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Benzoylated deoxyfluoropyranosides have been synthesized, starting with protected,
unprotected, or fluorinated precursors. Fluorination of eight derivatives was compared
using DAST and Deoxo-Fluor as reagents. Deoxo-Fluor was found to be especially
useful in the fluorination of methyl 2,3,4-O-tribenzoyl «-D-mannopyranoside and -
D-glucopyranoside, resulting in better yields and avoiding the 1,6-methoxy migration
experienced with DAST for one derivative. The two reagents gave comparable yields
in the fluorination of other methyl pyranosides, confirming Deoxo-Fluor as a safer al-
ternative to DAST. Methyl a-D-mannopyranoside underwent fluorination to yield the
4,6-difluorotalopyranoside and the corresponding cyclic sulfite. The NMR spectroscopic
properties of 11 benzoyl deoxy-fluoropyranosides are reported.

Keywords Deoxyfluorosugars; Diethylaminosulfur trifluoride; Bis-(2-methoxyethyl)
aminosulfur trifluoride; DAST; Deoxo-Fluor; Benzoyl pyranosides; °F NMR

INTRODUCTION

Fluorinated molecules have found widespread applications in the field of
medicinal chemistry.? Also, fluorinated carbohydrates have found their
use among others as biocompatible surfactants,’®* mechanistic probes,?®~"
positron-emitting radiopharmaceuticals,'®' potential anticancer agents,19-13!
and building blocks for other bioactive compounds.*16! As compared to their
natural derivatives, fluorinated carbohydrates have altered hydrogen bonding
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abilities and metabolic stability. 1°F NMR opens new possibilities for tracking
distribution, transport, and metabolism of drug derivatives.

Although some unprotected carbohydrates can be fluorinated in decent
yield, most often protection and deprotection schemes are utilized. Having the
options of employing different protecting groups is of importance depending on
the following chemical steps. Esters are often employed, and in terms of molec-
ular mass and cost, the acetate ester is preferred. On the other hand, using
aromatic esters allows for a higher stability, the avoidance/reduction of acyl
migration, and the ability to analyze compounds by UV spectroscopic meth-
ods. Diethylaminosulfur trifluoride (DAST) is a commonly used reagent for the
conversion of hydroxyl groups into fluorinated derivatives.!'”-18 Also, partly
benzoylated carbohydrates have been fluorinated with this reagent./6-19-23!
However, there are hazards connected to the use of DAST, and a safer alterna-
tive, bis-(2-methoxyethyl)aminosulfur trifluoride (Deoxo-Fluor), has been de-
veloped.'?4-26! Ag part of our effort to prepare building blocks for bioactive com-
pounds, a series of benzoylated deoxy-fluoropyranosides have been synthesized
and characterized. The use of DAST and Deoxo-Fluor has also been compared
in fluorination of various hexapyranosides.

RESULTS AND DISCUSSION

Synthesis of Methyl 2,3,4-tri-O-benzoyl-6-deoxy-6-
fluoro-pyranosides

As monofluorination of unprotected carbohydrates can be problem-
atic, the 6-deoxy-6-fluorohexapyranosides were targeted by fluorination of
the methyl 2,3,4-tri-O-benzoylpyranosides (4a—e). These were obtained by
two different routes: compounds 4a-c were synthesized by Candida ru-
gosa lipase (CRL)-catalyzed hydrolysis of the corresponding tetrabenzoates,
2a-c, as previously reported,'?” while 4d—e were obtained by a trityla-
tion/benzoylation/detritylation protocol (Sch. 1).

The methyl 2,3,4-tri-O-benzoylhexapyranosides 4a—-e were then subjected
to fluorination using DAST in dichloromethane, THF and diglyme, and Deoxo-
Fluor in THF. The degree of conversion obtained under the various conditions
is shown in Table 1. The galacto derivatives 4a—b were fluorinated very slowly,
giving a maximum of 14% conversion using DAST in dichloromethane. No im-
provement was observed using Deoxo-Fluor. In fluorination of structurally re-
lated methyl 2,3,4-tribenyl D-galactopyranoside, Tashiro et al.!?® also obtained
a cyclic 3,6-ether byproduct. This was not seen in reaction of 4a-b. The low de-
gree of conversion for 4a-b is most likely due to steric hindrance imposed by
the benzoyl groups.
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Scheme 1: Route to 5a-e, a-D-galactopyranoside (a), g-D-galactopyranoside (b).,
a-D-glucopyranoside (e), B-D-glucopyranoside (d), a-D-mannopyranoside (e).

Higher reactivity was observed in fluorination of 4¢. The use of DAST in
dichloromethane gave a 54% conversion. This could be increased to 91% by
applying a 1-h refluxing period at the end of the reaction. The use of Deoxo-
Fluor led to a comparable 88% conversion. In fluorination of 4a—e, the 6-deoxy-
6-fluoroderivatives, 5a-c, were the only products in each case. However, in
line with that reported by Lin et al.,[!®) DAST fluorination of methyl 2,3,4-tri-
O-benzoyl-B-D-glucopyranoside (4d) gave rise to both 5d and the migration

Table 1: Degree of conversion (%) in fluorination of 4a-e in various solvents using
DAST (4 eq) and Deoxo-Fluor (4 eq)

DAST Deoxo-Fluor

Substrate  CH,Cl, CH,CL® THF Di-glyme Product THF THF® Product

4a 14 14 <1 <1 5a 13 13 5a
4b 12 10 <1 <1 5b 7 9 5b
4c 54 91 41 <1 5c 88 88 5¢c
4d 74¢ >9od e e 5d+6d 85 >0909 5d
de 60 62 ® e 5e 77 78 5e

A9Conv. by HPLC.

PRefluxed for 1 h aftfer standard reaction.
CProducts: 5d, 41%; 6d, 33%.

dProducts: 5d, 38%; 6d, 62%.

eNot performed.
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product 6d. A refluxing period at the end of the reaction increased the amount
of the rearrangement product further to 62%. A mechanistic rationale for this
migration has been proposed,1%2%3% where the glycosidic oxygen acts as a nu-
cleophile on the RO-SF;NEt, intermediate, possibly assisted by the carbonyl
oxygen situated at C-2 (Sch. 2).

EtQNFQSO‘\ O\
OMe B Bz
z
oY ‘\ o- o-

Scheme 2: Possible mechanism for the C-1 to C-6 methoxy migration.

In contrast, the use of Deoxo-Fluor gave 5d as the only product. Full con-
version to 5d was obtained when applying a refluxing period at the end of
the reaction. The reason why Deoxo-Fluor does not cause this migration is
not understood. However, DF'T calculations have indicated that the increased
stability of Deoxo-Fluor as compared to DAST is due to coordination of the
ether oxygen with the sulphur atom of the reagent.?*! Possibly, such a coor-
dination could also be present in the RO-SFoN(CH;CH3OCHj3)s intermediate,
both shielding C-6 toward nucleophilic attack from oxygen at C-1 and increas-
ing the strength of the susceptible C-O bond. Deoxo-Fluor also proved to be the
best fluorinating agent for the synthesis of 5e from 4e (77% conv.). Fluorina-
tion of 4e with DAST in dichloromethane gave 60% conversion.

Synthesis of Other Benzoylated Deoxy-fluoropyranosides

We continued to compare the performance of DAST and Deoxo-Fluor
in fluorination of other methyl pyranosides. Methyl 2,3,6-tri-O-benzoyl-a-
D-galactopyranoside (7a), obtained by abrupt benzoylation of 1a, was fluori-
nated using DAST and Deoxo-Fluor (Sch. 3). The product 8¢ has been prepared
previously using DAST.

[20,21]

or A
BzO OBz Deoxo-Fluor BzO OBz

Scheme 3: Synthesis of methyl 2,3,6-tri-O-benzoyl-4-deoxy-4-fluoro-«-D-glucopyranoside (8¢)
and methyl 2,3-di-O-benzoyl-4,6-dideoxy-4,6-difluoro-«-D-glucopyranoside (10¢) using DAST
or Deoxo-Fluor.
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Fluorination of 7a with DAST and Deoxo-Fluor using 2.5 equivalents of
fluorinating agent gave a 67% and 65% conversion, respectively. The degree
of conversion for both systems could be improved to 90% by addition of a sec-
ond portion of reagent after 6 h reaction time. The reaction of 7a with DAST
was run in a 23.3 mmol scale, giving 72% isolated yield of 8c. Further, from
7a, Candida rugosa lipase-catalyzed hydrolysis gave 9a, which was submit-
ted to DAST and Deoxo-Fluor fluorination (Sch. 3). The difluorinated «-D-
glucopyranoside 10¢ was obtained in 74% and 72% isolated yield, respectively,
indicating very similar reactivity for the two reagents. No other fluorinated
byproducts were observed.

