acyl groups byO¥h were higher than those with benzoyl derivatives.
Acetyl groups were able to react with NaOH at rommperature in <5 min, while benzoyl groups
needed 30 min for the deprotection reaction to detapAs a whole4a and5a were found to be practical

precursors for synthesis dfff]3FDA and f®F]6FDA, respectively.

2.3 Automated synthesis

['®F]3FDA and {®F]6FDA were also synthesized frofa and5a using a commercially available
automated synthesizer. Results for the synthei¥®IBFDA and {®F]6FDA by using NaOH hydrolytic
deprotection with high performance liquid chromaguhy (HPLC) purification (method 1), NaOH
hydrolytic deprotection with solid phase extractf@PE) (method 2), or HCI hydrolytic deprotection
with SPE purification (method 3) on the automatemtisesizer are summarized in Table 2. The
radiochemical yields value of method 2 (decay aue based ontjF]fluoride; 67% for {°F]3FDA and
49% for °F]6FDA) was higher than that of method 1 (43% aB@l2respectively) or method 3 (44%
and 31%). The radiochemical purity of method 1 (899 for [°F]3FDA and >99.9% for'fF]6FDA)
was somewhat higher than that of method 2 (98.686%10%, respectively) or method 3 (99.1% and
99.5%). Regarding total synthesis time, method12niéh for [-°F]3FDA and 41 min for'fF]6FDA) was
somewhat shorter than method 1 (52 min and 57 magpectively) or method 3 (58 min and 44 min).

However, total synthesis time required for meth@d8 was reasonably short considering the physical



half-life of *F radionuclide.

24 Test of stability in blood plasma
No decomposition was observed in blood plasma for Suggesting that botf®F]3FDA and

[*®F]6FDA were stable in blood plasma and meet thairements for in vivo PET imaging.

3. Conclusion

Suitable synthetic procedures fdPH]3FDA and {°F]6FDA have been established. Therefore,
['®F]3FDA and f®F]6FDA can allow assessment of the behavior ofBsalin organs in vivo using PET.

In addition, [°F]3FDA and [®F]6FDA were proven to be sufficiently stable inviitro blood
plasma. This property is practically important tmglify analysis of PET imaging data.

In the course of the present study, we also estadai synthetic methods for precurséasand

5a.

Limitation: Possible limitations may include thebility to detect differences between D-allose
and D-allose analogs of°F]3FDA and {°F]6FDA, This problem corresponds to a similar itigpito
distinguish between D-glucose and D-glucose anatifgE®F]FDG. For example, it is reported that

[*®F]FDG has different metabolic rates from D-glucf®29]. Differences of fF]3FDA and {®F]6FDA



from D-allose could be clarified by the use of tieural substance and specific labeled D-allos&'®y

or *C [30].

4, Experimental
4.1 General methods

1,2:5,6-DiO-isopropylidenes-D-glucofuranose 14) was obtained from Kanto Chemicals Co.,
Inc. D-Allose {7) was obtained from Nagara Science Co., Ltd. 16ZTétraO-acetylf-D-glucopyranose
(6a) [25] and 1,2,4,6-tetr®-benzoylp-D-glucopyranose 6p) [26] were prepared fromi4 by 4-step
reactions using the literature method [25].

Non-radioactive compounds were identified by ‘Hband**C NMR, 2D*H-'H COSY using a
JNM-ECA600 (JEOL, Tokyo, Japan), and high-resoluft®B mass spectroscopy using a JMS-GCmate
Il (JEOL, Tokyo, Japan) with sodium doping.

Heparinized rabbit blood (New Zealand White) wataoted from Rockland Immunochemicals,
Inc. (Limerick, PA, USA).

No-carrier-addedfF]fluoride was produced by proton irradiation'8®-enriched water (Taiyo
Nippon Sanso, Tokyo, Japan) using an HM-18 cycito{@umitomo Heavy Industries, Tokyo, Japan), a
BC168 Baby-cyclotron (The Japan Steel works, Ltukyb, Japan), and an HM-20 cyclotron (Sumitomo

Heavy Industries). A Hybrid-type Synthesizer (JRtgiBeering Corporation) or F100 (Sumitomo Heavy



Industries) was used as the automated synthe3izerRCCs were determined by silica gel TLC (Merck
0.2 mm 60kss on aluminum sheet). The ratio 8iF-labeled compounds on TLC was determined by
recording the scanning values of exposed BAS P20 E imaging plate (GE Healthcare Japan, Tokyo,

Japan) with an FLA-7000 imaging analyzer (Fujifilfokyo, Japan).

4.2 1,2:5,6-di-O-isopropylidene-3-O-trifluoromethanesul fonyl -a-D-glucofuranose (3)

3 was prepared by a 1-step reaction using a litexanethod [27] as followst4 (1042 mg, 4
mmol) and pyridine (1249L, 15.5 mmol) were dissolved in GEI, (83 mL), and the mixture was
cooled to —17 °C. Trifluoromethanesulfonic anhydr{@08uL, 4.8 mmol) was added to the solution, and
the mixture was stirred for 4.5 h. The reaction toni@ was poured to mixture of ice (20 g) and satara
aqueous NaHC®O(20 mL), and the mixture was extracted with CH (50 mLx2). The combined
organic layer was dried over p&0,, and the mixture was filtered. The filtrate wasioentrated under
reduced pressure at <37 °C, and pyridine was aymoally removed by toluene (100 mLx3). The
residue was dissolved in hexane (160 mL), and sapent was filtered. The filtrate was concentrated
under reduced pressure at <37 33,1548 mg, 99%) was obtained: colorless powder;7@gFC (dec.,
from hexane; lit. 70.0 °C from light petroleum [27JH NMR (600 MHz, CDGJ): § 5.99 (d, 1HJ=4.1
Hz, H-1), 5.26 (d, 1HJ=2.1 Hz, H-3), 4.77 (d, 1HI=4.1 Hz, H-2), 4.23-4.18 (m, 2H, H-4 and H-5), 4.15

(dd, 1H,J=8.9, 5.5 Hz, H-6a), 3.97 (dd, 1B+8.9, 4.1 Hz, H-6b), 1.52 (s, 3H, Me), 1.43 (s, L),



1.34 (s, 3H, Me), 1.33 (s, 3H, Me).

4.3 1,2,4,6-Tetra-O-acetyl -3-O-trifluoromethanesul fonyl - 5-D-glucopyranose (4a)

6a (699 mg, 2 mmol) and pyridine (64&%, 8 mmol) were dissolved in GBI, (40 mL), and the
mixture was cooled to —17 °C. Trifluoromethanesuifoanhydride (673iL, 4 mmol) was added to the
solution, and the mixture was heated to room teatpez (rt) and stirred for 30 min. After cooling to
—-17 °C, water (40 mL) was added to the reactiontum& and the mixture was extracted with, CH (40
mLx3). The combined organic layer was dried overS@, and the mixture was filtered. The filtrate was
concentrated under reduced pressure, and pyridaseareotropically removed by toluene (100 mLx3).
The residue was separated by silica gel (48 gh tatumn chromatography (eluent: hexane/AcOEt=3:1),
and the separated fraction was concentrated uedeced pressure. After the residue was recrysdlliz
from AcOEt (5 mL)-hexane (45 mL}a (896 mg, 93%) was obtained: colorless needles8488 °C
(dec., from AcOEt-hexanefH NMR (600 MHz, CDCJ): § 5.71 (d, 1H,J=8.3 Hz, H-1), 5.323 (t, 1H,
J=9.7 Hz, H-4), 5.318 (dd, 1H=9.7, 8.3 Hz, H-2), 5.05 (t, 1H=9.7 Hz, H-3), 4.28 (dd, 1H=12.6, 4.3
Hz, H-6a), 4.13 (dd, 1HI=12.6, 2.3 Hz, H-6b), 3.82 (ddd, 18£9.7, 4.3, 2.3 Hz, H-5), 2.13 (s, 3H, Ac),
2.12 (s, 3H, Ac), 2.11 (s, 3H, Ac), 2.10 (s, 3H,)ACC NMR (150 MHz, CDG)): § 170.53, 168.94,
168.76, 168.68, 118.23 (d=319.3 Hz), 91.44, 84.07, 72.52, 69.15, 66.83, §12D.71, 20.67, 20.39,

20.33; HRMS (FAB): calculated 503.0447 fogs81401.FsS [M+Na]’, found 503.0442; IR (KBr, ci):



1755, 1210.

