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Abstract—The dithionite-mediated addition of BrCF,Cl to 3,4-di-O-pivaloyl-p-xylal (1) generated preferably 1-CF,Cl-substituted
products, that is, (2-bromo-2-deoxy-3,4-di-O-pivaloyl-B-p-xylopyranosyl)-chlorodifluoromethane and (2-deoxy-3,4-di-O-pivaloyl-
B-p-threo-pentopyranosyl)-chlorodifluoromethane. Selected chlorodifluoromethyl-substituted monosaccharide derivatives were
hydrodechlorinated or alkylated at the CF,Cl-group using tin reagents under radical reaction conditions. Thus,
hydrodechlorinations of (2,3,4-tri-O-acetyl-6-deoxy-a-L-galactopyranosyl)-chlorodifluoromethane and of methyl 3,4-di-O-acetyl-
2-C-chlorodifluoromethyl-2,6-dideoxy-o/B-L-glucopyranoside are reported using tri-n-butyltin hydride initiated by AIBN. UV-
initiated allylations are reported for reactions of (2-deoxy-3,4-di-O-pivaloyl-B-D-threo-pentopyranosyl)-chlorodifluoromethane,
(2,3,4-tri-O-acetyl-6-deoxy-o-L-galactopyranosyl)-chlorodifluoromethane, 1,3,4,6-tetra-O-acetyl-2-C-chlorodifluoromethyl-2-deoxy-
a-D-glucopyranose, 1,3,4,6-tetra-O-acetyl-2-C-chlorodifluoromethyl-2-deoxy-o-pD-mannopyranose and methyl 3,4-di-O-acetyl-2-C-

chlorodifluoromethyl-2-deoxy-a/B-b-rabinopyranoside with allyltri-n-butyltin.
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1. Introduction

The interest in fluorinated analogues of natural sub-
stances 1s increasing continuously because introduction
of fluorine or fluoroalkyl groups may significantly mod-
ify the chemical, physical and biological properties of
the natural substances.” ® ‘Organic fluorine’ has proven
to be valuable and auspicious in bioorganic and medical
chemistry, because fluorine can, when strategically posi-
tioned, suppress adventitious metabolism, relative to the
hydrocarbon analogue. The occurrence of a fluorine
substituent in commercial pharmaceutical compounds
continues to increase from 2% in 1970 to estimates of

*Organofluorine Compounds and Fluorinating Agents, Part 34; for
Part 33 see Ref. 1.
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more that 18% at present.'” In view of potential biolog-
ical properties, new gem-difluorinated compounds
attract special attention.'"'> Moreover, a difluoro-
methylene group introduced instead of an oxygen atom
in compounds with a sensitive C-O-bond (e.g., a glyco-
sidic bond) can be used to stabilize such compounds
without significantly changing the electronic properties
of the parent substance. However, selective methods of
fluoroalkylation are fairly rare, especially, in carbo-
hydrate chemistry.'?

2. Results and discussion

2.1. Chlorodifluoromethylation of glycals

In previous papers,''*!> we reported the introduction of

a chlorodifluoromethyl group into 1,2-unsaturated
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carbohydrates by dithionite-mediated addition of BrC-
F>Cl to the double bond. The starting materials were
the peracetylated p-glucal,'*!> L-rhamnal,''* p-ribal
(p-arabinal)'* and p-xylal.'* In all cases, the chlorodiflu-
oromethyl group was predominantly added to the
more electron-rich 2-position of the glycals. As radical
intermediates are involved in the sodium dithionite-
mediated fluoroalkylations of unsaturated substrates,'®!”
transformations of unsaturated carbohydrates lead to
different by-products. Thus, 3,4-di-O-acetyl-p-xylal
reacted with BrCF,Cl to give 3,4-di-O-acetyl-2-C-chloro-
difluoromethyl-2-deoxy-pD-xylopyranose in an isolated
yield of 54%, in addition to some unidentified by-prod-
ucts.'* It could be shown by complete elucidation of the
by-products from rL-rhamnal and BrCF,Cl that some of
the by-products were compounds with a chlorodifluoro-
methyl group at the 1-position.’

1-Chlorodifluoromethyl derivatives are interesting
C-glycosides, which could be suitable precursors for
CF,-bridged glycoside mimetics. Therefore, we focussed
our efforts on finding a method that allows regioselective
1-chlorodifluoromethylations. The aim was achieved by
modification of the 1,2-unsaturated sugar derivatives.
Thus, peracylated 2-hydroxy-glycals, that is, 1,5-an-
hydro-2,3,4-tri-O-pivaloyl-p-threo-pent-1-enitol, 2,3,4-
tri-O-acetyl-1,5-anhydro-6-deoxy-L-/yxo-hex-1-enitol and
2,3,4,6-tetra-O-acetyl-1,5-anhydro-p-arabino-hex-1-enitol
were used as starting materials. The dithionite-mediated
additions of BrCF,Cl to these compounds produced
the desired C-glycosides 1,5-anhydro-1-(S)-chlorodifluo-
romethyl-2,3,4-tri-O-pivaloyl-p-ribitol, 2,3,4-tri-O-acet-
yl-1,5-anhydro-1-(R)-chlorodifluoromethyl-6-deoxy-L-
galactitol and 2,3.4,6-tetra-O-acetyl-1,5-anhydro-1-
(S)-chlorodifluoromethyl-p-glucitol, respectively, in
moderate to good yields.'

Although an earlier experiment showed that 3,4,6-tri-
O-pivaloyl-p-galactal and CF,Br, give the correspond-
ing 2-C-bromodifluoromethyl-substituted bD-galactose
derivative in a dithionite-mediated reaction,'® we tested
three additional models to determine if (compared with
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acetyl protecting groups) the more bulky pivaloyl
groups could direct a CICF,-group into the 1-position
of peracylated glycals. Thus, 3,4-di-O-pivaloyl-p-arabi-
nal, 3,4,6-tri-O-pivaloyl-p-glucal, and 3,4-di-O-piva-
loyl-p-xylal (1) were reacted with BrCF,Cl in the
presence of sodium dithionite.'"” The result was that
the p-arabinal and Dp-glucal derivatives only produced
product mixtures similar to those obtained from the cor-
responding acetylated analogues'® (for further reference
data see also Refs. 14 and 15). However surprisingly, the
pivaloylated p-xylal derivative 1 formed predominantly
two 1-fluoroalkylated products (overall yield 46%) as
shown in Scheme 1. Although the mixed fraction of
these two compounds 4 and 5 could not be separated
by flash chromatography, crystals of the pure com-
pounds were obtained from the crystalline mixture of
this fraction. Thus, the most important analytical data,
including X-ray measurements, could be determined
for each of the two compounds. Because the two prod-
ucts show the same configuration at C-1, the mixture
was treated with sodium dithionite in DMF/methanol
to reduce bromo derivative 4 into the product 5. By
analogy with the procedure described by Constantino
et al.?® for hydrodeiodinations of 2-iodo-2-deoxy-sug-
ars, the dithionite reagent allowed the desired hydro-
dehalogenation yielding methylene derivative 5 in pure
form.

The structure of the 2-bromo-derivative 4 (Fig. 1)
shows the equatorial arrangement of the substituents
at the 1- and 2-positions. This indicates a trans-addition
of the BrCF,Cl reagent to the p-xylal derivative 1; the
bromine atom was likewise introduced trans to the pro-
tective group at the 3-position. The structure of 5 was
likewise confirmed by X-ray-analysis.'” When the radi-
cal addition of BrCF,Cl to 3,4-di-O-pivaloyl-p-xylal
(1) was carried out in dry methanol, the overall yield
of the products was only low and the introduction of
the CF,Cl-group was not exclusively introduced at the
I-position. Under these reaction conditions, we ob-
tained the anomeric methyl glycosides 6 in 22% yield
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Scheme 1. Reagents and conditions: (i) BrCF,Cl, Na,S,04, NaHCO3;, CH;CN, H,0, —10 °C — rt, 9 h; (ii) BrCF,Cl, Na,S,0,4, NaHCO;, MeOH,

—10°C —rt, 9 h.
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Figure 1. Molecular structure of (2-bromo-2-deoxy-3,4-di-O-pivaloyl-B-p-xylopyranosyl)-chlorodifluoromethane (4) with 30% probability of the

thermal ellipsoids.

and product 5 in 7% yield (Scheme 1); bromo-derivative
4 was not found.