DAST fluorination of methyl a-D-mannopyranoside (1e) to yield methyl
4,6-dideoxy-4,6-difluoro-a-D-talopyranoiside (11f) has been reported.?131
The preparation of methyl 4,6-dideoxy-4,6-difluoro-2,3-di-O-benzoyl-a-
D—talopyranoside (10f) was attempted using both DAST and Deoxo-Fluor
followed by benzoylation without isolation of 11f (Sch. 4). In both cases 9
equivalents of fluorinating agent was used and a similar low 26% isolated
yield of 10f was obtained.

OH

0 DAST

or

OH Deoxo-Fluor

1e

F

F
HO OH BzO

F
(0} O
----- ome B, ¢ “"OMe
Pyridine

11f 10f

Scheme 4: Synthesis of methyl 2,3-di-O-benzoyl-4,6-dideoxy-4,6-difluoro-a-D-talopyranoside
(10f) and the structure of the byproduct 12f.

The reasons for the loss in yield were investigated by isolation of
11f. However, in addition to 11f,31 another difluorinated carbohydrate was
isolated. NMR spectroscopy confirmed this to be a methyl 4,6-dideoxy-
difluorotallopyranoside, but with higher shift values for H-1, H-2, and H-3 as
compared to 11f. Whereas compound 11f underwent benzoylation to afford 10f
(77% isolated yield), the unknown compound failed to react under similar con-
ditions. Based on previous reports on fluorination of inositol derivatives using
SF4/3233] and a characteristic IR band at 1215 ecm™!, a cyclic sulfite was the
most likely candidate structure. The presence of sulphur was confirmed by
ICP-MS, and a reaction of 11f with thionyl chloride gave a compound with the
same chemical and spectroscopic properties, thus confirming the structure 12f.
The mechanism of formation is expected to follow that outlined for SFy.133!

We were also interested in obtaining the benzoylated 2-deoxy-2-fluoro-
and 3-deoxy-3-fluoro-D-gluco derivatives as building blocks for bioactive com-
pounds. Methylation and benzoylation of commercially available 3-deoxy-3-
fluoro-D-glucose was attempted as shown in Scheme 5. To avoid the isolation
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Scheme 5: Synthesis of benzoylated 3-deoxy-3-fluoro- and 2-deoxy-2-fluoro-
D-glucopyranoside.

of the intermediate methyl glucoside, benzoylation was performed on the crude
reaction product. This, however, gave a mixture of the g-anomer 13d (12% iso-
lated yield) and the tetrabenzoate 14d (3%). Both the low yield and formation
of the B-anomer 13d correspond with results for synthesis of the corresponding
acetates. 3%

Attempts to prepare methyl 3,4,6-tri-O-benzoyl-2-deoxy-2-fluoro-
D—glucopyranoside were also made by the two-step route shown in Scheme
5, but were unsuccessful. Due to the low efficiency in forming the methyl
glycosides, it was considered more useful to prepare the corresponding tetra-
benzoates 14 and 15 by benzoylation (Sch. 5). Crystallization gave 48% and
51% isolated yield of the g-anomers 14d and 15d, respectively. We were not
able to purify the a-anomers present in the mother liquor.

NMR Spectroscopy

The NMR assignments of the compounds 5a-e, 8¢, 10¢, 10f, 13d, 14d, and
15d were based on the data obtained from 1D H, 13C, and 1°F and various 2D
experiments. Spin systems and connectivity in the pyranose ring and in the
aromatic systems were identified by DQF-COSY, HMQC, and HSQC-TOCSY
experiments. The connectivity between the pyranose ring and benzoyl groups
was identified in HMBC spectra from long-range correlations between protons
H-2, H-3, H-4, and H-6, the corresponding carbonyl-, and its directly attached
aromatic carbon (Fig. 1).

Figure 1: HMBC correlations revealing connectivity between the pyranoside and benzoyl
groups.
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The 'H and '3C chemical shifts are given in the Experimental section; the
resolved 'H-'H and °F-'H coupling constants and the °F chemical shifts are
given Table 2.

'H NMR data of the pyranose part of 5¢ corresponded with that published
previously.® TH NMR of 5d has been reported, but not assigned,™® while in
the case of 8¢, previously reported shifts for protons at C-6, C-1, and C-2 have
to be revised.?%2!! The 'H chemical shift of H-1 depended on the anomeric
configuration and the configuration at C-2. For the a-anomers 5a, 5¢, 8c, and
10c, the H-1 signal resided at higher ppm values than for their g-anomers.
The coupling constants between H-1 and H-2 are also of diagnostic value. In
the case of 13d, both the H-1 shift value and the coupling between H-1 and
H-2 enabled assignment of stereochemistry as g-configured.

The 2Jur couplings for 6-deoxy-6-fluoroderivatives 5a—e, 10c, and 10f were
in the range of 45.6 to 47.5 Hz, while when the fluorine was situated at C-2,
C-3, and C-4, slightly higher coupling values were observed (50.3-52.0 Hz).

The 3C NMR data for 5¢ corresponded with that reported®®; data for 8c
has not been found, while in the case of 5d,!'”! assignment has not been pro-
vided. The C-1 and the methoxy carbon shifts are strong indicators of anomeric
configuration, and the a-anomers had lower shift values than the g-anomers
for both signals. The chemical shifts of C-6 in the 6-deoxy-6-fluoropyranosides
were only slightly affected by structural variation and appeared from 80.7 to
81.7 ppm. The Jcr coupling constants varied from 169.6 to 193.2 Hz depend-
ing on the position of the fluorine and pyranose structure. Among others, the
IJcr coupling constants at C-6 depended on the stereochemistry at C-4 and
were higher for 5c-e and 10c¢ than for 5a-b and 10f.

The F NMR data of 8¢ corresponded well with those reported,?>2"! while
reference data for the other compounds have not been published. The shifts for
the fluorine at C-6 varied from —230.50 to —236.15 ppm, while the fluorines at
C-2, C-3, and C-4 resided from —195.53 to —200.19. The F-'H coupling con-
stants were in good agreement with those observed from the 'H 1D spectrum.

CONCLUSION

Eleven deoxy-fluoro benzoyl pyranosides, eight of which are new chemical
entities, have been synthesized and characterized by high-field NMR spec-
troscopy. The use of DAST and Deoxy-Fluor was compared in the fluorina-
tion of eight different carbohydrate derivatives and in most cases the reagents
gave similar yields. Surprisingly, in reaction of methyl «-D-mannopyranoside,
a cyclic sulfite was discovered as the major byproduct using both reagents.
The use of Deoxy-Fluor was found to be superior for the fluorination of methyl
2,3,4,-tribenzoyl-8-D-glucopyranoside, avoiding a 1,6-migration experienced
with DAST. Moreover, with Deoxy-Fluor, as compared to DAST, fluorination
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of carbohydrates can be performed with good conversion in nonchlorinated sol-
vents (THF) with a less hazardous reagent.

EXPERIMENTAL

General

Methyl «-D-mannopyranoside (le) was prepared by a known method,|
while 1a-d, DAST, and Deoxo-Fluor were purchased from Sigma-Aldrich. Ben-
zoyl chloride and pyridine were from Fluka. 2-Deoxy-2-fluoro-D-glucose and
3-deoxy-3-fluoro-D-glucose were from Toronto Research Chemicals Inc. The
compounds 2a-c, 4a-c, and 9a were prepared as described previously.27:37
Solvents were from VWR and were used as received, except for CHyClg, which
was dried over CaCly. Column chromatography was performed using silica gel
60A from Fluka (pore size 40-63 um). Candida rugosa lipase (type VII, >700
units/mg solid) was from Sigma-Aldrich.

36]

Analysis

The HPLC system consisted of an Agilent 1100 series quaternary pump,
Agilent 1100 series variable wavelength UV detector (200-315 nm), and ther-
mostated column compartment. Conversion was analyzed on a Supelcosil C18
column (5-um particle size, 25 cm) at 254 nm, eluting with a mixture of deion-
ized water containing TFA (0.01%) and MeOH (30:70, vol.-%). Melting points
were determined by a Mettler FP 5 melting point apparatus and are uncor-
rected. Optical rotations were measured using the sodium D line at 589 nm on
a Perkin-Elmer 243 B polarimeter.