4.4 1,2,4,6-Tetra-O-benzoyl - 3-O-trifl uoromethanesul fonyl - 5-D-glucopyranose (4b)

6b (596 mg, 1 mmol) and pyridine (19&., 2.4 mmol) were dissolved in GBI, (3 mL) and
cooled to —17 °C. Trifluoromethanesulfonic anhydr{@02uL, 1.2 mmol) was added to the solution, and
trhen the mixture was heated to rt and stirredLfor After cooling to —17 °C, saturated aqueous @kl
(10 mL) was added to the reaction mixture, andntingure was extracted with GBI, (20 mLx3). The
combined organic layer was washed with water (10 and dried over N&O,. The mixture was then
filtered, and the filtrate was concentrated undeduced pressure, after which the pyridine was
azeotropically removed by toluene (20 mLx4). Thseidee was recrystallized from i-PrOH (20 mL),
yielding 4b (626 mg, 86%): colorless powder; mp 130131 °@(deom i-PrOH):*H NMR (600 MHz,
CDCL): & 8.06—-7.99 (m, 8H, Ph), 7.59 (t, 1857.6 Hz, Ph), 7.57—7.51 (m, 3H, Ph), 7.46—7.37 §hh,
Ph), 6.20 (d, 1HJ=8.2 Hz, H-1), 5.92 (dd, 1HI=9.6, 8.2 Hz, H-2), 5.88 (t, 1H=9.6 Hz, H-4), 5.54 (t,
1H, J=9.6 Hz, H-3), 4.65 (dd, 1H=12.4, 3.5 Hz, H-6a), 4.46 (dd, 1B£12.4, 4.8 Hz, H-6b), 4.31 (ddd,
1H, J=9.6, 4.8, 3.5 Hz, H-5)**C NMR (150 MHz, CDGJ): § 165.99, 164.64 (2C), 164.39, 134.08,
133.97, 133.85, 133.22, 130.25 (2C), 130.08 (229,99 (2C), 129.82 (2C), 129.32, 128.61 (4C), 128.5
(2C), 128.39 (2C), 128.21, 128.18, 128.04, 118d)&=320.8 Hz), 92.31, 84.06, 72.74, 69.85, 68.22,

62.25; HRMS (FAB): calculated 751.1073 fogs8,701,FsS [M+Na]’, found 751.1063; IR (KBr, cil:



1737, 1267.

45 1,2,3,4-Tetra-O-acetyl-6-O-triphenylmethyl-5-D-allopyranose (9a)

Triphenylmethyl chloride (15.336 g, 55 mmol) wakled to D-allose?) (9.021 g, 50 mmol),
which was suspended in pyridine (100 mL), the mixtwas stirred at 40 °C for 5 days. The reaction
mixture was cooled to rt, and acetic anhydride§3i7L, 400 mmol) was added, after which the mixture
was stirred at rt for 6 days. The reaction mixtwees cooled to 0 °C, and water (100 mL) was added to
the mixture, which was extracted with CHQL00 mLx3). The combined organic layer was drigdro
NaSQy, and the mixture was filtered. The filtrate was)eentrated under reduced pressure, and the
pyridine was azeotropically removed by toluene (l0<4). The residue was separated by silica gel (50
g) column chromatography (eluent: &H,/AcOEt=9:1), and the separated fraction was comatat
under reduced pressure. After the residue was staliyed from toluene9a (18.426 g, 62%) was
obtained: colorless prisms; mp 216-217 °C (fromeak);*H NMR (600 MHz, CDCY): § 7.43 (dd, 6H,
J=7.8, 1.3 Hz, Ph), 7.28 (t, 6H=7.8 Hz, Ph), 7.22 (dt, 3H=7.8, 1.3 Hz, Ph), 6.01 (d, 1H=8.6 Hz,
H-1), 5.71 (t, 1HJ=2.9 Hz, H-3), 5.23 (dd, 1HI=10.2, 2.9 Hz, H-4), 5.08 (dd, 1858.6, 2.9 Hz, H-2),
4.06 (ddd, 1HJ=10.2, 3.7, 2.2 Hz, H-5), 3.39 (dd, 18£10.6, 2.2 Hz, H-6a), 3.03 (dd, 1B£10.6, 3.7
Hz, H-6b), 2.16 (s, 3H, Ac), 2.11 (s, 3H, Ac), 283 3H, Ac), 1.75 (s, 3H, Ac)*C NMR (150 MHz,

CDCl): 5 169.87, 169.33, 169.12, 168.76, 143.58 (3C), TR86L), 127.79 (6C), 127.01 (3C), 90.36,



86.42, 72.36, 68.49, 68.32, 66.04, 61.54; HRMS (FAflculated 613.2050 for 334010 [M+Na]",

found 613.2040; IR (KBr, cif): 1757, 1221.

4.6 1,2,3,4-Tetra-O-acetyl-f-D-allopyranose (10a)

10% Pd/C (21.291 g) was suspended in 1,2-dichibape (360 mL), an®a (11.813 g, 20
mmol) was solved to the suspension. Then, 98% foanid (40 mL) was added, and the mixture was
stirred at rt for 3 h. Then, the reaction mixturaswfiltered by Celite and washed with CHCThe
combined filtrate was concentrated under reducesssore, and the formic acid was azeotropically
removed by toluene (40 mLx3). The residue was sépadr by silica gel (118.1 g) column
chromatography (eluent: hexane/AcOEt=1:2), andr afte separated fraction was concentrated under
reduced pressuréfa (6.713 g, 96%) was obtained: colorless prisms:12-123 °C (from MeOH)*H
NMR (600 MHz, CDCJ): & 6.02 (d, 1H,J=8.6 Hz, H-1), 5.73 (t, 1HJ=3.0 Hz, H-3), 5.03 (dd, 1H,
J=10.3, 3.0 Hz, H-4), 4.97 (dd, 1H=8.6, 3.0 Hz, H-2), 4.06 (ddd, 1H=10.3, 4.3, 2.3 Hz, H-5), 3.79
(ddd, 1H,J=12.6, 6.9, 2.3 Hz, H-6a), 3.59 (ddd, 1H12.6. 6.9, 4.3 Hz, H-6b), 2.19 (t, 1B56.9 Hz,
OH), 2.17 (s, 3H, Ac), 2.13 (s, 3H, Ac), 2.04 (kl, 3\c), 2.02 (s, 3H, Ac)**C NMR (150 MHz, CDGJ):

8 169.88, 169.61, 169.41, 169.09, 90.10, 73.29,%88.29, 65.77, 61.00, 20.93, 20.70, 20.60, 20.54;
HRMS (FAB): calculated 317.0954 for{E,0010 [M+Na]*, found 371.0949; IR (KBr, ci): 3589, 3507,

1750, 1225.