2.2. Transformation of the chlorodifluoromethyl group

Chlorodifluoromethylated sugars open new possibilities
for consecutive reactions by activation of the C-CI-
bond. Previously, the transformation of a chlorodi-
fluoromethyl group into a trifluoromethyl group was
reported.'> However, because of the lower reactivity of
the CF,—Cl bond compared to a CF,-Br bond of
bromodifluoromethylated sugars,'® the transformation
required a more active fluorination reagent (TBAF/
CsF)."?

gem-Difluorinated compounds are of particular inter-
est in view of their potential biological properties.''!?
Therefore, we studied some possibilities to activate the
carbon—-chlorine bond of the chlorodifluoromethyl
group. At first, compound 7' was hydrodechlorinated
by treatment with tri-n-butyltin hydride and AIBN in
toluene. The isolated yield of product 8 was 88%
(Scheme 2). In a second experiment, the possibility of
a selective deprotonation of the CF,H moiety was inves-
tigated as a prerequisite for the following C-C-bond for-
mations with selected electrophiles. Initially, compound
8 was transformed into a benzyl derivative 10 as shown
in Scheme 2 (overall yield of 10 via two steps: 80%). Sub-
sequent treatment of 10 with lithium diisopropylamide
did not result in deprotonation of the CF,H-group,

(0}

but instead deprotonation of the likewise acidified pro-
ton at C-1 occurred. The unsaturated product, formed
in very poor yields under HF-elimination, has an exo-
cyclic fluoromethylene group at C-1.

Subsequently, radical activation of the CF,X-group
was investigated. First, a chloro-pyridino-cobaloxime(I)-
complex?' was used to activate the CF,Br-group of
compound 11'® and simultaneously reacted with 1-
octene. The column chromatographic separation of the
product mixture gave a pure fraction of methyl 3.4,
6-tri-O-acetyl-2-deoxy-2- C-difluoromethyl-B-p-glucopy-
ranoside'® in 14% isolated yield and a mixed fraction of a
saturated and at least two unsaturated products, proba-
bly compound 12 and E/Z-mixtures of products contain-
ing a double bond in the side chain. The latter was
reduced with Pd/C and H, yielding exclusively product
12 in 68% overall yield (Scheme 3).

The application of this procedure on the reaction of
chlorodifluoromethyl derivative 7 with 1-octene resulted
in a complex product mixture containing only small
amounts of the desired product of C-C-coupling. The
major component was the CF,H-derivative 8.

Similarly, the reaction of the anomeric chlorodifluo-
romethyl derivatives 14 with the more reactive ethyl
vinyl ether yielded only products of hydrodechlorination
(Scheme 4). In this case the reaction was carried out in
the presence of n-Bu;SnH/AIBN for the radical genera-
tion. Following the procedure described in Section 4.10,
the ao-anomer 15 was isolated in 32% yield. When the
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Scheme 2. Reagents and conditions: (i) n-BusSnH, AIBN, toluene, argon, reflux, 3 h; (ii) cat. z-BuOK, CH30H, rt, 12 h; (iii) BnBr, NaH, DMF, rt,

6 h.
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Scheme 3. Reagents and conditions: (i) 1-octene, Al, 1,, chloro-
pyridino-cobaloxime(III)-complex, CH3;0H, 0°C-rt, 4-5h; (ii)) H,
(1 atm), Pd/C, EtOAc, rt, 3 d.

procedure was modified in such a way, that solutions of
n-BusSnH and AIBN were simultaneously added drop
by drop, no significant change of the product spectrum
was observed. B-Configurated products could not be
identified in the product mixtures, however, decomposi-
tion was observed. Consequently, only some small frac-
tions of fluorine-free (not identified) compounds could
be separated beside product 15. The "F NMR spectra
of these fractions did not show any signals related to a
CF,H-group or to the expected CF,—C-group.

Compound 15 crystallized from n-heptane and EtOAc
in single crystals. Its molecular structure shows that the
o-L-gluco-configured ring adopts a 'C4-chair-conforma-
tion. All substituents with the exception of the methoxy
group are equatorially arranged (Fig. 2).

The following experiment is based on a strategy of
Arnone et al.>?> Under radical reaction conditions, the
authors cyclized different allyl ethers of 1-chloro-1,1-
difluoro-3-(p-tolylsulfonyl)propan-2-ols leading to five-
membered carbocyclic rings. We started with allyl
derivative 17, prepared from 16'* analogous to Refs.
23 and 24 (Scheme 5). However, because the CF,Cl-
group of 17 is linked to a sp>-hybridized carbon, a rad-
ical cyclization would lead to a sp>-hybridized bridging
carbon in a system of condensed rings, that is, the
formation of the bicyclic compound (I) (5-exo-trig
reaction) is not expected. Nevertheless, the bicyclic
byproduct 18 with a fused six-membered ring (6-endo-
trig reaction) was formed in 11% yield. However, the
major product (isolated yield 80%) was also in this case,

AcO OCH;

AcO CF,(Cl
14

—L > AcO

Figure 2. Molecular structure of methyl 3,4-di-O-acetyl-2-C-difluoro-
methyl-2,6-dideoxy-o-L-glucopyranoside (15) with 50% probability of
the thermal ellipsoids.

a hydrodechlorinated CF,H-derivative, compound 19,
with intact allyl group at C-1 (Scheme 5).

The F NMR spectrum of compound 18 shows two
doublets at —93.8 and —106.5 ppm with a fluorine—fluo-
rine coupling of 242 Hz. These chemical shifts and cou-
pling indicate the replacement of the chlorine atom by a
carbon atom. The corresponding 'H and '*C NMR
spectra contain appropriate signals for three new CH,-
groups, whereas a new signal for a CH3-group, required
for product (I), was not found. The fact that C-2 of com-
pound 18 is quaternary and C-3 is tertiary proves that
the product is 2,3-unsaturated. The '*C NMR signal
for C-3 has a chemical shift of 119.3 ppm, which is
typical for carbon atoms in double bonds.

The radical activations with AIBN/tri-n-butyltin
hydride have shown that this reagent system induces
predominantly the reduction of a F,C-X-bond to a
F,C-H-bond. Therefore, we tested finally the allyltri-n-
butyltin reagent,”>-*® which was already used for radical
allylations of a CF,Br-group””-*® and of chlorodifluoro-
acetic acid,” respectively. The reactions of the CF,Cl-
substituted sugars 5, 7, 22,1415 2415 and 260, with
allyltri-n-butyltin in EtOAc, carried out in a quartz tube,
were initiated by UV-irradiation (4 = 254 nm). Scheme
6 shows the results of these CF,-allylations. The
products 20, 21, 23, 25 and 27a,p were isolated with
yields between 48% and 73%.

The reactions were uniformly stopped after 2-3 h,
although the conversion of the starting materials was
not completed in each case. However, an extension of

OCHj3 + several side products
(not identified)

CF,H

15 (32%)

Scheme 4. Reagents and condition: n-Bu;SnH, AIBN, ethyl vinyl ether, benzene, reflux, 12 h.
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Scheme 5. Reagents and conditions: (i) AllSiMes, BF;3-Et,0, CH,Cl,, 0 °C — rt, 24 h; (ii) AIBN, n-Bu3SnH, benzene, reflux, 4 h.
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Scheme 6. Reagents and conditions: allyltri-n-butyltin, EtOAc, A = 254 nm, 2-3 h.

the reaction time by 15-30 min led to larger amounts of
by-products but not to higher yields of the desired prod-
ucts. Ethyl acetate was selected as the solvent for the
photoreaction, after the evaluation of solvents of a
range of polarities as it yielded the best results at rela-
tively short reaction times.

3. Conclusion

For the first time, a CF,Cl-group was preferentially
introduced into the 1-position of an 1,2-unsaturated

monosaccharide derivative without an acyloxy group
in 2-position (see Ref. 1). However, this dithionite-med-
iated addition of BrCF,Cl to the starting material
3,4-di-O-pivaloyl-p-xylal (1) requires the use of aceto-
nitrile/water as the solvent system to produce
the major products (2-bromo-2-deoxy-3,4-di-O-piva-
loyl-B-p-xylopyranosyl)-chlorodifluoromethane (4) and
(2-deoxy-3,4-di- O-pivaloyl-B-p-threo-pentopyranosyl)-
chlorodifluoromethane (5).