NMR Spectroscopic Methods

Unless otherwise stated, 'H and 3C NMR data were recorded using a
Bruker Avance 600 spectrometer operating at a proton frequency of 600.18
MHz with a 5-mm triple-resonance cryo probe equipped with a z-gradient. The
samples containing a solution of 20 mg of substances in CDCl3 were measured
at 298 K with TMS as reference standard. The '’F NMR data were recorded
with a Bruker Avance 500 spectrometer using hexafluorobenzene as reference
standard. Pulse sequences from the Bruker user library were used. The ac-
quisition details for the 1D 'H and 3C NMR, HMQC, HSQC-TOCSY, HMBC,
and 'H,"H DQF-COSY were as described previously.®” 470 MHz °F 1D: /2
pulse for °F 15.0 us, spectral width 100 kHz, acquisition time 0.35 s, relax-
ation delay 1.0 s. 470 MHz °F 1D with proton BB decoupling: /2 pulse for
9F 15.0 us, spectral width 94.3 kHz, acquisition time 0.66 s, WALTZ proton
decoupling during acquisition, relaxation delay 1.0 s. In order to distinguish
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close resonances for some of the compounds, additional experiments were run
to obtain higher resolution.

Synthesis

Methyl 2,3,4-tri-O-benzoyl-p-D-glucopyranoside (4d)/>¢/

Methyl B-D-glucopyranoside (1d) (1.00 g, 5.15 mmol) was first converted
to methyl 2,3,4-tri-O-benzoyl-6-trityl-8-D-glucopyranoside (83d) by tritylation
and benzoylation according to the procedure of Ding et al.®® This resulted in
an oil that crystallized from EtOH giving 1.25 g (1.67 mmol, 32%) of 3d as a
white solid, mp. 115-116°C, [a]¥ = —12.2° (¢ 1.0, CHCl;). 'H NMR (CDCl;,
400 MHz) §: 7.97 (m, 2 H, Ar), 7.82 (m, 2 H, Ar), 7.70 (m, 2 H, Ar), 7.51-7.29
(m, 9 H, Ar), 7.16 (m, 8 H, Ar), 7.09 (m, 7 H, Ar), 5.79 (t, J = 9.6, 1 H, H-3),
5.63 (t,J = 9.6, 1 H, H-4), 5.54 (dd, J23 = 9.6, J21 = 8.0, 1 H, H-2), 4.72 (d,
Ji12 = 8.0, 1 H, H-1), 3.85 (m, 1 H, H-5), 3.62 (s, 3 H, OCH3), 3.35 (dd, J56a
= 2.5, Jeap = 10.7, 1 H, H-6,), 3.26 (dd, J56, = 5.1, Jen6a = 10.7, 1H, H-6,).
13C NMR (CDCl3, 100 MHz) §: 166.1, 165.4, 164.9, 143.9 (3 C), 133.3, 133.25,
133.2, 130.0 (2 C), 129.92 (2 C), 129.8 (2 C), 129.7, 129.5, 129.3, 129.1 (2 C),
128.7 (6 C), 128.4 (2 C), 128.3 (2 ©), 127.9 (6 C), 127.0 (3 C), 102.1 (C-1), 86.8
(O-CPhy), 74.0 (C-5), 73.4 (C-3), 72.2 (C-2), 69.6 (C-4), 62.6 (C-6), 56.9 (O-CHj3).

Compound 3d (1.00 g, 1.34 mmol) was detritylated using FeCl3-6H20O in
CH;Cl; according to the procedure described by Ding et al.[*”! This gave a white
foam, which was purified by silica gel column chromatography (toluene/EtOAc,
1/1) and then crystallized from pentane/CHCI; to give 450 mg (0.89 mmol, 66%)
of 4d as white solid, mp. 79-80°C, [a]¥ = —8.4° (¢ 1.1, CHCly), lit.’® —6.6° (c
1.1, CHCIs). 'H NMR (CDCl3) and 3C NMR (CDCls) corresponded with data
reported previously.27-38)

Methyl 2,3,4-tri-O-benzoyl-a-D-mannopyranoside (4e)/*14%/

Methyl a-D-mannopyranoside (2.00, 10.30 mmol) was converted to methyl
2,3,4-tri-O-benzoyl-6-trityl-a-D-mannopyranoside (3e)#%*3! as described for
4d. This gave 2.70 g (3.61 mmol, 35%) of 3e as a white solid, mp. 113-114°C,
1it."31 110-120°C, [@]% = —90.5° (c 1.0, CHCly), lit. [401 _45°(¢ 2.0, CHCl3). 'H
NMR (CDCl3, 400 MHz) é: 8.15 (m, 2 H, Ar), 7.83 (m, 2 H, Ar), 7.73 (m, 2 H,
Ar), 7.61 (m, 1 H, Ar), 7.51-7.38 (m, 10 H, Ar), 7.30 (m, 3 H, Ar), 7.18-7.06 (i,
10 H, Ar), 6.02 (t, J = 10.2, 1H, H-4), 5.77 (dd, J32 = 3.3, J34 = 10.2, 1 H, H-3)
5.68 (m, 1 H, H-2), 5.03 (d, J = 1.5, 1 H, H-1), 4.17 (m, 1 H, H-5), 3.55 (s, 3
H, OCHy), 3.40 (dd, J5 60 = 2.5, Jeagy = 10.5, 1 H, H-6,), 3.29 (dd, 5,6 — 4.9,
Jepea = 10.5, 1 H, H-6,). 13C NMR (CDCl3, 100 MHz) §: 165.8, 165.7, 165.2,
143.9 (3C), 133.6, 133.2, 133.1, 130.1 (2 C), 129.9 (2 C), 129.8 (2 C), 129.7,
129.5, 128.8 (2 C), 128.77 (6 C), 128.4 (2 C), 128.3 (2 C), 127.8 (6 C), 127.0 (3
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C), 98.7 (C-1), 86.8 (O-CPhy), 70.9 (C-2), 70.7 (C-3), 70.4 (C-5), 67.2 (C-4), 62.5
(C-6), 55.4 (O-CH3).

Detritylation of 3e (2.50 g, 3.34 mmol) was performed as described for 3d to
give 4e, 1.31 g (2.59 mmol, 77%) as a white solid, mp. 69-70°C, [a]¥ = —127.5°
(c 0.5, CHCly), 1it.*" —126.0° (c 0.5, CHCly), lit.’8! —154° (c 1.1, CHCl3). NMR
corresponded with that reported previously.2”

Methyl 2,3,4-tri-O-benzoyl-6-deoxy-6-fluoro-a-D-galactopyranoside (5a)

DAST (106 uL, ~129 mg, ~0.80 mmol) was added drop-wise to a solution
of 4a (100 mg, 0.20 mmol) and DMAP (50 mg, 0.40 mmol) in dry CHsCly (2
mL) at —25°C under argon. After 12 h the reaction mixture was allowed to
slowly warm to rt and stirred overnight. The reaction mixture was then cooled
to 0°C and methanol (0.3 mL) was added to quench the reaction. The resulting
solution was further diluted with CH5Cls (56 mL) and washed with saturated
NaHCOj3 (3 x 5 mL) and water (5 mL), and the combined aqueous phase was
back-extracted once with CH3Cly (5 mL). The organic phases were washed once
more with water (10 mL), dried over MgSQy, and concentrated under vacuum.
The residue was purified by silica gel column chromatography (toluene/EtOAc,
9/1) to give 10 mg (0.02 mmol, 10%) of compound 5a as a colorless foam; [«]%
= +78.1° (¢ 0.7, CHCIl3). 'H NMR (CDCl3, 600 MHz) §: 8.07 (m, 2 H, Ar), 7.98
(m,2H, Ar), 7.79 (m, 2 H, Ar), 7.62 (m, 1 H, Ar), 7.52 (m, 1 H, Ar), 7.48 (m, 2 H,
Ar), 7.43 (m, 1 H, Ar), 7.38 (m, 2 H, Ar), 7.24 (m, 2 H, Ar), 5.96 (m, 1 H, H-3),
5.94 (m, 1 H, H-4), 5.67 (dd, 1 H, H-2), 5.32 (d, 1 H, H-1), 4.57 (m, 2 H, H-6,p),
4.52 (m, 1 H, H-5) 3.50 (s, 3 H, OCHj3). 13C NMR (CDCl3, 150 MHz) §: 166.08,
165.58, 165.50, 133.63, 133.41, 133.18, 129.92 (2 C), 129.86 (2 C), 129.69 (2
C), 129.14, 129.10, 129.03, 128.66 (2 C), 128.44 (2 C), 128.27 (2 C), 97.57 (C-
1), 81.72 (d, J = 171.2, C-6), 69.26 (C-2), 69.02 (d, J = 6.6, C-4), 68.23 (C-3),
67.65 (d, J = 23.0, C-5), 55.79 (OCHs). HRMS (ESI): 509.1619 (calcd 509.1606,
M+H™).