4.7 1,2,3,4-Tetra-O-acetyl-6-O-trifluoromethanesul fonyl-5-D-all opyranose (5a)

10a (349 mg, 1 mmol) and 2,6-lutidine (468, 4 mmol) were dissolved in GBI, (20 mL), and
the mixture was cooled to 0 °C. Trifluoromethangmit anhydride (337.L, 2 mmol) was added to the
solution, and the mixture was stirred at O °C fdr. Water (20 mL) was added to the reaction mixture
and the mixture was extracted with &Hb (20 mLx3). The combined organic layer was drie@rov
NaSQy, and the mixture was filtered. The filtrate washeentrated under reduced pressure, and the
2,6-lutidine was azeotropically removed by toluéb@ mLx4). The residue was separated by silica gel
(24 g) flash column chromatography (eluent: hexao®Et=2:1), and the separated fraction was
concentrated under reduced pressure. After thduesvas recrystallized from AcOEt (0.8 mL)-hexane
(7.2 mL),5a (419 mg, 87%) was obtained: colorless needles8inB2 °C (dec., from AcOEt-hexane);
'H NMR (600 MHz, CDGJ): § 6.02 (d, 1HJ=8.6 Hz, H-1), 5.76 (t, 1HJ=2.9 Hz, H-3), 5.00 (dd, 1H,
J=8.6, 2.9 Hz, H-2), 4.96 (dd, 18510.3, 2.9 Hz, H-4), 4.59 (dd, 1B511.2, 2.3 Hz, H-6a), 4.55 (dd, 1H,
J=11.2, 4.4 Hz, H-6b), 4.31 (ddd, 18£10.3, 4.4, 2.3 Hz, H-5), 2.18 (s, 3H, Ac), 2.133d, Ac), 2.04 (s,
3H, Ac), 2.03 (s, 3H, Ac)*C NMR (150 MHz, CDGJ): 5 169.64, 169.14, 168.89, 168.85, 118.41 (q,
J-=319.3 Hz), 89.88, 73.21, 70.23, 67.89, 67.77, B520.79, 20.63, 20.48, 20.38; HRMS (FAB):
calculated for 503.0447 16H1601,FsS [M+Na]', found 503.0442; IR (KBr, cif): 1755, 1744, 1245,

1212.



4.8 1,2,3,4-Tetra-O-benzoyl-5-D-all opyranose (10b)

Triphenylmethyl chloride (1 g, 3.6 mmol) and CH@® mL) were added té (540 mg, 3 mmol),

which was suspended in pyridine (3 mL), and mixtwaes stirred at 40 °C for 3 days. The reaction

mixture was cooled to rt, and benzoyl chloride (@2, 19 mmol) was added. The mixture was stirred at

rt for 1 h and then cooled to 0 °C, after which (@@ g) and iced water (20 mL) were added to the

mixture. Then, the mixture was extracted with CHQ5 mLx3). The combined organic layer was

washed with water (15 mLx2) and saturated aquealsQ®; (15 mLx1). The resulting organic layer

was then dried over N&80O,, and then the mixture was filtered. The filtratasnmconcentrated under

reduced pressure, and the pyridine was azeotrbpiahoved by toluene (50 mLx2). The residue was

dissolved in dichloromethane (30 mL), and Fe@H0O (1.6 g, 6 mmol) was added to the mixture, after

which the mixture was stirred at rt for 1 day. Wa¢0 mL) and CHG (10 mL) were added to the

reaction mixture, and the organic layer was sepdrand extracted with CHELI(20 mLx2). The

combined organic layer was washed with saturatace@es NaHC® (20 mLx1), and the resulting

organic layer was dried over p&0,. The mixture was filtered, and the filtrate wasicentrated under

reduced pressure. The residue was separated log giél (90 g) column chromatography (eluent:

hexane/AcOEt=3:1), and the separated fraction wasentrated under reduced pressure. After the

residue was recrystallized from MeOR)b (395 mg, 22%) was obtained: colorless prisms; 18p-1



182 °C (from MeOH)*H NMR (600 MHz, CDC}): & 8.10 (d, 2H,J=7.6 Hz, Ph), 8.05 (d, 2H=7.6 Hz,
Ph), 7.88 (d, 2HJ=7.6 Hz, Ph), 7.84 (d, 2H=7.6 Hz, Ph), 7.67 (t, 1H=7.6 Hz, Ph), 7.57—7.50 (m, 4H,
Ph), 7.46 (t, 1HJ=7.6 Hz, Ph), 7.42 (t, 2HI=7.6 Hz, Ph), 7.35 (t, 2HI=7.6 Hz, Ph), 7.28 (t, 2HI=7.6

Hz, Ph), 6.61 (d, 1H]=8.9 Hz, H-1), 6.33 (t, 1H]=2.8 Hz, H-3), 5.70 (dd, 1H=8.9, 2.8 Hz, H-2), 5.56
(dd, 1H,J=9.6, 2.8 Hz, H-4), 4.51 (ddd, 1859.6, 4.8, 2.1 Hz, H-5), 3.95 (ddd, 18£12.4, 5.5, 2.1 Hz,
H-6a), 3.76 (ddd, 1HJ)=12.4, 5.5, 4.8 Hz, H-6b), 2.50 (t, 1855.5 Hz, OH);™*C NMR (150 MHz,
CDCly): 5 165.34 (2C), 165.10, 164.82, 133.91, 133.70, #33.83.45, 130.15 (2C), 129.87 (2C), 129.81
(4C), 129.29, 128.79 (3C), 128.72, 128.57 (2C),.328128.49 (2C), 128.40 (2C), 91.35, 74.12, 69.48,
68.91, 66.68, 61.25; HRMS (FAB): calculated 619038 GsH»s010 [M+Na]*, found 619.1572; IR

(KBr, cm'): 3491, 1733, 1267.

4.9 1,2,3,4-Tetra-O-benzoyl -6-O-trifluoromethanesul fonyl - 5-D-allopyranose (5b)

10b (1194 mg, 2 mmol) and 2,6-lutidine (92E, 8 mmol) were dissolved in GBI, (40 mL),
and the mixture was cooled to 0 °C. Trifluorometmsuifonic anhydride (673L, 4 mmol) was added to
the solution and stirred at 0 °C for 1 h. Water (@0 was added to the reaction mixture, and thetumnex
was extracted with Ci€l, (40 mLx3). The combined organic layer was drieéroMaSQO,, and the
mixture was filtered. The filtrate was concentratgttler reduced pressure, and the 2,6-lutidine was

azeotropically removed by toluene (100 mLx4). Tasidue was separated by silica gel (72.9 g) flash



column chromatography (eluent: gEl,), and the separated fraction was concentratedrumedieiced
pressure. After the residue was recrystallized f@HCl, (4 mL)-hexane (16 mLBb (1398 mg, 96%)
was obtained: colorless powder; mp 102-104 °C (desm CHCl,-hexane);'H NMR (600 MHz,
CDCly): & 8.07 (dd, 2H,J=8.3, 1.2 Hz, Ph), 8.05 (dd, 2B&8.3, 1.2 Hz, Ph), 7.87 (dd, 2B&8.3, 1.2 Hz,
Ph), 7.84 (dd, 2H]=8.3, 1.2 Hz, Ph), 7.67, (tt, 1857.5, 1.2 Hz, Ph), 7.59-7.52 (m, 4H, Ph), 7.461(t,
J=7.5, 1.2 Hz, Ph), 7.44 (dd, 2B&8.3, 7.5 Hz, Ph), 7.37 (dd, 2B&8.3, 7.5 Hz, Ph), 7.28 (dd, 2B£8.3,
7.5 Hz, Ph), 6.63 (d, 1H=8.5 Hz, H-1), 6.36 (t, 1H]=3.0 Hz, H-3), 5.72 (dd, 1H=8.5, 3.0 Hz, H-2),
5.51 (dd, 1H,J=10.3, 3.0 Hz, H-4), 4.76 (ddd, 1B510.3, 5.1, 2.3 Hz, H-5), 4.75 (dd, 18%11.4, 2.3 Hz,
H-6a), 4.69 (dd, 1HJ=11.4, 5.1 Hz, H-6b)**C NMR (150 MHz, CDGCJ): § 165.14, 164.81, 164.66,
164.63, 134.00, 133.86, 133.83, 133.54, 130.17,(229.82 (4C), 129.80 (2C), 129.02, 128.86 (2C),
128.65, 128.62 (2C), 128.57 (2C), 128.42 (2C), 3282C), 118.50 (q=320.1 Hz), 91.04, 73.34, 71.05,
68.90, 68.48, 66.46; HRMS (FAB): calculated 751363 CssH,70:12FsS [M+NaJ', found 751.1063; IR

(KBr, cm™): 1731, 1261.