Activation of CF,Cl-groups may be achieved by rad-
ical reaction conditions. Tri-n-butyltin hydride/AIBN
leads to satisfying results with reference to a reduction
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of this group to a CF,H-moiety. Under UV irradiation
(A =254 nm), reaction with allyltri-z-butyltin leads to
allylation of the CF,Cl-group yielding a CF,-allyl unit.
The allylations with allyltri-n-butyltin are the first exam-
ples of radical substitution at CF,Cl-groups of carbo-
hydrates. The C-glycosides, available in this way, are
very interesting unsaturated building blocks for novel
potentially bioactive substances.

4. Experimental
4.1. General methods

Column chromatography: Particle size for silica gel 63—
200 um; thin layer chromatography (TLC): E. Merck
Silica Gel 60 F,s4 foils; NMR: Bruker instruments AC
250 and ARX 300; internal standard (CH3)4Si. Melting
points were measured using a polarising microscope
Leitz (Laborlux 12 Pol) equipped with a hot stage
(Mettler FP 90). Chemicals: Na,S,0,4 (85%, Fluka),
tri-n-butyltin hydride (96%, Fluka), allyltri-n-butyltin
(ABCR), AIBN (98%, Fluka), allyltrimethylsilane
(97%, Fluka), BF3Et,O (Fluka).

For the X-ray structure determination of 4, 5'° and
15, an X8 Apex with CCD area detector with Mo-
K,-radiation (4= 0.71073 A) and graphite monochro-
mator was used. The structures were solved by direct
methods (Bruker sHELXTL, 1990, SHELXS-9730). The
refinement was done in all cases by the full matrix
least-squares method of Bruker sHELXTL, Vers.5.10,
Copyright 1997, Bruker Analytical X-ray Systems. All
nonhydrogen atoms were refined anisotropically. The
hydrogen atoms were put into theoretical positions
and refined using the riding model. Crystallographic
data (excluding structure factors) for the structures in
this paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publica-
tion nos. CCDC 612996 (4), 612997 (5),"° 612998 (15).
Copies of the data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK, (fax: +44 1223 336033 or e-mail:
deposit@ccdc.cam.ac.uk).

4.2. Dithionite-initiated radical addition of BrCF,Cl to
glycals

A solution of protected glycal (10 mmol) in CH3CN and
H,O0 (2:1, 30 mL) (or 30 mL dry CH;0OH) was stirred for
1 h at rt under an argon atmosphere. After cooling to
—10 °C, NaHCO;3; (1.5 equiv) was suspended with vigor-
ous stirring and then BrCF,Cl (about 5 mL) was intro-
duced (install an dry ice/acetone-cooled trap for
condensation of Freon vapor). Subsequently, Na,S,0,4
(1.5 equiv) was added and the mixture was warmed to
~25°C. At about 4 °C, Freon 12a reaches reflux. After

8 h, the cold trap is removed and stirring is continued
for further 12 h at ~25 °C. Finally, Et,O (50 mL) and
H,O (30 mL) were added. The organic phase was sepa-
rated, washed with H,O (2 x 30 mL), dried (Na,SOy)
and concentrated under reduced pressure. The residue
was purified by column chromatography.

4.3. Photochemical allylation of carbohydrates with a
CF,Cl-group

The CF,Cl containing derivative (0.3 mmol) was
dissolved in 4 mL of dry EtOAc in a quartz tube
(d=1cm, /=25cm) under argon. Allyltri-n-butyltin
(5equiv) was added and the solution degassed with
argon for 30 min. The quartz tube was closed with a
septum and the reaction mixture was irradiated for
2-3h at A=254nm in a Rayonet apparatus. After-
wards, the solvent was removed under reduced pressure
and the syrupy residue was purified by column
chromatography.

4.4. 2-C-Chlorodifluoromethyl-2-deoxy-3,4-di- O-pivaloyl-
p-xylopyranose (2), 1,5-anhydro-2-C-fluoroformyl-1,2-
dideoxy-3,4-di- O-pivaloyl-p-threo-pent-1-enitol (3),
(2-bromo-2-deoxy-3,4-di- O-pivaloyl-p-p-xylopyranosyl)-
chlorodifluoromethane (4) and (2-deoxy-3,4-di-O-piva-
loyl-B-p-threo-pentopyranosyl)-chlorodifluoromethane (5)

3,4-Di-O-pivaloyl-p-xylal (1)*' (0.57 g, 2.0 mmol) was
reacted as described in Section 4.2. The syrupy residue
(0.7 g) was separated by column chromatography (hep-
tane/EtOAc, 10:1 v/v) yielding successively 0.15g
(19%) of 2, 0.34g of 4 and S together (46%) and
0.06 g (9%) of 3.

Compound 2: Ry=0.40 (heptane/EtOAc, 2:1 v/v),
colourless syrup; '"H NMR (250 MHz, CDCl;): § 5.85
(dd, 1H, *J, 3= 11.0, *J5 4= 9.4 Hz, H-3), 5.60 (d, 1H,
Ji,=32Hz, H-1), 494 (ddd, 1H, °J34,=94,
Jasa=10.5, *J4s,=63Hz, H-4), 388 (t, IH,
2Jsaso = 10.9 Hz, H-5a), 3.79 (dd, 1H, *J4s, = 6.3,
2Jsaso = 10.9 Hz, H-5b), 3.04 (br s, 1H, OH, HO-1),
295281 (m, 1H, *J;,=3.2, *J,3=11.0Hz, H-2),
1.15, 1.15 (2s, 18H, 2xC(CHs);); 3C NMR (75
MHz, CDClL): 6 1779, 176.6 (2xC=0), 127.7 (t,
"Jer=297Hz, CF,Cl), 90.9 (t, *Jor=5Hz, C-1),
70.1 (C-4), 66.7 (C-3), 58.6 (C-5), 53.9 (t, *Jcr = 22 Hz,
C-2), 38.9, 38.8 (2 x C(CHs3)3), 27.2, 27.2 (2 x C(CH3)3);
F NMR (235 MHz, CDCly): 6 —47.6 (d, *Jgar, =
172 Hz, F,), —48.8 (d, *Jgapp =172 Hz, Fp); Anal
Caled for CsH,sCIF,O¢ (386.82): C, 49.68; H, 6.51.
Found: C, 50.30; H, 6.49.

Compound 3: Ry=0.56 (heptane/EtOAc, 2:1 v/v),
colourless syrup, [a]2D2 —111.5 (¢ 1.0, CHCly); 'H
NMR (250 MHz, CDCl;): 6 7.90 (s, 1H, H-1), 5.48
(t, 1H, *J,3="1J54=2.3 Hz, H-3), 495491 (m, 1H,
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H-4), 4.48 (dt, 1H, %Js, s, = 12.7, *J = 2.1, °*J = 4.1 Hz,
H-5a), 4.07-4.00 (m, 1H, *Js, s, = 12.7 Hz, H-5b), 1.19,
1.17 (2s, 18H, 2xC(CHs);); *C NMR (75 MHz,
CDCl3): 6 177.0, 176.7 (2 x C=0), 163.1 (d, *Jcr=
6 Hz, C-1), 156.6 (d, 'Jcr = 335 Hz, COF), 100.0 (d,
2Jer = 60 Hz, C-2), 65.3 (C-5), 64.9 (C-4), 60.9 (C-3),
39.0, 38.8 (2x C(CHs)3), 27.2, 27.0 (2xC(CH;)3);
YF NMR (235MHz, CDCl): & +13.4 (s, COF);
HRMS-ESI: Caled [M+Na]™: 353.1382. Found:
353.1376.

Compound 4: Ry=0.62 (heptane/EtOAc, 2:1 v/v),
Mp 143144 °C (i-PrOH); "H NMR (250 MHz, CDCls):
8539 (t, 1H, *Jo 3 =">J3,= 9.6 Hz, H-3), 4.93 (dd, 1H,
3J54=96, *Jys.=5.6Hz, H-4), 425 (dd, I1H,
3450 = 5.6, 2Jsasp = 11.8 Hz, H-5a), 4.01-3.94 (m, 2H,
H-1, H-2), 3.43 (t, 1H, J=11.0 Hz, H-5b), 1.15, 1.14
(2s, 18H, 2 x C(CHs)3); '*C NMR (75 MHz, CDCl;): §
1772, 1768 (2xC=0), 127.0 (t, 'Jep =296 Hz,
CF,Cl), 81.5 (t, *Jcp =27 Hz, C-1), 73.9 (C-3), 68.9
(C-4), 67.0 (C-5), 43.3 (C-2), 38.9, 38.8 (2 x C(CHj3)3),
27.3, 27.2 (2 x C(CHs);); ’F NMR (235 MHz, CDCl;):
0 =—54.3(d, “Jgary = 176 Hz, F,), —57.5 (d, *Jarp =
176 Hz, Fy,); HRMS-ESI: Calcd [M+Na]™: 471.0356.
Found: 471.0349.