Methyl 2,3,4-tri-O-benzoyl-6-deoxy-6-fluoro--D-galactopyranoside (5b)
Compound 5b was synthesized as described for 5a, starting with 4b
(100 mg, 0.20 mmol) giving 9 mg (0.02 mmol, 9%) of a colorless oil; [a]% =
+146.0° (¢ 0.5, CHCIl3). 'H NMR (CDCl3, 600 MHz) §: 8.06 (m, 2 H, Ar), 7.97
(m, 2 H, Ar), 7.78 (m, 2 H, Ar), 7.62 (m, 1 H, Ar), 7.52 (m, 1 H, Ar), 7.48 (m,
2 H, Ar), 7.43 (m, 1 H, Ar), 7.39 (m, 2 H, Ar), 7.24 (m, 2 H, Ar), 5.91 (dd, 1
H, H-4), 5.78 (dd, 1 H, H-2), 5.58 (dd, 1 H, H-3), 4.75 (m, 1 H, H-1), 4.62 (m,
2 H, H-6,,), 4.26 (m, 1 H, H-5), 3.62 (s, 3 H, OCHjy). 13C NMR (CDCl;, 150
MH?z) §: 165.58, 165.53, 165.32, 133.69, 133.32, 133.29, 130.01 (2 C), 129.80 (2
C), 129.77 (2 C), 129.30, 128.82, 128.68, 128.64 (2 C), 128.39 (2 C), 128.31 (2
C), 102.42 (C-1), 81.17 (d, J = 172.4, C-6), 72.27 (d, J = 23.0, C-5), 71.65 (C-3),
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69.61 (C-2),67.93 (d, J = 6.6, C-4), 57.38 (OCH3). HRMS (ESI): 509.1612 (calcd
509.1606, M+H™).

Methyl 2,3,4-tri-O-benzoyl-6-deoxy-6-fluoro-a-D-glucopyranoside (5¢)3%

DAST (190 uL, ~232 mg, ~1.44 mmol) was added drop-wise to a solution
of 4c?™ (180 mg, 0.36 mmol) and DMAP (100 mg, 0.80 mmol) in dry CH,Cl,
(3 mL) at —25°C. After stirring under argon for 12 h, the reaction mixture was
allowed to warm to ambient temperature, stirred overnight, and refluxed for
1 h. The mixture was then cooled to 0°C and methanol (0.5 mL) was added
to quench the reaction. The reaction mixture was then diluted with CHyCls
(10 mL) and washed with saturated NaHCO3 (3 x 10 mL) and water (10 mL),
and the aqueous phase was back-extracted once with CH2Cly; (10 mL). The
combined organic phases were washed once with water (15 mL), dried over
MgSO,, and concentrated under vacuum. The residue was crystallized twice
from MeOH to give 135 mg (26.55 mmol, 75%) as a white solid, mp. 143-144°C,
(1it.3% 145-146°C), [a]¥ = +46.8° (c 1.5, CHCly), lit.®® +52.7° (c 1, CHCl3).
TH NMR (CDCls, 600 MHz) §: 7.97 (m, 4 H, Ar), 7.87 (m, 2 H, Ar), 7.54 (m, 1
H, Ar), 7.52 (m, 1 H, Ar), 7.43 (m, 1 H, Ar), 7.38 (m, 4 H, Ar), 7.29 (m, 2 H, Ar),
6.19 (t, 1 H, H-3), 5.56 (t, 1H, H-4), 5.28 (m, 1 H, H-2), 5.27 (m, 1 H, H-1), 4.59
(dd, 2 H, H-6,,), 4.27 (ddt, 1 H, H-5), 3.49 (s, 3H, (OCH3). *C NMR (CDCl3, 150
MHz) §: 165.80, 165.77, 165.29, 133.56, 133.41, 133.16, 129.94 (2 C), 129.88 (2
C), 129.67 (2 C), 129.12, 128.99, 128.74, 128.49 (2 C), 128.44 (2 C), 128.31 (2
C), 97.04 (C-1), 81.50 (d, J = 175.6, C-6), 71.92 (C-2), 70.25 (C-3), 68.55 (d, J =
6.6, C-4), 68.55 (d, J = 19.8, C-5), 55.74 (OCH3y).

Methyl 2,3,4-tri-O-benzoyl-6-deoxy-6-fluoro-p-D-glucopyranoside (5d)/1%
Deoxo-Fluor in THF (50%, 350 L, 0.81 mmol) was added drop-wise to a so-
lution of 4d (100 mg, 0.20 mmol) in THF (1 mL) at —25°C. After stirring under
argon for 12 h, the reaction mixture was allowed to warm to ambient tem-
perature, stirred overnight, and refluxed for 1 hour. The reaction mixture was
cooled to 0°C and methanol (0.5 mL) was added to quench excess of the reagent.
The reaction mixture was then diluted with CH5Cl, (5 mL) and washed with
saturated NaHCO3 (3 x 5 mL) and water (56 mL), and the aqueous phases
were back-extracted once with CH2Cly (5 mL). The combined organic phases
were washed once with water (10 mL), dried over MgSQy4, and concentrated
under vacuum. The residue was purified by silica gel column chromatography
(toluene/EtOAc, 9/1) to give an oil, which was crystallized twice from MeOH to
give 74 mg (0.15 mmol, 74%) of a white solid, mp. 64-65°C, [¢]% = —1.6° (¢ 1.0,
CHCl3). 'TH NMR (CDCls, 600 MHz) §: 7.96 (m, 2 H, Ar), 7.94 (m, 2 H, Ar),7.82
(m, 2 H, Ar), 7.52 (m, 2 H, Ar), 7.42 (m, 1 H, Ar), 7.38 (m, 4 H, Ar), 7.28 (m, 2
H, Ar), 591 (t, 1 H, H-3), 5.51 (m, 1 H, H-4), 5.50 (m, 1 H, H-2), 4.76 (d, 1 H,
H-1), 4.62 (dd, 2 H, H-6,,), 4.05 (qt, 1 H, H-5), 3.58 (s, 3H, OCHj3). *C NMR
(CDCls, 150 MHz) §: 165.79, 165.24, 165.10, 133.62, 133.28, 133.25, 129.85 (4
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C), 129.75 (2 C), 129.23, 128.72, 128.63, 128.50 (2 C), 128.36 (2 C), 128.31 (2
C), 101.94 (C-1), 81.56 (d, J = 175.6, C-6), 73.22 (d, J = 19.8, C-5), 72.76 (C-3),
71.66 (C-2), 68.83 (d, J = 7.7, C-4), 57.20 (OCH3).

Methyl 2,3,4-tri-O-benzoyl-6-deoxy-6-fluoro-a-D-mannopyranoside (5e)

Compound 5e was prepared as described for 5d, starting with 4e (100 mg,
0.20 mmol). Purification by silica gel column chromatography (toluene/EtOAc,
9/1), followed by crystallization from MeOH gave 64 mg (0.13 mmol, 64%) of
a white solid, mp. 67-68°C, [a]% = —154.3° (¢ 1.0, CHCl3). 'H NMR (CDCls,
600 MHz) §: 8.10 (m, 2 H, Ar), 7.97 (m, 2 H, Ar), 7.83 (m, 2 H, Ar), 7.61 (m, 1
H, Ar), 7.53 (m, 1 H, Ar), 7.49 (m, 2 H, Ar), 7.43 (m, 1 H, Ar), 7.39 (m, 2 H, Ar),
7.26 (m, 2 H, Ar), 5.91 (m, 1 H, H-3), 5.89 (m, 1 H, H-4), 5.68 (m, 1 H, H-2), 5.01
(bs, 1 H, H-1), 4.63 (m, 2 H, H-6,},), 4.27 (m, 1 H, H-5), 3.54 (s, 3 H, OCH3). 13C
NMR (CDCls, 150 MHz) §: 165.53, 165.49, 165.42, 133.56 (2 C), 133.19, 129.93
(2 C), 129.80 (2 ©), 129.73 (2 C), 129.24, 129.03, 128.84, 128.63 (2 C), 128.50 (2
C), 128.30 (2 C), 98.66 (C-1), 81.70 (d, J = 174.5, C-6), 70.34 (C-2), 69.82 (C-3),
69.58 (d, J = 19.8, C-5), 66.24 (d, J = 6.6, C-4), 55.62 (OCH3). HRMS (ESI):
509.1611 (caled 509.1606, M+H™).