410  1,2,4,6-Tetra-O-acetyl-3-deoxy-3-fluoro-f-D-allopyranose (11a)
6a (697 mg, 2 mmol) was dissolved in &, (6 mL) and cooled to -17 °C, and then
(diethylamino)sulfur trifluoride (158%L, 12 mmol) was added to the solution at —17 °Ce Tinxture

was heated to rt and stirred for 14 days. The i@achixture was cooled to —17 °C again, and sadarat



aqueous NaHC€X(10 mL) was added to the mixture. The mixture Wwaated to rt and stirred for 2 h. The
reaction mixture was extracted with CH@B0 mLx3), and the combined organic layer wasdioeer
NaSOQy. The mixture was filtered, and the filtrate wasicentrated under reduced pressure. The residue
was separated by silica gel (35 g) column chromafdyy (eluent: hexane/AcOEt=1:1), and after the
separated fraction was concentrated under reduesdyre,l1a (106 mg, 15%) was obtained: colorless
prisms; mp 86—87 °C (from MeOH)4 NMR (600 MHz, CDCJ): 6 6.02 (d, 1H,J=8.6 Hz, H-1), 5.15 (dt,
1H, J.=53.6 Hz,J=2.1 Hz, H-3), 4.94 (ddd, 1H=27.0 Hz,J=10.2, 2.1 Hz, H-4), 4.93 (ddd, 1B1=27.4
Hz, J=8.6, 2.1 Hz, H-2), 4.33 (dd, 1Kd+12.4, 4.1 Hz, H-6a), 4.23 (ddd, 18£10.2, 4.1, 1.9 Hz, H-5),
4.18 (dd, 1HJ=12.4, 1.9 Hz, H-6b), 2.133 (s, 3H, Ac), 2.1283H, Ac), 2.121 (s, 3H, Ac), 2.09 (s, 3H,
Ac); *C NMR (150 MHz, CDGJ)): & 170.65, 169.45, 169.38, 168.99, 89.73 4.3 Hz), 87.58 (d,
Jr=183.5 Hz), 70.39 (dJ==2.9 Hz), 68.99 (dJ-=17.3 Hz), 66.40 (dJe=17.4 Hz), 61.71, 20.88, 20.74,
20.63 (2C); HRMS (FAB): calculated 373.0911 fouldsOsF [M+Na]", found 373.0906; IR (KBr, ci):

1764, 1747, 1737, 1243, 1234, 1209.

411 1,2,4,6-Tetr a-O-benzoyl - 3-deoxy- 3-fluoro-f-D-allopyranose (11b)
6b (596 mg, 1 mmol) was dissolved in &, (3 mL) and cooled to -17 °C, and
(diethylamino)sulfur trifluoride (528L, 4 mmol) was added to the solution at —17 °C. frheture was

heated to rt and stirred for 9 days. Then, theti@aenixture was cooled to —17 °C again, and s&tagra



aqueous NaHC®O(10 mL) was added. The resulting mixture was hieabert and stirred for 2 h. The
reaction mixture was then extracted with CEH(@0 mLx3), and the combined organic layer wasdlrie
over NaSQ,. The mixture was filtered, and the filtrate wasi@entrated under reduced pressure. The
residue was separated by silica gel (18 g) colunmarnatography (eluent: hexane/AcOEt=9:1), and after
the separated fraction was concentrated under eddpeessurellb (304 mg, 51%) was obtained:
colorless powder; mp 151-152 °C (from MeOMy; NMR (600 MHz, CDCJ): § 8.10-8.00 (m, 8H, Ph),
7.59 (t, 1H,J=7.6 Hz, Ph), 7.57-7.52 (m, 3H, Ph), 7.46-7.388§hh, Ph), 6.55 (d, 1H}=8.2 Hz, H-1),
5.55 (ddd, 1HJ-=27.5 Hz,J=8.2, 2.1 Hz, H-2), 5.51 (dt, 1H;=51.5 Hz,J=2.1 Hz, H-3), 5.48 (ddd, 1H,
Jr=28.8 Hz,J=10.3, 2.1 Hz, H-4), 4.74-4.68 (m, 2H, H-5 and H;@a52 (dd, 1H,)=12.4, 4.8 Hz, H-6b);
%C NMR (150 MHz, CDGJ): & 166.09, 165.08, 165.01, 164.67, 133.78 (2C), 13183.15, 130.13
(2C), 129.97 (4C), 129.79 (2C), 129.52, 128.72,.628128.57 (2C), 128.51 (3C), 128.48 (2C), 128.37
(2C), 90.67 (dJ-=2.9 Hz), 88.04 (dJ-=185.0 Hz), 70.75 (d}=2.9 Hz), 69.50 (dJ==15.9 Hz), 67.66 (d,
Je=17.3 Hz), 62.82; HRMS (FAB): calculated 621.1587 €34H,70oF [M+Na]*, found 621.1530; IR

(KBr, cm™): 1728, 1272.

412  3-Deoxy-3-fluoro-D-allose (3FDA: 1)
11b (121 mg, 0.2 mmol) was dissolved in 1,4-dioxan@ 1fa.), and 0.2 mol/L agueous NaOH

(10 mL) was added to the solution. The mixture atased at rt for 2 h, and then 0.2 mol/L aqueo@ H



(12 mL) was added. The resulting mixture was cotraged under reduced pressure, and then 3FDA (27
mg, 75%) was separated by preparative HPLC (Coliakarai Cosmosil Sugar-D, 20 mmI.D.x20+250
mm, eluent: CHCN/H,0=3:1, flow rate: 10 mL/min) with RI-2031 refractivindex detector (JASCO,
Tokyo, Japan).