Compound 5: Ry=0.62 (heptane/EtOAc, 2:1 v/v),
Mp 122.0-122.6 °C (Et,0), [a]5; —34.3 (¢ 1.0, CHCl3);
"H NMR (250 MHz, CDCl3): § 5.09 (dd, 1H, /5,3 =
5.0, *J34=10.0 Hz, H-3), 5.02 (dd, 1H, *J;,=10.0,
*J4sa=54Hz, H-4), 424 (dd, 1H, °J,s5,=54,
2Jsaso = 11.2 Hz, H-52), 3.94-3.87 (m, 1H, *J, 5, = 2.1,
*Jiop=11.8 Hz, H-1), 3.33 (dd, 1H, *J4s5, = 10.0,
2Jsasp =112 Hz, H-5b), 2.39 (m, 1H, *J;5, =21,
3Joa3 =150, H-2a), 1.77 (m, 1H, 3J;,, =118 Hz,
H-2b), 1.20, 1.18 (2s, 18H, 2 x C(CH;);); *C NMR
(75 MHz, CDCl5): 6 177.7, 177.5 (2x C=0), 127.2 (4,
'Jer =294 Hz, CF,Cl), 78.2 (t, *Jcr=29 Hz, C-1),
70.0 (C-3), 68.7 (C-4), 672 (C-5), 389, 389
(2 x C(CH3)3), 30.2 (C-2), 27.2, 27.0 (2 x C(CHs)3); F
NMR (235 MHz, CDCl3): 6 —62.7 (d, “Jgaro = 169 Hz,
F.), —64.7 (d, *Jp. o = 169 Hz, Fy); Anal. Calcd for
C1¢H>sCIF,05: C, 51.82; H, 6.80. Found: C, 51.80;
H, 7.11.

4.5. Methyl 2-C-chlorodifluoromethyl-2-deoxy-3,4-di-O-
pivaloyl-a-p-xylopyranoside (6¢1) and methyl 2-C-chloro-
difluoromethyl-2-deoxy-3,4-di- O-pivaloyl-p-p-xylo-
pyranoside (6p)

3,4-Di-O-pivaloyl-p-xylal (1)*' (0.32 g, 1.13 mmol) was
dissolved in dry CH;OH (10 mL) and converted as de-
scribed in Section 4.2. The syrupy residue (0.5 g) was
separated by column chromatography (heptane/EtOAc,
20:1 v/v) yielding 0.17 g (22%) of an anomeric mixture
of 6a/p (o:p = 1:0.65).

Compound 6a: Ry =0.60 (heptane/EtOAc, 2:1 v/v),
colourless syrup.

'"H NMR (250 MHz, CDCly): & 5.75 (dd, 1H,
hs=111, *J3,=93Hz, H-3), 490 (ddd, IH,
334=9.3, 450 =06.1, *Jy5p = 10.8 Hz, H-4), 5.00 (d,
1H, *J,,=3.3Hz, H-1), 3.75 (dd, 1H, *J45,=6.1,
2Jsaso = 10.8 Hz, H-5a), 3.58 (t, 1H, ‘Ju5=
2Jsas0 = 10.8 Hz, H-5b), 3.39 (s, 3H, OCH3), 2.92-2.78
(m, 1H, *J,5,=3.3, °Jr3=11.1Hz, H-2), 1.13, 1.12
(2s, 18H, 2 x C(CHj3);); *C NMR (63 MHz, CDCl;): 6
1777, 1774 (2xC=0), 128.6 (t, 'Jor =296 Hz,
CF,Cl), 97.6 (C-1), 69.9, 66.9, (C-3, C-4), 63.8 (C-5),
55.7 (OCH3), 53.8 (t, 2Jcp =22 Hz, C-2), 38.9, 38.8
(2x C(CH3)3), 27.2, 27.1 (2xC(CHs)3); "F NMR
(235 MHz, CDCl3): & —46.9 (d, *Jg,rp = 168 Hz, F,),
—49.0 (d, “Jgarp =168 Hz, F,); HRMS-ESI: Calcd
[M+Na]": 423.1362. Found: 423.1356.

Compound 6B: Ry =0.60 (heptane/EtOAc, 2:1 v/v),
colourless syrup; '"H NMR (250 MHz, CDCls): 6 5.50
(t, 1H, *J,3="J34=28.3 Hz, H-3), 492-4.85 (m, 1H,
H-4), 476 (d, 1H, J,, = 4.5 Hz, H-1), 4.23-4.13 (m,
2H, H-5a, H-5b), 3.41 (s, 3H, OCH3), 2.75-2.62 (m,
1H, *J,,=45, *J,3;=83Hz, H-2), 1.14, 1.13 (2s,
18H, 2x C(CHs)3); *C NMR (63 MHz, CDCly): 6
177.9, 177.6 (2xC=0), 128.5 (t, 'Jer =296 Hz,
CF,Cl), 98.8 (C-1), 70.0, 70.0, (C-3, C-4), 63.6 (C-5),
56.2 (OCH3), 53.8 (t, Jcr=22Hz, C-2), 38.9, 38.7
(2x C(CHy)3), 27.2, 27.1 (2xC(CH;)3); YF NMR
(235 MHz, CDCl3): 6 —49.9 (d, Jgar, = 170 Hz, F,),
—50.8 (d, *Jgarp =170 Hz, Fy); HRMS-ESI: Calcd
[M+Nal": 423.1362. Found: 423.1356.

4.6. (2,3,4-Tri-O-acetyl-6-deoxy-a-L-galactopyranosyl)-
difluoromethane (8)

Compound 7' (0.75 g, 2.09 mmol) was dissolved in dry
toluene (20 mL). Under argon, 0.76 g of n-Bu3SnH
(2.61 mmol) and 0.01 g of AIBN (0.06 mmol) were
added. The reaction mixture was heated under reflux
for 3 h. Then, the reaction was quenched by the addition
of an aq KF solution (10% in H,O, 10 mL) and stirred
for one hour at rt. The heterogenic solution was filtered
over Kieselguhr and the filter cake washed with toluene.
The toluene phase was washed with H,O (2 x 20 mL)
and brine (20 mL), dried over Na,SO,4 and concentrated
under reduced pressure. The syrupy residue (1.60 g) was
separated by column chromatography (heptane/EtOAc,
4:1v/v) yielding 0.58 g (88%) of 8.

Compound 8: R;=0.55 (heptane/EtOAc, 1:2 v/v),
colourless syrup; '"H NMR (250 MHz, CDCly): 6 5.94
(ddd, 1H, *Jypap=>541, *Japap =567, *Ju,=
2.6 Hz, CF,H), 5.38-5.33 (m, 2H, H-2, H-3), 5.29 (t,
1H, *J54 =*J45 = 2.6 Hz, H-4), 4.41-4.24 (m, 1H, H-
1), 4.24-4.14 (m, 1H, *Js¢ = 6.7 Hz, H-5), 2.13, 2.06,
1.99 (3s, 9H, 3x CHj), 1.17 (d, 3H, *Js¢=6.7 Hz,
CH;-6); '*C NMR (63 MHz, CDCls): § 170.4, 170.1,
169.9 (3xC=0), 1158 (dd, 'Jep, =246, "Jep, =
248 Hz, CF,H), 70.4 (t, *Jcr=22Hz, C-1), 69.8
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(C-4), 69.7 (C-5), 68.6 (t, *Jcr =2 Hz, C-2), 66.3 (C-3),
20.8, 20.7, 20.7 (3xCHs), 16.1 (C-6); "F NMR
(235 MHz, CDCls): 6 —121.6 (d, 2Jgapp = 297 Hz, F,),
—125.4 (d, *Jgars =297 Hz, F,); HRMS-ESI: Calcd
[M+Na]": 347.0918. Found: 347.0926.