2,3,4-Tri-O-benzoyl-1-deoxy-1-fluoro-6-methyl-p-D-glucopyranoside (6d)/ 1%

Compound 6d was obtained according to the procedure described for 5¢,
starting with 4d (50 mg, 0.10 mmol) and DAST (52 uL, ~64 mg, ~0.40
mmol) in dry CH3Clg (1 mL). Purification by silica gel column chromatogra-
phy (toluene/EtOAc, 9.5/0.5) gave 19 mg (0.04 mmol, 38%) of 6d. The structure
of compound 6d was verified by comparing 'H NMR to that reported previ-
ously.[?

Methyl 2,3,6-tri-O-benzoyl-4-deoxy-4-fluoro-a-D-glucopyranoside (8¢)2%21

using DAST

Compound 8c was synthesized as described for 5a starting with 7a
(11.80 g, 23.30 mmol) and DAST (7.5 mL, ~9.2 g, ~56 mmol). After 6 h re-
action time a second portion of DAST (7.5 mL, ~9.2 g, ~56 mmol) was added.
This resulted in a syrup, which, upon crystallization from EtOH, gave 8.50 g
(16.72 mmol, 72%) of a white solid, mp. 140-141°C (li¢.?Y 139-141°C), [«]% =
+101° (c 1.5, CHCIs3). 'H NMR (CDCls, 600 MHz) §: 8.10 (m, 2 H, Ar), 8.02 (m,
2 H, Ar), 7.98 (m, 2 H, Ar), 7.60 (m, 1 H, Ar), 7.52 (m, 2 H, Ar), 7.49 (m, 2 H,
Ar), 7.39 (m, 2 H, Ar), 7.38 (m, 2 H, Ar), 6.13 (m, 1 H, H-3), 5.20 (dd, 1 H, H-2),
5.17 (m, 1 H, H-1),4.77 (m, 1 H, H-4), 4.62 (ddd, 1 H, H-6,), 4.72 (m, 1 H, H-6},),
4.32 (m, 1 H, H-5), 3.47 (s, 3H, OCH3). '*C NMR (CDCl3, 150 MHz) §: 166.16,
165.85, 165.58,133.51, 133.32, 133.30, 129.96 (2 C), 129.80 (2 C), 129.73 (2 C),
129.65, 129.27, 128.83, 128.52 (2 C), 128.47 (2 C), 128.39 (2 C), 96.88 (C-1),
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87.36 (d, J = 187.7, C-4), 71.36 (d, J = 7.7, C-2), 70.45 (d, J = 19.8, C-3), 67.10
(d, J = 23.0, C-5), 62.57, 55.69 (OCH3).

Methyl 2,3,6-tri-O-benzoyl-4-deoxy-4-fluoro-a-D-glucopyranoside (8¢)2%21
using Deoxo-Fluor
Compound 8c was synthesized using Deoxo-Fluor (50% in THF, 415 L,
~215 mg, ~0.97 mmol) and 7a (200 mg, 0.39 mmol) at —25°C for 12 h followed
by stirring overnight in ambient temperature. Workup was performed as for 5d
and crystallization from EtOH gave 90 mg (0.18 mmol, 45%) of a white solid.

Physical and spectroscopic properties were identical to that obtained using
DAST.

Methyl 2,3-di-O-benzoyl-4,6-dideoxy-4,6-difluoro-a-D-glucopyranoside (10c)

using DAST

Compound 10c was synthesized as described for 5a, starting with 9a27
(100 mg, 0.25 mmol) and DAST (300 uL, ~366 mg ~2.3 mmol) to give 75 mg
(0.18 mmol, 74%) of the product as a colorless oil, [¢]%? = +29.4° (¢ 2.0, CHCl3).
'H NMR (CDCl3, 600 MHz) 8: 8.01 (m, 2 H, Ar), 7.97 (m, 2 H, Ar), 7.52 (m, 2
H, Ar), 7.38 (m, 4 H, Ar), 6.10 (m, 1 H, H-3), 5.18 (d, 1 H, H-1), 5.16 (m, 1 H,
H-2), 4.76 (dt, 1 H, H-4), 4.73 (m, 2 H, H-6,,), 4.11 (m, 1 H, H-5), 3.46 (s, 3 H,
OCHjy). ¥C NMR (CDCl3, 150 MHz) 8: 165.78, 165.58, 133.48, 133.32, 129.95
(2 C), 129.80 (2 ©), 129.26, 128.84, 128.45 (2 C), 128.39 (2 C), 97.04 (C-1), 86.01
(dd, J =187.7,7.7,C-4),80.75 (d, J = 174.5, C-6), 71.31 (d, J = 7.7, C-2), 70.39
(d, J = 19.8, C-3), 68.02 (dd, J = 23.0, 17.6, C-5), 55.81 (OCH3). HRMS (ESI):
429.1136 (caled 429.1126, M+Na™).

Methyl 2,3-di-O-benzoyl-4,6-dideoxy-4,6-difluoro-a-D-glucopyranoside (10c)
using Deoxo-Fluor
Compound 10c¢ was synthesized using Deoxo-Fluor as described for 5d
starting with 9¢ (100 mg, 0.25 mmol) and Deoxo-Fluor (50% in THF, 960
ul, ~498 mg ~2.25 mmol). Purification by silica gel column chromatography
(toluene/EtOAc, 9/1) gave 73 mg (0.18 mmol, 72%) of 10c as colorless oil.

Methyl 2,3-O-dibenzoyl-4,6-dideoxy-4,6-difluoro-a-D-talopyranoside (10f)

using DAST

The fluorination was performed as described for 5a starting with methyl
a-D-mannopyranoside (100 mg, 0.51 mmol) and DAST (610 uL, ~740 mg
~4.6 mmol). The reaction mixture was freeze dried to give 108 mg of methyl
4,6-dideoxy-4,6-difluoro-a-D-talopyranoside (11f) as yellowish oil. Crude 11f
was dissolved in dry pyridine (2 mL) and cooled to —10°C. Benzoyl chloride
(1.46 g, 10.39 mmol) was added drop-wise and the mixture was allowed to reach
rt. After 3 d the reaction mixture was cooled to 0°C, and saturated NaHCOs
(2 mL) was added. The mixture was then extracted with CHCIl3 (2 x 10 mL)
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and the organic phase was washed with saturated NaHCO3 (3 x 15 mL) and
water (15 mL), dried over MgSQOy4, and concentrated under vacuum to give yel-
low oil. Purification by silica gel column chromatography (toluene/EtOAc, 9/1),
followed by two crystallizations from EtOH, gave 57 mg (0.14 mmol, 27%) of
a yellow amorphous solid, which melted when handled, [«]%? = —16.4° (c 1.0,
CHCI3). 'H NMR (CDCls, 600 MHz) §: 8.15 (m, 2 H, Ar), 7.93 (m, 2 H, Ar),
7.60 (m, 1 H, Ar), 7.51 (m, 1 H, Ar), 7.48 (m, 2 H, Ar), 7.34 (m, 2 H, Ar), 5.53
(m, 1 H, H-3), 5,562 (m, 1 H, H-2), 5.03 (dd, 1 H, H-4), 5.01(bs, 1 H, H-1), 4.73
(m, 2 H, H-6,,), 4.31 (m, 1 H, H-5), 3.50 (s, 3H, OCHj3). *C NMR (CDCl3,
150 MHz) §: 165.91, 165.33, 133.48, 133.41, 130.09 (2 C), 129.90 (2 C), 129.54,
129.04, 128.51 (2 C), 128.43 (2 C), 99.19 (C-1), 84.95 (dd, J = 190.7, 6.3, C-
4), 81.26 (dd, J = 169.9, 7.1, C-6), 67.99 (C-2), 67.90 (dd, J = 23.6, 18.5, C-5),
66.69 (d, J = 15.9, C-3), 55.63 (OCHj3). HRMS (ESI): 429.1132 (caled 429.1126,
M+Na™).