B-Pyranose form (ca. 90% equilibrium ratio in@ of 3FDA (3-deoxy-3-f|uoch-D-aIIopyranose).1H
NMR (600 MHz, DO): § 4.87 (dt, 1HJ=53.5 Hz,J=2.1 Hz, H-3), 4.77 (d, 1HI=8.3 Hz, H-1), 3.74 (dd,
1H, J=12.3, 2.0 Hz, H-6a), 3.66 (ddd, 18£10.1, 5.4, 2.0 Hz, H-5), 3.60 (ddd, 14=29.1 Hz,J=10.1,
2.1 Hz, H-4), 3.57 (dd, 1H=12.3, 5.4 Hz, H-6b), 3.37 (ddd, 1Bk=30.1 Hz, J=8.3, 2.1 Hz, H-2)°C
NMR (150 MHz, BO): § 93.58, 93.38 (dJ=173.4 Hz), 73.74, 70.39 (d;=15.8 Hz), 65.86 (dJ-=17.4
Hz), 60.82.

a-Pyranose form (ca. 10% equilibrium ratio in@ of 3FDA (3-deoxy-3-fluorar-D-allopyranose)*H
NMR (600 MHz, DO): § 5.08 (d, 1HJ=4.4 Hz, H-1), 4.85 (dt, 1H]e=54.4 Hz,J=2.4 Hz, H-3), 3.86
(ddd, 1H,J=10.5, 5.0, 2.2 Hz, H-5), 3.73 (dd, 1B£12.2, 5.0 Hz, H-6a), 3.68 (dd, 1B512.2, 2.2 Hz,
H-6b), 3.67 (ddd, 1HJ=28.1 Hz, J=4.4, 2.4 Hz, H-2), 3.67-3.56 (m, overlapped witbalp of
B-pyranose form according t#i-'H COSY, H-4);**C NMR (150 MHz, BO): § 92.59 (d,J==176.3 Hz),
91.29, 66.723 (dJ==15.9 Hz), 66.718, 65.12 (d:=18.8 Hz), 60.49.

HRMS (FAB): calculated 205.0488 foil8,,0sF [M+Na]", found 205.0484.



413  1,2,3,4-Tetra-O-acetyl-6-deoxy-6-fluoro-4-D-allopyranose (12a)

10a (2.704 g, 7.75 mmol) was dissolved in &1 (23.3 mL) and cooled to -17 °C, and
(diethylamino)sulfur trifluoride (5 g, 31 mmol) waslded to the solution at =17 °C. The mixture was
heated to rt and stirred for 20 h. The reactiontanexwas cooled to —17 °C again, and saturatedcague
NaHCQ; (100 mL) was added. The resulting mixture was dwkébd rt and stirred for 1 h. The reaction
mixture was then extracted with CHQB0 mLx3), and the combined organic layer wasdiager
NaSQy. The mixture was filtered, and the filtrate wasicentrated under reduced pressure. The residue
was separated by silica gel (135.8 g) column chtography (eluent:. hexane/AcOEt=1:2), and after the
separated fraction was concentrated under reduessyre12a (574 mg, 21%) was obtained: colorless
prisms; mp 119-120 °C (from MeOHH NMR (600 MHz, CDCJ): & 6.02 (d, 1H,J=8.6 Hz, H-1), 5.75
(t, 1H,J=2.9 Hz, H-3), 5.04 (dd, 1HI=10.3, 2.9 Hz, H-4), 5.00 (dd, 15=8.6, 2.9 Hz, H-2), 4.56 (ddd,
1H, Je=47.5 Hz,J=10.6, 2.0 Hz, H-6a), 4.47 (ddd, 18#=46.9 Hz,J=10.6, 3.6 Hz, H-6b), 4.19 (dddd, 1H,
Jr=24.9 Hz,J=10.3, 3.6, 2.0 Hz, H-5), 2.17 (s, 3H, Ac), 2.1338!, Ac), 2.03 (s, 3H, Ac), 2.02 (s, 3H,
Ac); *C NMR (150 MHz, CDGCJ): § 169.79, 169.32, 168.99, 168.95, 90.00, 80.93)d174.9 Hz),
71.72 (d,J=18.8 Hz), 68.16, 68.02, 65.30 (#=7.3 Hz), 20.90, 20.66, 20.51 (2C); HRMS (FAB):

calculated 373.0911 for;@H:9600F [M+Na]*, found 373.0906; IR (KBr, ciy: 1755, 1222.

414  1,2,3,4-Tetra-O-benzoyl-6-deoxy-6-fluoro-f-D-allopyranose (12b)



10b (418 mg, 0.7 mmol) was dissolved in &H, (1.4 mL) and cooled to -17 °C, and
(diethylamino) sulfur trifluoride (37@L, 2.8 mmol) was added to the solution at —17 °@e Tixture
was heated to rt and stirred for 1 day. The reactioxture was then cooled to —-17 °C again, and
saturated aqueous NaHg(@0 mL) was added. The resulting mixture was ltetdat and stirred for 2 h.
The reaction mixture was then extracted with CH@D mLx3), and the combined organic layer was
dried over NaSQ,. The mixture was filtered, and the filtrate was@entrated under reduced pressure.
The residue was separated by silica gel (21 g)naolahromatography (eluent: hexane/AcOEt=9:1), and
after the separated fraction was concentrated umdleiced pressurézb (137 mg, 33%) was obtained:
colorless powder; mp 119-120 °C (from MeORH; NMR (600 MHz, CDCJ): & 8.07 (d, 2HJ=7.6 Hz,
Ph), 8.06 (d, 2HJ=7.6 Hz, Ph), 7.89 (d, 2H=7.6 Hz, Ph), 7.84 (d, 2H=7.6 Hz, Ph), 7.66 (t, 1H=7.6
Hz, Ph), 7.58-7.51 (m, 4H, Ph), 7.46 (t, IH7.6 Hz, Ph), 7.43 (t, 2H=7.6 Hz, Ph), 7.36 (t, 2H=7.6
Hz, Ph), 7.28 (t, 2H}=7.6 Hz, Ph), 6.63 (d, 1H=8.3 Hz, H-1), 6.35 (t, 1HI=2.8 Hz, H-3), 5.73 (dd, 1H,
J=8.3, 2.8 Hz, H-2), 5.58 (dd, 1H=10.3, 2.8 Hz, H-4), 4.710 (dd, 1H:=47.4 Hz,J=4.1 Hz, H-6a),
4.707 (dd, 1HJ=49.4 Hz,J=2.1 Hz, H-6b), 4.60 (dddd, 1H=21.3 Hz,J=10.3, 4.1, 2.1 Hz, H-5)"‘,3C
NMR (150 MHz, CDCY): 6 165.21, 164.99, 164.72, 164.67, 133.90, 133.73.,603 133.45, 130.19 (2C),
129.80 (6C), 129.22, 128.78 (4C), 128.55 (2C), 328128.48 (2C), 128.40 (2C), 91.23, 81.13 (d,
J=176.3 Hz), 72.51 (dJ=18.8 Hz), 69.15, 68.65, 66.10 (&=7.2 Hz); HRMS (FAB) calculated

621.1537 for GuH70oF [M+Na]", found 621.1529: IR (KBr, cif): 1734, 1263.



415  6-Deoxy-6-fluoro-D-allose (6FDA: 2)

12b (60 mg, 0.1 mmol) was dissolved in 1,4-dioxané (L), and then 0.6 mol/L aqueous
NaOH (1 mL) was added to the solution. The mixtues stirred at rt for 1.5 h, and then 1 mol/L agiseo
CH3;COH (1.2 mL) was added to the reaction mixture. Thgtune was concentrated under reduced
pressure, after which the GEIO,H was azeotropically removed by water (5 mLx2). Tésulting residue
was dissolved in water (5 mL), and the mixture Wisred by a syringe filter (pore size: 0.4%). The
filtrate was concentrated under reduced pressuack 6&DA (7.7 mg, 42%) was purified by preparative
HPLC (Column: Nakarai Cosmosil 5£PAQ, 20 mmI.D.x50+250 mm, eluent: @EN/H,0=3:1, flow
rate: 10 mL/min) with an RI-2031 refractive indestector (JASCO, Tokyo, Japan).
B-Pyranose form (ca. 83% equilibrium ratio in@ of 6FDA (6-deoxy-6-f|uoch-D-aIIopyranose).1H
NMR (600 MHz, DO): 6 4.81 (d, 1HJ=8.2 Hz, H-1), 4.60 (ddd, 1H=47.5 Hz,J=11.0, 2.0 Hz, H-6a),
4.56 (ddd, 1HJe=47.5 Hz,J=11.0, 4.1 Hz, H-6b), 4.09 (t, 1H=2.8 Hz, H-3), 3.64 (dd, 1H=10.3, 2.8
Hz, H-4), 3.82 (dddd, 1HJ=27.5 Hz,J=10.3, 4.1, 2.0 Hz, H-5), 3.32 (dd, 188.2, 2.8 Hz, H-2)°C
NMR (150 MHz, BO): & 93.65, 82.89 (dJ==167.6 Hz), 72.25 (d)=17.3 Hz), 71.17, 71.07, 65.75 (d,
J=5.8).
a-Pyranose form (ca. 17% equilibrium ratio in@ of 6FDA (6-deoxy-6-fluorar-D-allopyranose)*H