4.7. (2,3,4-Tri-O-benzyl-6-deoxy-o-L-galactopyranosyl)-
difluoromethane (10)

To a solution of compound 8 (0.47 g, 1.45 mmol) in dry
CH;0H (10 mL), +-BuOK (0.01 g, 0.087 mmol) was
added, and the solution was stirred for 12 h at rt. Moni-
toring of the reaction by TLC indicated the complete con-
version of 8. The reaction mixture was filtered through
Kieselguhr and the CH;OH was evaporated under
reduced pressure. The syrupy residue 9 (0.35 g) was at
once dissolved in dry DMF (15 mL). At 0 °C, 0.19 g of
NaH (60% in paraffin wax, 4.8 mmol) was added. With
a syringe, benzyl bromide (0.53 mL, 4.45 mmol) was
quickly added to the reaction mixture. The solution was
stirred for about 6 h at rt until complete conversion of
the starting material 9 (TLC). Five millilitres of CH;OH
and 5 mL of H,O were added and the aqueous phase was
extracted with toluene (3 x 20 mL). The organic phase
was washed with satd aqg NaHCOs-soln, brine and H,O
(each 3 x50 mL), dried over Na,SO,4 and concentrated
under reduced pressure. The syrupy residue (0.90 g) was
separated by column chromatography (heptane/EtOAc,
4:1 v/v) yielding successively 0.54 g of 10. This corre-
sponds to a yield of 80% after two steps from 8.

Compound 10: Ry =0.59 (heptane/EtOAc, 1:2 v/v),
colourless syrup, [oc]f)2 —15.18 (¢ 1.0, CHCI3); "H NMR
(250 MHz, CDCls): 6 7.42-7.22 (m, 15H, 3 x Ph), 5.91
(ddd, 1H, *Jypap=>557, “Jurap=061.3, *Ju,=
5.4 Hz, CF,H), 4.79-4.57 (m, 4H, 2 x CH,Ph), 4.56-
4.52 (m, 2H, CH,Ph), 4.33-420 (m, 1H, *Js4=
6.8 Hz, H-5), 4.16-4.03 (m, 1H, H-1), 3.91-3.84 (m,
3H, H-2, H-3, H-4), 1.43 (d, 3H, Js56= 6.8, CH3-6);
13C NMR (63 MHz, CDCly):  138.5, 138.4, 137.7
(3 xqC-Ph), 128.6, 128.6, 128.2, 127.9, 127.9, 127.9,
127.8, 127.8, 127.7 (3xPh), 115.7 (dd, 'Jcp, = 240,
"Jerp =244 Hz, CF,H), 75.3 (C-3), 75.2 (C-2), 74.5
(C-4), 734, 73,4, 72.4 (3 x CH,Ph), 71.3 (C-5), 68.8
(dd, *Jep=23, 27Hz, C-1), 142 (C-6); ’F NMR
(235 MHz, CDCls): 6 —126.1 (d, 2Jga o = 295 Hz, F,),
—127.8 (d, “Jgarp=295Hz, Fp). Anal. Caled for
CosH30F>04 (468.54): C, 71.78; H, 6.45. Found: C,
72.27; H, 6.61.

4.8. Methyl 3,4,6-tri-O-acetyl-2-deoxy-2-C-(1,1-difluoro-
nonyl)-p-b-glucopyranoside (12) and methyl 3,4,6-tri-O-
acetyl-2-deoxy-2-C-difluoromethyl-p-p-glucopyranoside
13)

Aluminium powder (0.2 g, 7.41 mmol) was suspended in
dry CH30H (1520 mL) and iodine (10-20 mg) was

added under argon. The reaction mixture was irradiated
with ultrasound for 2-3 min (until the brownish colour
disappeared) and afterwards again 10-20 mg of iodine
was added and activated by ultrasound. The mixture
was cooled to 0 °C under argon. With vigorous stirring,
chloro-pyridino-cobaloxime(IIT)-complex?! (50 mg, 0.12
mmol), l1-octene (1 mL, 6.42 mmol) and compound 11'8
(340 mg, 0.78 mmol) were added. The reaction mixture
was warmed to rt within 2 h and was stirred for another
2-3 h at rt. The mixture was diluted with EtOAc (20—
30 mL), filtered over Kieselguhr and concentrated
under reduced pressure. The syrupy residue was sepa-
rated by column chromatography (heptane/EtOAc,
3:1 — 2:1 v/v) yielding 260 mg of a major fraction;
Ry =0.30 (heptane/EtOAc, 3:1 v/v), which consisted of
at least three compounds and, as well 40 mg (14%) of
methyl  3.4,6-tri-O-acetyl-2-deoxy-2- C-difluoromethyl-
B-p-glucopyranoside (13);'® Ry =0.15 (heptane/EtOAc,
3:1 v/v).

The syrupy residue of the major fraction (260 mg) was
dissolved in dry EtOAc (20 mL) and hydrogenated with
H, (1 atm) and 20 mg of Pd/C (10%) for 48-72 h. After
filtration of the reaction mixture over Kieselguhr and
concentration of the solution under reduced pressure,
250 mg (68%) of almost pure product 12 could be
obtained.

Compound 12: Colourless syrup; 'H NMR
(250 MHz, CDCly): & 5.45 (dd, 1H, *J3,=38.9,
3J>3=9.8 Hz, H-3), 5.03 (dd, 1H, *J, 5= 10.1 Hz, H-
4), 446 (d, 1H, *J,,=7.6 Hz, H-1), 426 (dd, 1H,
3J5.60 = 4.9 Hz, H-6a), 4.07 (dd, 1H, *Jg, 6, = 12.3 Hz,
H-6b), 3.66 (ddd, 1H, *Jse, = 2.6 Hz, H-5), 3.47 (s,
3H, OCH3), 2.44 (dddd, 1H, *J5 g, = 19.1, 6.1 Hz, H-
2), 2.04, 1.98, 1.96 (all s, 9H, 3 acetyl CHj3), 1.72-2.09
(m, 2H, o-CH,), 1.13-1.54 (m, 12H, 6CH,), 0.84 (t
(br), 3H, *Jyu = 6.6 Hz, CH;); *C NMR (63 MHz,
CDCl): 0 170.6, 169.8, 169.7 (all s, 3CO), 123.8 (dd,
e pap = 247.5, 245.6 Hz, CF>), 100.5 (t, *Jeipap =
6.7, 6.7 Hz, C-1), 71.1 (s, C-5), 69.4 (s, C-4), 68.7 (dd,
3csrap =40, 2.6 Hz, C-3), 623 (s, C-6), 56.7 (s,
OCH3), 50.4 (dd, *Jeapap = 21.9, 20.5 Hz, C-2), 36.7
(t, 2Jcpap =23.8, 23.8 Hz, o-CH,), 31.7, 29.2, 29.2,
29.0, 22.6 (all s, 5CH,), 21.7 (dd, *Jegap =157,
3.8 Hz, B-CH,), 20.7, 20.7, 20.6 (all s, 3 acetyl-CHj),
14.0 (s, CHs); "F NMR (235 MHz, CDCl5): 6 —99.8
(d, *Jgarp = 256 Hz, Fa), —101.7 (d, Fb); Anal. Calcd
for CyH36F,0g (466.52): C, 56.64; H, 7.78. Found: C,
56.77; H, 7.78.

4.9. Methyl 3,4-di-O-acetyl-2-C-chlorodifluoromethyl-
2,6-dideoxy-o-L-glucopyranoside (14a) and methyl 3,4-di-
O-acetyl-2-C-chlorodifluoromethyl-2,6-dideoxy-f-L-
glucopyranoside (14p)

3,4-Di-O-acetyl-L-thamnal®*?* (2.14 g, 10 mmol) was
dissolved in dry CH3;OH (30 mL) and converted like
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described in Section 4.2. After purification by column
chromatography (toluene/EtOAc, 10:1), the two
anomers 14a and 14p were separated (14e: 49%, 14p:
24%).