Methyl 2,3-O-dibenzoyl-4,6-dideoxy-4,6-difluoro-a-D-talopyranoside (10f)
using Deoxo-Fluor
Compound 10f was synthesized as described for 5d starting with methyl
a-D-mannopyranoside (100 mg, 0.51 mmol) and Deoxo-Fluor (50% in THEF,

1.95 mL, ~1.02 g ~4.6 mmol). Benzoylation and purification as described above
gave 55 mg (0.14 mmol, 26%) of 10f.

Methyl 2,3-O-dibenzoyl-4,6-dideoxy-4,6-difluoro-a-D-talopyranoside (10f) from

11f

To a stirred solution of 11f (50 mg, 0.26 mmol) in pyridine (2 mL)
at —10°C was added benzoyl chloride (0.70 g, 4.99 mmol). After addi-
tion the mixture was reacted for 3 d at rt. Then the mixture was cooled
to 0°C, and saturated NaHCO3 (2 mL) was added. The mixture was ex-
tracted with CHCl3 (2 x 10 mL), washed with saturated NaHCO3 (3 x
10 mL) and water (10 mL), dried over MgSQ,, and concentrated under vac-
uum to give yellow oil. Purification by silica gel column chromatography
(toluene/EtOAc, 9/1), followed by two crystallizations from EtOH, gave 78 mg
(0.19 mmol, 74%) of a yellow amorphous solid 10f. The spectroscopic properties
corresponded with that described above.

Isolation of methyl 4,6-dideoxy-4,6-difluoro-a-D-talopyranoside 2,3-cylic sulfite
(12f) and methyl 4,6-dideoxy-4,6-difluoro-a-D-talopyranoside (11f)2131
using DAST
Compound 12f: To a stirred solution of methyl «-D-mannopyranoside (800

mg, 4.12 mmol) in anhydrous CH2Cl, (25 mL) at —20°C was added DAST (2.5

mL, 20 mmol). After adding of DAST the mixture was stirred for 2 h at rt.

Then the mixture was cooled and quenched with MeOH (10 mL). The resulting

mixture was concentrated under reduced pressure. Upon addition of MeOH
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(5 mL) and water (20 mL) a white solid precipitated, which was separated
by filtration. This procedure was repeated twice and the combined solid was
recrystallized from MeOH/water to give 270 mg (1.11 mmol, 27%) of 12f as a
white solid, mp. 122.5-123.0°C, [«]?? = +3.8° (¢ 1.0, CHCI3). 'H NMR (CDCl3,
600 MHz) §: 5.21 (bs, 1 H, H-1), 5.01 (dt, J = 23.8,4.5, 1 H, H-3,), 4.76 (bd, J =
4.9, 1-H, H-2), 4.66 (dd, J = 49.5, 4.5, 1 H, H-4), 4.63 (m, 2 H, H-6,,), 4.07 (m,
J =28.9,13.7,6.1, 1 H, H-5), 3.48 (s, 3 H, OCH3). 13C NMR (CDCl3, 150 MHz)
8: 96.50 (C-1), 81.48 (dd, J = 170.8, 6.1, C-4), 80.84 (dd, J = 188.5, 6.1, C-6),
76.10 d, J = 17.1, C-3), 73.67 (C-2), 65.25 (dd, 24.3, 18.2, C-5), 55.83 (O-CHjy).
19F NMR (CDCl3, 470 MHz) 8: —231.87 (dt, J = 46.0, 13.8), —210.38 (m) HRMS
(ESI): 245.0289 (caled 245.0290, M+H). Compound 11f: Concentration of the
mother liquor followed by silica gel column chromatography (CHCl3/MeOH,
9/1) yielded 390 mg (1.97 mmol, 48%) of 11f as colorless crystals, mp. 88-89°C,
1it.21 90-92°C. [«]% = +96.2° (¢ 1.0, CHCly), 1it.®!! 101.9 (c 1.02 MeOH). 'H
NMR (CDCls3, 600 MHz) §: 4.88 (bs, 1 H, H-1), 4.80 (m, J = 50.5, 1.4, 1 H, H-4),
4.63 (m, J = 46.8, 2 H, H-6,), 4.08 (m, 1 H- H-5, J = 31.9, 19.3, 6.1), 3.83 (m,
J =31.6,3.0,1H, H-3), 3.79 (m, 1 H, H-2), 3.43 (s, O-CHj3). 1*C NMR (CDCl3,
150) §: 101.53 (C-1), 90.05 (dd, J = 178.0, 6.1, C-4), 81.27 (dd, J = 169.7, 7.2,
C-6), 69.86 (C-2), 67.40 (dd, 23.8, 18.2, C-5), 65.27 (d, J = 16.6, C-3), 55.55
(O-CHy). F NMR (CDCl3, 470 MHz) §: —231.71 (dt, J = 46.0, 13.8), —216.73
(m).

Methyl 4,6-dideoxy-4,6-difluoro-a-D-talopyranoside 2,3-cylic sulfite (12f) from

11f

The synthesis was done essentially as described by Lohray et al.*4 To a
solution of 11f (20 mg, 0.1 mmol) in dry CCl, (1 mL) was added SOCl; (20 uL,
0.25 mmol) and triethylamine (35 pL, 0.25 mmol). The mixture was refluxed
for 45 min, then cooled to rt, diluted with CHCl3 (3 mL), and washed with
NaHCOg3 (3 x 5 mL) and water (5 mL). Drying over MgSO,4 and concentration
in vacuum gave 21 mg of yellow oil. Crystallization from MeOH (0.2 mL) and
water (0.5 mL) gave 11 mg (0.04 mmol, 44%) of a white solid with identical
NMR spectroscopic properties as for 12f described above.

Methyl 2,4,6-tri-O-benzoyl-3-deoxy-3-fluoro-p-D—-glucopyranoside (13d)
3-Deoxy-3-fluoro-D-glucose (200 mg, 1.10 mmol) was dissolved in
HC1-MeOH (1 mL, 0.5 N) and refluxed for 3 d. Then, the reaction mixture was
concentrated and submitted to the same treatment once more to give 237 mg
of colorless oil. The crude mixture was then dissolved in dry pyridine (2 mL)
and cooled to 0°C, followed by drop-wise addition of benzoyl chloride (1.46 g,
10.4 mmol). The reaction mixture was warmed to rt and stirred for 3 d. The
reaction mixture was then cooled to 0°C, treated with saturated NaHCOg3 (5
mL), and extracted with CHCl3 (4 x 10 mL). The organic phases were washed
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with water (20 mL) and concentrated under vacuum. TLC indicated two prod-
ucts that were separated by silica gel column chromatography (toluene/EtOAc,
9.5/0.5). This gave 22 mg (0.04 mmol, 3%) of 14d, and after two crystalliza-
tions from EtOH 70 mg (0.14 mmol, 13%) of 13d, white solid, mp. 146-147°C,
[0]?? = —17.4° (c 0.5, CHCl3). 'H NMR (CDCl3, 600 MHz) 8: 8.08 (m, 2 H, Ar),
8.03 (m, 2 H, Ar), 8.01 (m, 2 H, Ar), 7.59 (m, 1 H, Ar), 7.58 (m, 1 H, Ar), 7.54
(m, 1 H, Ar), 7.45 (m, 2 H, Ar), 7.42 (m, 2 H, Ar), 7.39 (m, 2 H, Ar), 5.66 (m, 1
H, H-4), 5.48 (m, 1 H, H-2), 4.96 (dt, 1 H, H-3), 4.66 (m, 1 H, H-6;,), 4.64 (d, 1
H, H-1), 4.47 (dd, 1 H, H-6,), 4.02 (m, 1 H, H-5), 3.52 (s, 3 H, OCHj). 13C NMR
(CDCls, 150 MHz) 6: 166.17, 164.95, 164.92, 133.62, 133.40, 133.20, 129.93 (2
C), 129.92 (2 C), 129.73 (2 C), 129.50, 129.38, 128.91, 128.51 (2 C), 128.44 (2C),
128.39 (2 C), 101.37 (d, J = 10.7, C-1),91.79 (d, J = 191.3, C-3), 71.99 d, J =
18.7, C-2), 71.10 d, J = 7.7, C-5), 69.73 (d, J = 18.7, C-4), 62.96 (d, J = 1.6,
C-6), 57.12 (OCH3). HRMS (ESI): 509.1611 (caled 509.1612, M+H™).