NMR (600 MHz, BO): § 5.06 (d, 1HJ=4.1 Hz, H-1), 4.60 (ddd, 1H=47.5 Hz,J=11.0, 2.0 Hz, H-6a),



4.56 (ddd, 1HJ=47.5 Hz,J=11.0, 4.1Hz, H-6b), 4.09 (t, 1H=2.8 Hz, H-3), 4.00 (dddd, 1H=21.3
Hz, J=10.3, 4.1, 2.0 Hz, H-5), 3.64 (dd, 18510.3, 2.8 Hz, H-4), 3.61 (t, 1H52.8 Hz, H-2):**C NMR
(150 MHz, DO): § 93.06, 82.89 (dJ-=167.6 Hz), 71.61, 66.97, 65.93 (#=17.3 Hz), 65.19 (dJ==5.8
Hz).

HRMS (FAB): calculated 205.0488 foil8,,0sF [M+Na]", found 205.0485.

416  General procedures for synthesis of 3-deoxy-3-['®F]fluoro-D-allose ([*°F] 3FDA: [*®*F]1) and
6-deoxy-6-[ *°F] fluoro-D-allose ([*®F] 6FDA: [*°F]2) from 4a and 5a, respectively, by manual operation
synthesis

In total, 50—60 MBq of no-carrier-addetfff|fluoride in water (ca. 1 mL) was adsorbed to a
Waters Sep-Pak Accell Plus QMA Plus Light Cartridggbich was activated by 1 mol/L aqueousCiO;
(10 mL) and water (30 mL). Thé®Ffluoride was desorbed by a mixture ofGO; (17 pmol), cryptand
222 (34umol), water (0.2 mL), and GJEN (0.7 mL). The eluent was concentrated by heaongs °C
with N, flowing. CH;CN (1 mL) was added to the residue and azeotrdpidaled by heating to 85 °C
with N flowing. A CH;CN (1 mL) solution o#da (20 mg, 42umol) or5a (20 mg, 42umol) was added to
the residue and stirred at 85 °C for 5 min, and
1,2,4,6-tetra@-acetyl-3-deoxy-3-fF]fluoro-p-D-allopyranose fr111a) or

1,2,3,4-tetra@-acetyl-6-deoxy-6-fF]fluoro-p-D-allopyranose (fF]12a) was obtained at 88% or 90%



RCC, respectively, determined by silica gel TLC; (R60 for {®F]1la, 0.58 for {®F]12a, eluent:
hexane/AcOEt=1:1), determined using authentic ramleactive samples oflla or 12a. After
concentration by heating to 85 °C with, lowing and cooling to rt, the residue was dissolvn
tetrahydrofuran (1 mL), and then 0.3 mol/L agueNa®H (1 mL) was added to the solution, the mixture
was shaken, and it stood at rt for 5 min. Then 1/lmaqueous CHCO,H (0.5 mL) was added to the
reaction mixture, and*jF]3FDA or ['*F]6FDA was obtained at 75% or 69% RCC, respectjvaly
determined by silica gel TLC ¢®.38 for [*F]3FDA, 0.38 for {°F]6FDA, eluent: CHGYMeOH=2:1)
using authentic non-radioactive samples of 3FDARIDA. After concentration by heating to 85 °C with
N, flowing, [**F]3FDA or [°F]6FDA was separated by semi-preparative HPLC (@atuNakarai
Cosmosil Sugar-D, 10 mml.D.x20+250 mm, eluent:3CN/H,0=3:1, flow rate: 2 mL/min, retention
time: 13.9 min for °F]3FDA, 11.1 min for °F]6FDA) with PD1A radio-detector (UNIVERSAL GIKEN,

Kanagawa, Japan).

417  General procedures for synthesis of [*®F] 3FDA and [*®F] 6FDA from 4b and 5b, respectively, by
manual operation synthesis

In total, 50—60 MBq of no-carrier-addetfff|fluoride in water (ca. 1 mL) was adsorbed to a
Waters Sep-Pak Accell Plus QMA Plus Light Cartridggbich was activated by 1 mol/L aqueousCiO;

(10 mL) and water (30 mL). Thé®F]Fluoride was desorbed by a mixture ofdQ; (17 pmol), cryptand



222 (34umol), water (0.2 mL), and GIEN (0.7 mL). The eluent was concentrated by heaongs °C
with N, flowing. CH;CN (1 mL) was added to the residue and azeotrdpidaled by heating to 85 °C
with N, flowing. After a CHCN (3 mL) solution o#db (30 mg, 42umol) or5b (30 mg, 42umol) was
added to the residue and the mixture was stired & °C for 5 min
1,2,4,6-tetra@-benzoyl-3-deoxy-3*fF]fluoro-3-D-allopyranose (fr111b) or
1,2,3,4-tetra@-benzoyl-6-deoxy-62fF]fluoro-p-D-allopyranose {fF]12b) was obtained at 85% or 88%
RCC, respectively, as determined by silica gel T 0.39 for [®F]11b, 0.36 for [°F]12b, eluent:
toluene/AcOEt=9:1) using authentic non-radioacBaenplesllb or 12b. After concentration by heating
to 85 °C with N flowing and cooling to rt, the residue was dissdhn tetrahydrofuran (1 mL), and 0.3
mol/L aqueous NaOH (1 mL) was added to the solu@dier which the mixture was shaken, and it stood
at rt for 30 min. Then, after 1 mol/L aqueous {CA.H (0.5 mL) was added to the reaction mixture,
['®F]3FDA or [**F]6FDA was obtained at 33% or 26% RCC, respectiweiich was determined by silica
gel TLC (R 0.38 for [°F]3FDA, 0.39 for {®%F]6FDA, eluent: CHG/MeOH=2:1) using authentic
non-radioactive samples 3FDA or 6FDA. After concation by heating to 85 °C with JNflowing,
['®F]3FDA or [**F]6FDA was separated by semi-preparative HPLC (@atuNakarai Cosmosil Sugar-D,
10 mml.D.x20+250 mm, eluent: GEIN/H,O0=3:1, flow rate: 2 mL/min, retention time: 13.9 niior
['®F]3FDA, 11.1 min for {°F]6FDA) with a PD1A radio-detector (UNIVERSAL GIKENKanagawa,

Japan).