Compound 14a: R;= 0.48 (toluene/EtOAc, 5:1), Mp
85.8 °C (Et,0), [o]}y —139.9 (¢ 1.1, CHCl3); 'H NMR
(250 MHz, CDCly): 6 5.65 (dd, 1H, *J34,=9.2,
*Jo3 =112 Hz, H-3), 499 (d, 1H, *J,, = 3.4 Hz, H-1)
480-4.70 (m, 1H, H-4), 398385 (m, IH,
3Js6=6.3 Hz, H-5), 3.39 (s, 3H, OCH3), 2.97-2.82
(m, 1H, *J,, =34, 3J,3=112Hz, H-2), 2.04, 2.00
(2s, 6H, 2 x CH3), 1.19 (d, 3H, *Js54 = 6.3 Hz, CH;-6);
13C NMR (63MHz, CDCly): o6 170.1, 169.6
(2x C=0), 127.0 (t, 'Jer =281, CF,Cl), 97.1 (dd,
Jera=39, *Jer,=58Hz, C-1), 745 (C-3), 67.8
(C-4), 65.2 (C-5), 55.4 (OCH3), 53.9 (t, *Jer =22 Hz,
C-2), 20.8, 20.7 (2xCHj), 17.3 (C-6); "F NMR
(235 MHz, CDCls): 6 —48.3 (d, *Jpar» = 168 Hz, F,),
—50.6 (d, *Jpapo =168 Hz, Fy); Anal. Calcd for
C,H,,CIF,0¢ (330.71): C, 43.58; H, 5.18. Found: C,
43.31; H, 5.23.

Compound 14f: Ry = 0.41 (toluene/EtOAc, 5:1), col-
ourless syrup, [oz]]ljg —28.3 (¢ 1.1, CHCl3); 'H NMR
(250 MHz, CDCls): § 5.49-5.40 (m, 1H, *J54 = 9.8 Hz,
H-3), 4.83 (dd, 1H, *J54=9.8, *J45=99 Hz, H-4),
459 (d, 1H, *J,,=74Hz, H-1), 3.60 (ddd, IH,
*Js6=162, *Ju5=9.9Hz, H-5), 2.81-2.72 (m, IH,
3J1, =74 Hz, H-2), 2.04, 2.01 (25, 6H, 2 x CH3), 1.25
(d, 3H, *Jss=6.2Hz, CH3-6); *C NMR (63 MHz,
CDCly): o 169.8, 169.6 (2xC=0), 128.1 (t,
'Jer =283 Hz, CF,Cl), 100.7 (d, *Jcr=5Hz, C-1),
74.0 (t, *Jep=34Hz, C-3), 69.7 (C-4), 68.9 (C-5),
57.1 (OCH3), 55.1 (dd, *Jcpa = 22, *Jepp = 18 Hz, C-
2), 209, 20.8 (2xCHs), 17.7 (C-6); "F NMR
(235 MHz, CDCl3): 6 —45.9 (d, 2Jg.rp = 174 Hz, F,),
—49.5 (d, *Jgapo=174Hz, Fp); Anal. Caled for
C1,H,,CIF,04 (330.71): C, 43.58; H, 5.18. Found: C,
43.77; H, 5.38.

4.10. Methyl 3,4-di-O-acetyl-2-C-difluoromethyl-2,6-
dideoxy-a-L-glucopyranoside (15)

A mixture of 14a/14p (0.3 g, 0.91 mmol) was dissolved
in dry benzene (5mL) in a Schlenk flask under argon.
After ethylvinyl ether (0.4 mL, 5equiv) and a catalytic
amount of AIBN (ca. 3-5 mg) were added, the reaction
mixture was heated to 75°C. At this temperature, a
solution of 0.26 mL (0.91 mmol) n-BuzSnH in dry ben-
zene (5 mL) was slowly added within 3 h. After complete
conversion of the starting material (TLC), the solution
was concentrated under reduced pressure. The syrupy
residue was treated with an aq KF-soln (10% in H,O,
10 mL) and stirred for 30 min. The aq phase was
extracted with EtOAc (3 x 50 mL) and afterwards the
organic phase was washed with H,O (2 x 50 mL) and
brine (1 x 50 mL), dried over Na,SO, and concentrated

under reduced pressure. The syrupy residue (0.7 g) was
separated by column chromatography (heptane/EtOAc,
5:1 v/v) yielding 85 mg (32%) of 15. There was another
fraction (230 mg, R;= 0.53) containing traces of com-
pound 15 and various other products, but none of them
contained a new CF,—C-bond.

Compound 15: Ry = 0.56 (heptane/EtOAc, 1:2 v/v),
Mp 105.0-106.5 °C (heptane/EtOAc), MzDz -162.5 (c
1.1, CHCl;); '"H NMR (250 MHz, CDCls): 6 5.82 (dt,
1H, *Juo =73, *Jurap = 55.5 Hz, CF,H), 544 (dd,
1H, *J5,=9.5, *JL,;=11.2Hz, H-3), 479 (d, 1H,
*Ji2=3.6Hz, H-1), 477 (t, 1H, *J=9.7 Hz, H-4),
3.86 (ddd, 1H, *Jss=6.3, *J,5s=9.9 Hz, H-5), 2.46-
228 (m, 1H, *J;,=13.6, *Jy,=73, *Jo3=11.2Hz,
H-2), 2.03, 1.99 (2s, 6H, 2xCHj), 1.18 (d, 3H,
3Js5.6 = 6.3 Hz, CH3-6); '>°C NMR (63 MHz, CDCl3): 6
170.6, 170.0 (2xC=0), 116.3 (t, 'Jepap =243 Hz,
CF,H), 97.1 (t, *Jcr = 8 Hz, C-1), 73.8 (C-4), 67.8 (t,
*Jer =4 Hz, C-3), 65.6 (C-5), 55.3 (OCH3), 49.0 (t,
2Jer =19 Hz, C-2), 20.8, 20.7, (2x CHj3), 17.7 (C-6);
F NMR (235 MHz, CDCls): & —119.8 (s, CF,H);
Anal. Caled for C,HsF,04 (296.27): C, 48.65; H,
6.12. Found: C, 48.07; H, 6.14.

4.11. 3-(4,6-Di- O-acetyl-2-C-chlorodifluoromethyl-2,3-
dideoxy-a-p-erythro-hex-2-enopyranosyl)-propene (17)

To a solution of compound 16'* (2.0 g, 5.61 mmol) in
dry CH,Cl,, allyltrimethylsilane (2.6 mL, about 3 equiv)
and BF5-Et,O (3.5mL, about 5equiv) were added at
0°C with stirring. The reaction mixture was then
allowed to warm to rt. After 24 h, allyltrimethylsilane
(1.3mL) and BF3Et,O (1.75mL) were added. After
further 5h stirring at rt, the reaction mixture was
worked up. The CH,Cl, phase was washed with a satd
aq NaHCOj; (3 x20 mL) and brine (3 x 20 mL), dried
over Na,SO,4 and concentrated under reduced pressure.
The syrupy residue was separated by column chroma-
tography (heptane/EtOAc, 2:1 v/v) yielding successively
0.76 g (42%) of 17.

Compound 17: R;=0.56 (heptane/EtOAc, 1:3 v/v),
colourless syrup, [«];; +93.6 (¢ 1.2, CHCl3). '"H NMR
(250 MHz, CDCl3): 6 6.36-6.30 (m, 1H, H-3), 5.97-
5.79 (m, 1H, H-2-allyl), 5.35-5.27 (m, 1H, H-4), 5.21-
510 (m, 2H, CH,-allyl), 4.61-4.52 (m, 1H, H-1),
4.20-4.15 (m, 2H, H-6a, H-6b), 3.99-3.91 (m, 1H, H-
5), 3.62-2.53 (m, 2H, CH,-allyl), 2.11, 2.08 (2s, 6H,
2x CH3); *C NMR (63 MHz, CDCl5):  170.1, 170.0
(2 x C=0), 139.2 (t, *JcF = 25 Hz, C-2), 133.7 (C-allyl),
131.3 (t, 'Jep =290 Hz, CF,Cl), 127.7 (dd, *Jc po = 6,
3JC,Fb =8 Hz, C-3), 117.9 (CH»-allyl), 71.3 (C-1), 67.6
(C-5), 64.5 (C-4), 63.1 (C-6), 36.3 (CH,-allyl), 21.0,
20.9 (2 x CH3); F NMR (235 MHz, CDCl5): 6 —45.8
(d, 2Jgarp = 170.2 Hz, F,), —52.8 (d, *Jga o = 170 Hz,
Fy). Anal. Caled for Ci4H7CIF,O5 (338.74): C, 49.64;
H, 5.06. Found: C, 49.51; H, 5.06.
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4.12. (2R,35,8aR)-2-Acetoxymethyl-3-acetoxy-5,5-di-
fluoro-3,5,6,7,8,8a-hexahydro-2 H-benzopyrane (18) and
3-(4,6-di- O-acetyl-2,3-dideoxy-2-C-difluoromethyl-o-p-
erythro-hex-2-enopyranosyl)-propene (19)

To a solution of compound 17 (0.21 g, 0.62 mmol) in
2mL of dry benzene, AIBN (3 mg, 0.018 mmol) was
added under argon at rt (Schlenk flask). After the reac-
tion mixture was heated to 75°C, a solution of n-
Bu;SnH (0.18 mL, 0.62 mmol) in dry benzene (10 mL)
was slowly added within 3 h. When the conversion of
the starting material was completed (TLC control), the
solution was concentrated under reduced pressure.
The syrupy residue was treated with and aq KF-soln
(10% in H,O, 10 mL) and stirred for 30 min. The aq
phase was extracted with EtOAc (3 x 50 mL) and after-
wards the combined organic phases were washed with
H,O (2x50mL) and brine (1x50mL), dried over
Na,SO; and concentrated under reduced pressure.
The syrupy residue was separated by column chroma-
tography (heptane/EtOAc, 4:1 v/v) yielding succes-
sively 0.15 g (80%) of 19 (R;=0.36) and 0.02 g of 18
(11%).