1,3,4,6-Tetra-0-benzoyl-3-deoxy-3-fluoro-B-D-glucopyranoside (14d)

3-Deoxy-3-fluoro-D-glucose (70 mg, 0.38 mmol) was dissolved in dry pyri-
dine (1 mL) and cooled to —10°C. Benzoyl chloride (220 mg, 1.57 mmol) was
added drop-wise and the mixture was stirred at rt. After 3 d the reaction mix-
ture was cooled, diluted with saturated NaHCO3 (0.5 mL), and extracted with
CHCl; (4 x 10 mL). The organic phases were then washed with saturated
NaHCOs3 (3 x 10 mL) and water (10 mL), dried over MgSO,, and concentrated
under vacuum. The resulting oil was crystallized twice from MeOH to give 111
mg (0.19 mmol, 49%) of compound 14d as a white solid, mp. 231-232°C, [«]%
= 49.6° (c 1.0, CHCIl3). 'H NMR (CDCl3, 600 MHz) §: 8.04 (m, 2 H, Ar), 8.02
(m, 6 H, Ar), 7.58 (m, 1 H, Ar), 7.54 (m, 2 H, Ar), 7.53 (m, 1 H, Ar), 7.43 (m,
2 H, Ar), 7.40 (m, 4 H, Ar), 7.39 (m, 2 H, Ar), 6.18 (d, 1 H, H-1), 5.84 (m, 1 H,
H-2),5.81 (m, 1 H, H-4), 5.11 (dt, 1 H, H-3), 4.66 (dd, 1 H, H-6},), 4.46 (dd, 1 H,
H-6,), 4.26 (m, 1 H, H-5). 13C NMR (CDCls, 150 MHz) §: 166.09, 164.89, 164.84,
164.61, 133.94, 133.72, 133.62, 133.16, 130.21 (2 C), 129.96 (2 C), 129.89 (2 C),
129.82 (2 C), 129.43, 128.82, 128.76, 128.56 (4 C), 128.50 (2 C), 128.36 (2 C),
128.27,91.95d, J = 11.0, C-1),91.64 (d, J = 193.2, C-3), 72.12 (d, J = 6.6, C-
5), 70.87 (d, J = 19.8, C-2), 69.02 (d, J = 19.8, C-4), 62.47 (C-6). HRMS (ESI):
621.1542 (caled 621.1531, M+Na™).

1,3,4,6-Tetra-0O-benzoyl-2-deoxy-2-fluoro-B-D—glucopyranoside (15d)
Compound 15d was synthesized as described for 14d, starting with 2-
deoxy-2-fluoro-D-glucose (70 mg, 0.38 mmol). This gave after crystallization
from MeOH 118 mg (0.20 mmol, 52%) of compound 15d as a white solid, mp.
169-170°C, [a]# = +23.7° (¢ 1.0, CHCl3). 'H NMR (CDCl;, 600 MHz) §: 8.12
(m, 2 H, Ar), 8.00 (m, 2 H, Ar), 7.99 (m, 2 H, Ar), 7.92 (m, 2 H, Ar), 7.61 (m,
1H, Ar), 753 (m, 1 H, Ar), 7.52 (m, 1 H, Ar), 7.51 (m, 1 H, Ar), 7.46 (m, 2 H,
Ar), 7.38 (m, 2 H, Ar), 7.37 (m, 2 H, Ar), 7.35 (m, 2 H, Ar), 6.28 (dd, 1 H, H-1),
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5.97 (m, 1 H, H-3), 5.71 (t, 1 H, H-4), 4.91 (ddd, 1 H, H-2), 4.62 (dd, 1 H, H-6y,),
4.46 (dd, 1 H, H-6,), 4.34 (m, 1 H, H-5). 13C NMR (CDCls, 150 MHz) : 166.03,
165.47, 165.15, 164.44, 133.97, 133.63, 133.51, 133.11, 130.22 (2 C), 129.88 (4
C), 129.78 (2 C), 129.47, 128.82, 128.56 (2 C), 128.53, 128.50 (2 C), 128.45 (2 C),
128.36, 128.34 (2 C), 91.98 (d, J = 24.2, C-1), 88.64 (d, J = 192.1, C-2), 73.03
(d,J = 19.8, C-3), 72.98 (C-5), 68.62 (d, J = 6.6, C-4), 62.58 (C-6). HRMS (ESI):
621.1549 (caled 621.1531, M+Na).

ACKNOWLEDGMENTS

NTNU is acknowledged for use of NMR facilities, Anders Jahres Foundation
for financial support, and Anders Brunsvik for HRMS.

REFERENCES

1. Muller, K.; Faeh, C.; Diederich, F. Fluorine in pharmaceuticals: looking beyond
intuition. Science 2007, 317(5846), 1881-1886.

2. Hagmann, W.K. The many roles for fluorine in medicinal chemistry. J. Med. Chem.
2008, 51(15), 4359-4369.

3. Cirkva, V.,; Polak, R.; Paleta, O.; Kefurt, K.; Moravcova, J.; Kodicek, M.; Forman,
S. Novel perfluoroalkylated derivatives of D-galactopyranose and xylitol for biomedi-
cal uses. Hemocompatibility and effect on perfluorocarbon emulsions. Carbohydr. Res.
2004, 339(13), 2177-2185.

4. Lowe, K.C. Blood substitutes: from chemistry to clinic. J Material. Chem. 20086,
16(43), 4189-4196.

5. Burkart, M.D.; Vincent, S.P.; Duffels, A.; Murray, B.W.; Ley, S.V.; Wong, C.H.
Chemo-enzymatic synthesis of fluorinated sugar nucleotide: useful mechanistic probes
for glycosyltransferases. Bioorg. Med. Chem. 2000, 8(8), 1937-1946.

6. Rye, C.S.; Withers, S.G. Elucidation of the mechanism of polysaccharide cleav-
age by chondroitin AC lyase from Flavobacterium heparinum. J. Am. Chem. Soc. 2002,
124(33), 9756-9767.

7. Ly, H.D.; Lougheed, B.; Wakarchuk, W.W.; Withers, S.G. Mechanistic studies of
a retaining o-galactosyltransferase from Neisseria meningitidis. Biochemistry 2002,
41(16), 5075-5085.

8. Maschauer, S.; Pischetsrieder, M.; Kuwert, T.; Prante, O. Utility of 1,3,4,6-tetra-O-
acetyl-2-deoxy-2-[18F]fluoroglucopyranoside for no-carrier-added 18F-glycosylation of
amino acids. J. Labelled Compd. Radiopharm. 2005, 48(10), 701-719.

9. Kohli, K.; Chaudhary, H.; Rathee, P.; Rathee, S.; Kumar, V. Radiopharmaceutical:
revolutionary agents for diagnosis. Curr. Radiopharm. 2009, 2(2), 102-111.

10. Fokt, I.; Szymanski, S.; Skora, S.; Cybulski, M.; Madden, T.; Priebe, W. D-Glucose-
and D-mannose-based anti-metabolites. Part 2. Facile synthesis of 2-deoxy-2-halo-D-
glucoses and -D-mannoses. Carbohydr. Res. 2009, 344(12), 1464-1473.

11. Xu, X.H.; Qiu, X.L.; Zhang, X.; Qing, F.L.. Synthesis of L- and D-3'-Deoxy-3',3'-
difluoronucleosides. J. Org. Chem. 2006, 71(7), 2820-2824.



20: 23 22 January 2011

Downl oaded At:

366 A.M. Esmurziev et al.

12. Reux, B.; Weber, V.; Galmier, M.J.; Borel, M.; Madesclaire, M.; Madelmont, J.C.;
Debiton, E.; Coudert, P. Synthesis and cytotoxic properties of new fluorodeoxyglucose-
coupled Chlorambucil derivatives. Bioorg. Med. Chem. 2008, 16(9), 5004—-5020.

13. Yeung, AW.H. Treatment of cancer and other diseases by administration of
positron-emitting radiopharmaceuticals. WO 2002058741, 2001.

14. Frick, W.; Glombik, H.; Kramer, W.; Heuer, H.; Brummerhop, H.; Plettenburg, O.
Synthesis of aromatic fluoroglycoside derivatives for use as antidiabetic agents. WO
2004052902, 2003.

15. Brummerhop, H.; Frick, W.; Glombik, H.; Plettenburg, O.; Bickel, M.; Heuer, H.;
Theis, S. Synthesis of fluoro-glycoside derivs. of pyrazoles for use in treatment of dia-
betes or for lowering blood sugar levels. WO 2005121161, 2005.