418  Synthesisof [**F] 3FDA from 3 by manual operation synthesis

In total, 50—60 MBq of no-carrier-addetfff|fluoride in water (ca. 1 mL) was adsorbed to a
Waters Sep-Pak Accell Plus QMA Plus Light Cartridggbich was activated by 1 mol/L aqueousCiO;
(10 mL) and water (30 mL)}jF]Fluoride was desorbed by a mixture gfdO; (17 umol), cryptand 222
(34 umol), water (0.2 mL), and G&N (0.7 mL). The eluent was concentrated by heatngs °C with
N> flowing. CH;CN (1 mL) was added to the residue and azeotrdpiddakd by heating to 85 °C with N
flowing. A CHsCN (1 mL) solution o3 (16.3 mg, 42umol) was added to the residue and the mixture was
stirred at 85 °C for 1 h, assumed 1,2:5,&disopropylidene-3-deoxy-34{F]fluoro-a-D-allofuranose
([*®F]13) was obtained at 9% RCC by silica gel TLC; (62, eluent: hexane/AcOEt=1:1). After
concentration by heating to 85 °C with flowing, 1 mol/L aqueous HCI (1 mL) was addedtie tesidue,
and the mixture was stirred at 85 °C for 50 mifiEJBFDA was obtained at 4% RCC, determined by
silica gel TLC (R 0.39, eluent: CHGIMeOH=2:1) using authentic non-radioactive sampleAfter
concentration by heating to 85 °C with flbwing, [**F]3FDA was separated by semi-preparative HPLC
(Column: Nakarai Cosmosil Sugar-D, 10 mml.D.x20+2b6, eluent: CRCN/H,0=3:1, flow rate: 2
mL/min, retention time: 13.9 min) with a PD1A radietector (UNIVERSAL GIKEN, Kanagawa,

Japan).



419  General procedures for synthesis of [*®F] 3FDA and [*®F]6FDA from 4a and 5a, respectively,
using an automated synthesizer (Hybrid-type Synthesizer) with NaOH hydrolytic deprotection and HPLC
separation (method 1)

No-carrier-added'fF]fluoride in [*O]H,O (ca. 1 mL) was adsorbed to Waters Sep-Pak Accell
Plus QMA Plus Light Cartridge which was activatgdlomol/L aqueous ¥CO; (10 mL) and water (30
mL). [*®F]Fluoride was desorbed by mixture 0§®O; (17 umol), cryptand 222 (34mol), water (0.2
mL), and CHCN (0.7 mL). The eluent was concentrated underaedypressure by heating to 140 °C
with N, flowing. CH;CN (1 mL) was added to the residue and azeotrdpicaled under reduced
pressure by heating to 140 °C with flowing. CH;CN (1 mL) solution o#4a or 5a (20 mg) respectively
was added to the residue and stood at 85 °C fomb5 Avter concentration under reduced pressure by
heating to 85 °C with Nflowing, the residue was cooled to rt. 0.3 moluaous NaOH (1 mL) was
added to the residue and the reaction mixture voaslsat rt for 5 min. Then 1 mol/L aqueous {C,H
(0.5 mL) was added to the reaction mixture. Thecttea mixture was separated by semi-preparative
HPLC (column: Nakarai Cosmosil 5MS-II, 10 mml.D.x250 mm, eluent: @, flow rate: 2.5 mL/min).
After concentration under reduced pressure, watenl() was added to the residue and the solution was
filtered with sterilization filter (Merck Vented Méx GS, pore size: 0.22m, 25 mml.D.), {¥F]3FDA or
['®F]6FDA was obtained.

[*®F]3FDA was synthesized fromi®Flfluoride (2.7 GBq) andia (20 mg, 42umol) as a colorless



aqueous solution (844 MBq, 43% (decay correctedjgntion time of semi-preparative HPLC: 6.5 min;
radiochemical purity: >99.9% (by HPLC analysis,uroh: Nakarai Cosmosil Sugar-D, 4.6 mml.D.x250
mm, eluent: CHCN/H,0=3:1, flow rate: 1.0 mL/min, retention time: 5.9nn pH: 7 (by test paper);
cryptand 222: <40 ppm (by spot test using iodopéta reagent); total synthesis time: 52 min.
[*®F]6FDA was synthesized fromi®Flfluoride (2.3 GBq) anda (20 mg, 42umol) as a colorless
aqueous solution (424 MBq, 26% (decay correctedjgntion time of semi-preparative HPLC: 6.7 min;
radiochemical purity: >99.9% (by HPLC analysis,uroh: Nakarai Cosmosil Sugar-D, 4.6 mml.D.x250
mm, eluent: CHCN/H,0=3:1, flow rate: 1.0 mL/min, retention time: 4.9n pH: 7 (by test paper);

cryptand 222: <40 ppm (by spot test using iodopéta reagent); total synthesis time: 57 min.

420  General procedures for synthesis of [*®F] 3FDA and [*®F] 6FDA from 4a and 5a, respectively, by
using automated synthesizer (Hybrid-type Synthesizer) with NaOH hydrolytic deprotection and SPE
separation (method 2)

No-carrier-added'fF]fluoride in [-*O]H.O (ca. 1 mL) was adsorbed to a Waters Sep-Pak Accel
Plus QMA Plus Light Cartridge, which was activated1l mol/L aqueous ¥CO; (10 mL) and water (30
mL). [**F]Fluoride was desorbed by a mixture ofdO; (17 umol), cryptand 222 (34mol), water (0.2
mL), and CHCN (0.7 mL). The eluent was concentrated underaedypressure by heating to 140 °C

with N, flowing. CH;CN (1 mL) was added to the residue and azeotrdpichaled under reduced



pressure by heating to 140 °C with flowing. A CH;CN (1 mL) solution o#da or 5a (20 mg) was added

to the residue and stood at 85 °C for 5 min. A@tencentration under reduced pressure by heating to
85 °C with N flowing, the residue was cooled to rt, 0.3 moljuaous NaOH (1 mL) was added to the
residue, and the reaction mixture stood at rt fonib. Then, water (2 mL) was added to the reaction
mixture. The reaction mixture was passed througketisequential SPE cartridges (S*PURE Maxi-Clean
IC-H Plus 1.5 mL, Waters Sep-Pak PS-2 Plus Shattri@ge, and Waters Sep-Pak Alumina N Plus Long
Cartridge), which were activated by 10 mL ethanot fisinfection (76.9-81.4 vol%; Japanese
Pharmacopoeia,) and water (40 mL) and sequenpalbged through a sterilization filter (Merck Vented
Millex GS, pore size: 0.2am, 25 mml.D.). Then, after the SPE cartridges &aedlization filter were
washed with water (10 mL)'%]3FDA or ['°F]6FDA was obtained.

[*®F]3FDA was synthesized fromi®Flfluoride (2.2 GBq) andia (20 mg, 42umol) as a colorless
aqueous solution (1,137 MBq, 67% (decay correctediliochemical purity: 98.6% (by HPLC analysis,
column: Nakarai Cosmosil Sugar-D, 4.6 mml.D.x250 ,netuent. CHCN/H,0=3:1, flow rate: 1.0
mL/min, retention time: 5.8 min); pH: 7 (by testpea); cryptand 222: <40 ppm (by spot test using
iodoplatinate reagent); Al: <2 ppm (by test paper); total synthesis timem.

[*®F]6FDA was synthesized fromi®Flfluoride (2.7 GBq) anda (20 mg, 42umol) as a colorless
aqueous solution (1,035 MBq, 49% (decay correctediliochemical purity: 99.0% (by HPLC analysis,

column: Nakarai Cosmosil Sugar-D, 4.6 mml.D.x250 ,netuent. CHCN/H,0=3:1, flow rate: 1.0



mL/min, retention time: 4.9 min); pH: 7 (by testpes); cryptand 222: <40 ppm (by spot test using

iodoplatinate reagent); At <2 ppm (by test paper); total synthesis timen#a.