Compound 18: R; = 0.32 (heptane/EtOAc, 1:2 v/v),
colourless syrup, [oz]lz)2 +76.7 (¢ 1.2, CHCl;); '"H NMR
(250 MHz, CDCl;): 6 6.13-6.06 (m, 1H, H-4), 5.24—
5.16 (m, 1H, H-3), 4.37-4.27 (m, 1H, H-8a), 4.27 (dd,
1H, *J59, = 6.0, 2Jo, 0, = 12.0 Hz, H-9a), 4.17 (dd, 1H,
*Jo0n = 3.8, 2Joaop = 12.0 Hz, H-9b), 3.90 (ddd, 1H,
3J23=9.6, *Jh0, = 6.0, *J50p = 3.8 Hz, H-2), 2.32-2.18
(m, 1H, H-6a), 2.16-2.11 (m, 1H, H-8a), 1.92-1.82 (m,
1H, H-7a), 1.79-1.69 (m, 1H, H-6b), 1.43-1.31 (m, 1H,
H-7b), 1.31-1.23 (m, 1H, H-8b), 2.10, 2.09 (2s, 6H,
2x CHj3); °C NMR (63 MHz, CDCls): 6 170.4, 170.3,
(2 x C=0), 138.7 (dd, “Jca =21, 2Jcpp = 24 Hz, C-
4a), 1199 (dd, 'Jep, =235, Jep, =250 Hz, CF,),
119.3 (dd, *Jepa =7, *Jep, =9 Hz, C-4), 71.1 (C-8a),
70.5 (C-2), 64.7 (C-3), 62.6 (C-9), 35.3 (dd, *Jc pa = 22,
2Jep=27Hz, C-6), 31.4 (C-8), 21.1, 20.9 (2 x CHj),
18.3 (C-7); "F NMR (235 MHz, CDCl3): & —93.8 (d,
2Jrary =242 Hz, F,), —106.5 (d, *Jp.r, =242 Hz,
Fy); HRMS-ESI: Calcd [M+Na]": 327.1020. Found:
327.1015.

Compound 19: Ry = 0.34 (heptane/EtOAc, 1:2 v/v),
colourless syrup, [oc]é2 +94.3 (¢ 1.6, CHCl3); '"H NMR
(250 MHz, CDCl3): 6 6.09 (br s, 1H, H-3), 6.06 (t, 1H,
CF,H), 5.98-5.79 (m, 1H, CH-allyl), 5.29-5.20 (m, 1H,
H-4), 5.21-5.07 (m, 2H, CH,-allyl), 4.53-4.40 (m, 1H,
H-1), 4.19-4.15 (m, 2H, H-6a, H-6b), 4.01-3.95 (m,
1H, H-5), 2.56-2.49 (m, 2H, CH»-allyl), 2.09, 2.08 (2s,
6H, 2x CH;); '*C NMR (75 MHz, CDCly): 6 170.8,
170.3 (2x C=0), 137.9 (dd, *Jcr =21, *Jcr =22 Hz,
C-2), 133.9 (C-allyl), 127.7 (t, *Jepa = *Jers = 10 Hz,
C-3), 117.8 (CHy-allyl), 1144 (t, 'Jep=239 Hz,
CF,H), 70.6 (C-1), 68.1 (C-5), 64.6 (C-4), 63.1 (C-6),
36.5 (CHy-allyl), 209, 20.8 (2xCH;); ""F NMR

(235 MHz, CDCl3): 6 —111.3 (d, *Jgapp = 304 Hz, F,),
—119.9 (d, “Jgaro = 304 Hz, F,); HRMS-ESI: Calcd
[M+Na]": 327.1020. Found: 327.1015.

4.13. 4,4-Difluoro-4-(2-deoxy-3,4-di-O-pivaloyl-f-p-
threo-pentopyranosyl)-butene (20)

Compound 5 (0.11g, 0.29 mmol) dissolved in dry
EtOAc (3 mL) was converted as described in Section
4.3. The syrupy residue (0.6 g) was separated by column
chromatography (heptane/EtOAc, 20:1 v/v) yielding
0.07g (62%) of 20; R;=0.63 (heptane/EtOAc, 5:1
v/v), colourless syrup; '"H NMR (250 MHz, CDCls): §
5.88-5.65 (m, 1H, CH-allyl), 5.28-5.14 (m, 2H, CH,-
allyl), 5.08-4.86 (m, 2H, H-3, H-4), 4.15 (dd, 1H,
J450 = 5.4, *Jsasp = 11.2 Hz, H-5a), 3.68-3.52 (m, 1H,
Ji2a =21, *Jip=11.8Hz, H-1), 320 (dd, IH,
3J4sp = 10.0, “Js.s = 11.2 Hz, H-5b), 2.85-2.57 (m,
2H, CHy-allyl), 2.28 (ddd, 1H, *J; 5, = 2.1, *Ja, 3 = 5.0,
J=127Hz, H-2a), 1.69 (dd, 1H, *J 5, =118,
J=23.9Hz H-2b) 1.16, 1.14 (2s, 18H, 2 x C(CH3)5);
BC NMR (75MHz, CDCl): & 1777, 1775
(2x C=0), 128.7 (dd, *Jcr=3, *Jor =8 Hz, CH-
allyl), 127.1 (t, "Je g = 245 Hz, CF>), 121.0 (CH»-allyl),
75.6 (dd, *Jeg =27, *Jcp =34 Hz, C-1), 70.7 (C-3),
69.2 (C-4), 67.4 (C-5), 38.9, 38.8 (2x C(CHs)3), 37.9
(dd, *Jep=24, %Jop=26Hz, CH,-allyl), 288 (t,
3Jer =4Hz, C-2), 27.2, 27.1 (2x C(CHs);); ’F NMR
(235 MHz, CDCls): 6 —107.9 (d, 2Jgarp = 255 Hz, F,),
—111.6 (d, *Jear, = 255 Hz, Fp); HRMS-ESI: Calced
[M-+Na]": 399.1959. Found: 399.1962.

4.14. 4,4-Difluoro-4-(2,3,4-tri- O-acetyl-6-deoxy-o-L-
galactopyranosyl)-butene (21)

Compound 7 (0.15g, 0.42 mmol) dissolved in dry
EtOAc (3 mL) was converted as described in Section
4.3. The syrupy residue (0.9 g) was separated by column
chromatography (heptane/EtOAc, 10:1 v/v) yielding
0.11 g (73%) of product 21; Ry = 0.27 (heptane/EtOAc,
1:1 v/v); colourless syrup; "H NMR (250 MHz, CDCls):
5 5.87-5.68 (m, 1H, CH-allyl), 5.48 (dd, 1H, *J53=19.8,
3J54=33Hz, H-3), 532 (dd, 1H, °J,5=9.38,
Ji,=62Hz, H-2), 530 (dd, 1H, °J4,5=138,
3J34=233Hz, H4), 527-5.18 (m, 2H, CH,-allyl),
4.46-4.29 (m, 1H, °J,, = 6.2 Hz, H-1), 4.14-4.01 (m,
1H, °Js6 = 6.4 Hz, H-5), 2.77-2.57 (m, 2H, CH,-allyl),
2.12, 2.04, 1.99, (3s, 9H, 3xCH;), 1.16 (d, 3H,
3Js56= 6.4 Hz, CH3); '*C NMR (63 MHz, CDCly): 6
170.6, 170.4, 169.8 (3 x C=0), 128.3 (t, *Jcr =5 Hz,
CH-allyl), 124.4 (t, ' Jc = 250 Hz, CF>), 121.3 (CH»-al-
Iyl), 70.9 (dd, *Je g =25, 2Jcp = 28 Hz, C-1), 69.9 (C-
4), 68.8 (C-5), 68.5 (C-2), 66.4 (C-3), 39.7 (¢,
2Jer =25 Hz, CHy-allyl), 20.8, 20.7, 20.6 (3 x CHj),
16.2 (C-6); "’F NMR (235 MHz, CDCl3): 6 —98.7 (d,
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2Jeary = 258 Hz, F,), —100.0 (d, *Jg, pp = 258 Hz, Fy);
HRMS-ESI:  Caled [M+H]": 365.1412. Found:
365.1415.