16. Benito, D.; Matheu, M.1.; Morere, A.; Diaz, Y.; Castillon, S. Towards the prepara-
tion of 2”-deoxy-2"-fluoro-adenophostin A. Study of the glycosylation reaction. Tetrahe-
dron 2008, 64(48), 10906-10911.

17. Dax, K.; Albert, M.; Ortner, J.; Paul, B.J. Synthesis of deoxyfluoro sugars from
carbohydrate precursors. Carbohydr. Res. 2000, 327(1-2), 47-86.

18. Hudlicky, M. Fluorination with diethylaminosulfur trifluoride and related
aminofluorosulfuranes. Org. React. (Hoboken, NJ, U.S.) 1988, 35, 513—641.

19. Lin, P.C,; Adak, A.K,; Ueng, S.H.; Huang, L.D.; Huang, K.T.; Ho, J.a.A.; Lin, C.C.
DAST-Mediated regioselective anomeric group migration in saccharides. J. Org. Chem.
2009, 74(11), 4041-4048.

20. Withers, S.G.; MacLennan, D.d.; Street, I.P. The synthesis and hydrolysis of a se-
ries of deoxyfluoro-D-glucopyranosyl phosphates. Carbohydr. Res. 1986, 154, 127-144.

21. Card, P.J. Fluorinated carbohydrates. Use of (diethylaminosulphur) trifluoride in
the synthesis of fluorinated sugars. J. Org. Chem. 1983, 48(3), 393-395.

22. Petrakova, E.; Yeh, H.J.C.; Kovac, P.; Glaudemans, C.P.J. Two methyl tri-O-
benzoylhexenopyranosides are amongst the products of the reaction of methyl 2,3,6-
tri-O-benzoyl--D-galactopyranoside with DAST. J. Carbohydr. Chem. 1992, 11(3),
407-412.

23. Kihlberg, J.; Frejd, T.; Jansson, K.; Sundin, A.; Magnusson, G. Synthetic re-
ceptor analogs: preparation and calculated conformations of the 2-deoxy, 6-O-methyl,
6-deoxy, and 6-deoxy-6-fluoro derivatives of methyl 4-O-a-D-galactopyranosyl-g-D-
galactopyranoside (methyl B-D-galabioside). Part 3. Carbohydr. Res. 1988, 176(2),
271-286.

24. Lal, G.S.; Pez, G.P; Pesaresi, R.J; Prozonic, FM.; Cheng, H. Bis(2-
methoxyethyl)aminosulfur trifluoride: a new broad-spectrum deoxofluorinating agent
with enhanced thermal stability. J. Org. Chem. 1999, 64(19), 7048-7054.

25. Singh, R.P.; Meshri, D.T.; Shreeve, J M. DAST and Deoxofluor mediated nucle-
ophilic fluorination reactions of organic compounds. Adv. Org. Synth. 2006, 2, 291-326.

26. Singh, R.P; Shreeve, JM. Recent advances in nucleophilic fluorination reac-
tions of organic compounds using deoxofluor and DAST. Synthesis 2002, (17), 2561—
2578.

27. Esmurziev, A.; Sundby, E.; Hoff, B.H. Regioselective C-6 hydrolysis of methyl O-
benzoyl-pyranosides catalyzed by Candida rugosa lipase. Eur. J. Org. Chem. 2009, (10),
1592-1597.

28. Tashiro, T.; Nakagawa, R.; Inoue, S.; Shiozaki, M.; Watarai, H.; Taniguchi, M.;
Mori, K. RCAI-61, the 6'-O-methylated analog of KRN7000: its synthesis and potent



20: 23 22 January 2011

Downl oaded At:

Benzoylated Deoxyfluoropyranosides 367

bioactivity for mouse lymphocytes to produce interferon-y in vivo. Tetrahedron Lett.
2008, 49(48), 6827-6830.

29. Cai, S.; Hakomori, S.; Toyokuni, T. Application of protease-catalyzed regioselective
esterification in synthesis of 6’-deoxy-6'-fluoro- and 6-deoxy-6-fluorolactosides. J. Org.
Chem. 1992, 57(12), 3431-3437.

30. Kihlberg, J.; Frejd, T.; Jansson, K.; Magnusson, G. Unexpected formation of the
3,6-anhydro and 6-O-methyl-1-fluoro derivatives of galabiose on attempted substitu-
tion of 6-hydroxy by fluorine in methyl 4-O-a-D-galactopyranosyl-D-galactopyranoside
(methyl-g-D-galabioside). Carbohydr. Res. 1988, 176(2), 287-294.

31. Liu, J.L.C.; Shen, G.J.; Ichikawa, Y.; Rutan, J.F.; Zapata, G.; Vann, W.F.; Wong,
C.H. Overproduction of CMP-sialic acid synthetase for organic synthesis. J. Am. Chem.
Soc. 1992, 114(10), 3901-3910.

32. Coe, PL.; Proctor, L.D.; Martin, J.A.; Thomas, W.A. An unusual reaction of myo-
inositol with sulfur tetrafluoride. J. Fluorine Chem. 1992, 58(1), 87-92.

33. Coe, PL.; Maunder, P.; Frampton, C.S.; Martin, J.A.; Anthony, T.; Whitcombe,
ILW. A. Fluorination of (+4)-chiro-inositol with SF4/HF to give 2-«, 3-g-difluoro-7-
oxabicyclo[2.2.1]heptane-5-a-6-B-sulfite. J. Fluorine Chem. 2002, 115(1), 13-20.

34. Kovac, P; Yeh, H.J.C.; Glaudemans, P.J. Synthesis and NMR spectra of methyl
2-deoxy-2-fluoro- and 3-deoxy-3-fluoro-a—and B-D-glucopyranosides. Carbohydr. Res.
1987, 169, 23-34.

35. Kovac, P; Glaudemans, C.P.J. Stereocontrolled synthesis of 6’-deoxy-6'-fluoro
derivatives of methyl a-sophoroside, a-laminaribioside, a-kojibioside and a-nigeroside.
J. Carbohydr. Chem. 1988, 7(2), 317-335.

36. Nandi, A.; Chattopadhyay, P. Synthesis of chiral trans-fused pyrano[3,2-
cl[2]benzoxocines from D-mannose by regioselective 8-endo-aryl radical cyclization.
Tetrahedron Lett. 2002, 43(34), 5977-5980.

37. Esmurziev, A.; Simic, N.; Sundby, E.; Hoff, B.H. (1)H and (13)C NMR data
of methyl tetra-O-benzoyl-D-pyranosides in acetone-d(6). Magnetic Res. Chem. 2009,
47(5), 449-452.

38. Ziegler, T.; Kovac, P.; Glaudemans, C.P.J. Selective bromoacetylation of alkyl hex-
opyranosides: a facile preparation of intermediates for the synthesis of (1 -> 6)-linked
oligosaccharides. Carbohydr. Res. 1989, 194, 185-198.

39. Komiotis, D.; Agelis, G.; Manta, S.; Tzioumaki, N.; Tsoukala, E.; Antonakis, K.
A facile, one-step conversion of 6-O-trityl and 6-O-TBDMS monosaccharides into the
corresponding formate esters. J. Carbohydr. Chem. 2006, 25(6), 441-450.

40. Ding, X.; Wang, W.; Kong, F. Detritylation of mono- and di-saccharide derivatives
using ferric chloride hydrate. Carbohydr. Res. 1997, 303(4), 445-448.

41. Agoston, K.; Kroeger, L.; Dekany, G.; Thiem, J. On resin modification of monosac-
charides. J. Carbohydr. Chem. 2007, 26(8-9), 513-525.

42. Kumar, G.D.K.; Baskaran, S. A facile, catalytic, and environmentally benign
method for selective deprotection of tert-butyldimethylsilyl ether mediated by phos-
phomolybdic acid supported on silica gel. J. Org. Chem. 2005, 70(11), 4520—4523.

43. Edington, R.A.; Hirst, E.L.; Percival, E.E. Synthesis of methyl ethers of man-
nuronic and glucuronic acid, and their reaction with periodate. J Chem. Soc. 1955,
2281-2288.

44. Lohray, B.B.; Ahuja, J.R. Synthesis of homochiral amino alcohols, aziridines and
diamines via homochiral cyclic sulfites. J Chem. Soc. Chem. Commun. 1991, (2), 95-97.