421  General procedures for synthesis of [*®F] 3FDA and [*®F]6FDA from 4a and 5a, respectively,
using automated synthesizer (F100) with HCI hydrolytic deprotection and SPE separation (method 3)
No-carrier-added *fF]fluoride in [°O]H,O (ca. 4.5 mL) was adsorbed to a Waters Sep-Pak
Accell Plus QMA Plus Light Cartridge, which was igated by 1 mol/L aqueous.,KO; (10 mL) and
water (30 mL). ’F]Fluoride was desorbed by an aqueous solutionrf@.of K,CO; (22 umol), and a
CHsCN solution (1 mL) of cryptand 222 (3pmol) was added to the mixture. The mixture was
concentrated under reduced pressure by heatingd£R solution (1.5 mL) o#la or 5a (20 mg) was
added to the residue and stirred at 90 °C for 5 Alfiter concentration under reduced pressure byifgga
1 mol/L aqueous HCI (2 mL) was added to the residud the reaction mixture was stirred at 135 C fo
5 min. After cooling to rt, the reaction mixture sv@assed through four sequential SPE cartridges
(S*PURE Maxi-Clean IC-H Plus 0.5 mL, Bio-Rad AG 18 Aesin, Waters Sep-Pak C18 Plus Short
Cartridge, and Waters Sep-Pak Alumina N Plus Loagrge), which were activated by 10 mL ethanol
for disinfection (76.9-81.4 vol%, Japanese Pharpae@) and water (40 mL) and sequentially passed
through a sterilization filter (Merck Vented Mille@S, pore size: 0.2gm, 25 mml.D.). Then, after the

SPE cartridges and sterilization filter were washeéth water (8 mL), *F]3FDA or ['°F]6FDA was



obtained.

['®F]3FDA was synthesized from'®F]fluoride (22.2 GBq) andda (20 mg, 42umol) as a
colorless aqueous solution (6,790 MBq, 44% (deaayected)); radiochemical purity: 99.1% (by HPLC
analysis, column: Bio-Rad Aminex HPX-87H, 7.8 mmkBOO mm, eluent: D, flow rate: 0.8 mL/min,
retention time: 7.5 min); pH: 7 (by test paperjateynthesis time: 58 min.

['®F]6FDA was synthesized from'®F]fluoride (22.4 GBq) andba (20 mg, 42umol) as a
colorless aqueous solution (5,270 MBq, 31% (deaayected)); radiochemical purity: 99.5% (by HPLC
analysis, column: Bio-Rad Aminex HPX-87H, 7.8 mmkBOO mm, eluent: D, flow rate: 0.8 mL/min,

retention time: 7.8 min); pH: 7 (by test paperjateynthesis time: 44 min.

4.22  Evaluation for stability of [**F] 3FDA and [ *®F] 6FDA in rabbit blood plasma

Plasma of heparinized rabbit blood (New Zealandt¥ylwas separated by centrifugation. The
stability of [*F]3FDA and f®F]6FDA in blood plasma was measured by HPLC (Columakarai
Cosmosil Sugar-D, 10 mml.D.x20+250 mm, eluent:3CN/H,0=3:1, flow rate: 2 mL/min) with a
radio-detector (Perkin-Elmer Radiomatic 150TR w&blarScint solid scintillator containing 4Q0
heterogeneous flow cells) from 5 min to 6 h aftéxing. No decomposition of fF]3FDA or [-*F]6FDA

was observed up to 6 h.
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Table 1. Radiochemical conversions (RCCs) and ieffiies of 3-deoxy-3fF]fluoro-D-allose

([**F]3FDA) and 6-deoxy-6fF]fluoro-D-allose (f?F]6FDA) synthesis by manual operation.

Product Precursor

RCC of

[18F]fluorination (%) efficiency (%)

Deprotection

RCC of
product (%)

['®F]3FDA 3
4a
4b

['®F]6FDA 5a

Sb

9

88

85

90

88

44

85

38

77

30

4

75

33

69

26




Table 2. Results of{F]3FDA and {®F]6FDA synthesis using automated synthesizer.

Percent Total
Deprotection ~ yield (%, Radiochemical synthesis
Product PrecursorMethod Separation . _
reagent decay purity (%) time
corrected) (min)
[*®F]3FDA  4a 1 NaOH HPLC 43 >99.9 52
2 NaOH SPE 67 98.6 41
3 HCI SPE 44 99.1 58
['®F]6FDA 5a 1 NaOH HPLC 26 >99.9 55
2 NaOH SPE 49 99.0 41

3 HCI SPE 31 99.5 44




Captionsto Schemes
Scheme 1. Preparation of precursoda and4b. Reagents and conditions: (a) trifluoromethanesudf
anhydride (T4$0O), pyridine, CHCI,, room temperature (rt), 30 min and 93% vyield4ar 1 h and 86%

yield for 4b.

Scheme 2. Preparation of precursoBa and5b. Reagents and conditions: (a) triphenylmethyl Gtiéo
(TrCl), pyridine, 40 °C, 3-5 days; (b) acetic anhgd (Ac0), pyridine, rt, 6 days and 62% vyield fea
from 7, or benzoyl chloride (BzCl), pyridine, rt, 3 dags 9b; (c) 10% Pd/C, HCgH, CICH,CH.CI, rt, 3
h and 96% vyield forlOa, or FeCi6H,O, CHCI,, rt, 1 day and 22% vyield fotOb from 7; (d)
trifluoromethanesulfonic anhydride ¢0), 2,6-lutidine, CHCI,, 0 °C, 1 h and 87% vyield fdra, 1 h and

96% yield for5b.

Scheme 3. Preparation of non-radioactive authentic sampleBA3 6FDA, 1la, 11b, 12a, and 12b.
Reagents and conditions: (ap®8F;, CHCly, rt, 14 days and 15% vyield fdda, 9 days and 51% yield
for 11b, 20 h and 21% vyield fat2a, 1 day and 33% vyield fdt2b; (b) NaOH, HO, 1,4-dioxane, rt, 2 h

and 75%yield for 3FDA from11b, 1.5 h and 42%ield for 6FDA from12b.

Scheme 4. Preparation of 'fF]3FDA and [°F]6FDA. Reagents and conditions: (8fAIKF, K,COs,



cryptand 222, CECN, 85 °C, 5 min foda, 4b, 5a, and5b, or 1 h for3; (b) HCI, HO, 85 °C, 50 min; (c)

NaOH, HO, tetrahydrofuran, rt, 5 min fdia and5a, or 30 min fordb and5b.



Scheme 1.

6a: R=Ac
6b: R=Bz




Scheme 2.

10a: R=Ac
10b: R=Bz

5a: R=Ac
5b: R=Bz



Scheme 3.

O. LOR
RO
RO" “OR

OH

6a: R=Ac
6b: R=Bz

O. LOR
Ho/\(J’
RO" Y “OR

OR

10a: R=Ac
10b: R=Bz

1l1a: R=Ac
11b: R=Bz

12a: R=Ac
12b: R=Bz

O._,»OH
Ho/\i/\[m
HO" ™ "OH

E

1 (3FDA)

O._.OH
e
HO" ™ “OH

OH

2 (6FDA)



Scheme 4.

e} OH
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4a: R=Ac [18F]11a: R=Ac [*®F]1 ([*®FI3FDA)
[*8F]11b: R=Bz

OR OR OH
5a: R=Ac [8F]12a: R=Ac [*®F]2 ([*®FI6FDA)
5b: R=Bz

[*8F]12b: R=Bz



Highlights:
3-Deoxy-3-[®F]fluoro-D-allose was synthesized for the first time from three
Precursors.

6-Deoxy-6-['®F]fluoro-D-allose was synthesized for the first time from two
Precursors.

Pyranose-type precursors protected by acetyl groups provided the highest
radiochemical conversions.

3-Deoxy-3-[*®F]fluoro-D-allose and 6-deoxy-6-[*®F]fluoro-D-allose were aso

synthesized using an automated synthesi zer.
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