4.15. 1,3,4,6-Tetra-O-acetyl-2-deoxy-2-C-(4,4-difluoro-
butene-4-yl)-a-pD-glucopyranose (23)

1-O-Acetyl derivative 22'*'> (0.27 g, 0.65 mmol) dis-
solved in dry EtOAc (5 mL) was converted as described
in procedure 2. The syrupy residue (1.3 g) was separated
by column chromatography (heptane/EtOAc, 8:1 v/v)
yielding 0.20 g (73%) of 23; Ry = 0.34 (heptane/EtOAc,
1:1 v/v); colourless syrup; "H NMR (250 MHz, CDCl;):
8 6.35 (d, 1H, *J,» = 3.2 Hz, H-1), 5.82-5.74 (m, 1H,
CH-allyl), 5.65 (dd, 1H, *Jo3=11.5, *J34=19.3 Hz,
H-3), 5.28-5.13 (m, 2H, CHoy-allyl), 5.02 (t, 1H,
334 ="1J45=9.3Hz, H-4), 435420 (m, 2H, H-6a,
H-6b), 4.07-3.94 (m, 1H, H-5), 2.80-2.46 (m, 3H, H-2,
CHy-allyl), 2.11, 2.02, 1.99, 1.98 (4s, 12H, 4 x CH3);
3C NMR (63 MHz, CDCls): § 170.6, 169.7, 169.6,
168.4 (4xC=0), 128.1 (t, *Jep=5Hz, CHe-allyl),
121.7 (CHy-allyl), 121.1 (t, 'Jer = 248 Hz, CF,), 88.7
(t, *Jer=6Hz, C-1), 79.5 (C-5), 67.7 (*Jcr =4 Hz,
C-3), 66.5 (C-4), 61.7 (C-6), 47.6 (t, *Jer =22 Hz, C-
2), 41.3 (t, Jcp = 25 Hz, CH,-allyl), 21.1, 20.8, 20.7,
20.6 (4 x CH3); "F NMR (235 MHz, CDCl;): 6 —98.2
(d, 2Jear, =248 Hz, F,), —99.2 (d, “Jparo = 248 Hz,
F,) HRMS-ESI: Caled [M+Na]": 445.1286. Found:
445.1294.

4.16. 1,3,4,6-Tetra-O-acetyl-2-deoxy-2-C-(4,4-difluoro-
butene-4-yl)-o-p-mannopyranose (25)

1-O-acetyl derivative 24'° (0.29 g, 0.69 mmol) dissolved
in dry EtOAc (5 mL) was converted as described in Sec-
tion 4.3. The syrupy residue (1.4 g) was separated by col-
umn chromatography (heptane/EtOAc, 8:1 v/v) yielding
0.17 g of a mixture of 25 and starting material (ratio
1:0.2) corresponding to a yield of 48% for compound
25; Ry = 0.32 (heptane/EtOAc, 1:1 v/v), colourless syrup;
'H NMR (250 MHz, CDCly): & 643 (d, 1H,
J12= 3.3 Hz, H-1), 5.82-5.63 (m, 1H, CH-allyl), 5.43—
5.33 (m, 1H, H-3), 5.27-5.13 (m, 3H, H-4, CH»-allyl),
4.12 (d, 2H, *Js¢ = 3.2 Hz, H-6a, H-6b), 4.02-3.92 (m,
1H, H-5), 2.86-2.62 (m, 3H, H-2, CH»-allyl), 2.09, 2.02,
2.02, 2.01 (4s, 12H, 4x CHj;); '*C NMR (63 MHz,
CDCly): 0 170.5, 169.8, 169.3, 168.6 (4 x C=0), 128.3
(t, *Jer=6Hz, CH-allyl), 122.3 (t, 'Jop =248 Hz,
CF,), 121.3 (CH,-allyl), 89.6 (t, *Jcr = 5 Hz, C-1), 70.3
(C-5), 67.9 (C-3), 66.9 (C-4), 62.6 (C-6), 452 (t,
2Jer =23 Hz, C-2), 40.9 (t, *Jcr = 26 Hz, CH,-allyl),
20.9, 20.8, 20.6, 20.5 (4 x CH;); '"F NMR (235 MHz,
CDCl3): 6 —94.7 (d, *Jpar, =258 Hz, F,), —96.2 (d,
2Jeary = 258 Hz, Fy). HRMS-ESI: Calcd [M+Nal':
445.1286. Found: 445.1295.

4.17. Methyl 3,4-di-O-acetyl-2-C-chlorodifluoromethyl-2-
deoxy-a-p-arabinopyranoside (26a) and methyl 3,4-di-O-
acetyl-2-C-chlorodifluoromethyl-2-deoxy-f-p-arabinopyr-
anoside (26p)

3,4-Di-O-acetyl-p-arabinal®* (2.5g, 12.5mmol) dis-
solved in dry CH3;OH (30 mL) was converted as de-
scribed in Section 4.2. The syrupy residue (3.30 g) was
separated by column chromatography (heptane/EtOAc,
6:1 v/v) yielding 2.88 g (72%) of an anomeric mixture of
260/26p (o:p = 1:1).

Compound 26a: Ry = 0.20 (heptane/EtOAc, 3:1 v/v),
colourless syrup; '"H NMR (250 MHz, CDCl;): § 5.40
(dd, 1H, *J,5 = 8.8, *J54 = 3.8 Hz, H-3), 5.26-5.19 (m,
1H, H-4), 4.67 (d, 1H, J,, = 5.2 Hz, H-1), 3.97 (dd,
1H, J4 5. = 4.6, 2Jsa.so = 12.3 Hz, H-5a), 3.74 (dd, 1H,
aso =34, *Jsusp=123Hz, H-5b), 3.47 (s, 3H,
OCHs), 2.98-2.84 (m, 1H, *J,, =52, °J,3 =88 Hz,
H-2), 2.10, 2.04 (25, 6H, 2xCHs); *C NMR
(75 MHz, CDCl5): 6 170.3, 169.8 (2 x C=0), 128.6 (t,
"Jer =297 Hz, CF,Cl), 99.5 (C-1), 66.7 (C-3), 66.1
(C-4), 61.8 (C-5), 56.7 (OCH3), 51.7 (t, *Jep =22 Hz,
C-2), 21.0, 20.8 (2xCH;); ""F NMR (235 MHz,
CDCly): & —47.5 (d, *Jgar, = 170 Hz, F,), —48.7 (d,
2JFa,Fb: 170 Hz, Fb), Anal. Calcd for C11H15C1F206
(316.69): C, 41.72; H, 4.77. Found: C, 41.59; H, 4.51.

Compound 26p: Ry = 0.26 (heptane/EtOAc, 3:1 v/v),
colourless syrup (anomeric mixture).

'H NMR (250 MHz, CDCls):  5.55 (dd, 1H,
3h3=11.5, *J54 = 3.2 Hz, H-3), 5.24-5.17 (m, 1H, H-
4), 5.06 (d, 1H, *J;,=3.2Hz, H-1), 3.95 (dd, 1H,
Jasa =14, “Jsaso=13.0Hz, H-5a), 3.69 (dd, IH,
aso=2.1, *Jsusp=13.0Hz, H-5b), 3.39 (s, 3H,
OCHj3), 3.19-3.03 (m, 1H, °J,,=3.2, *J,3=11.5Hz,
H-2), 2.13, 199 (2s, 6H, 2xCHj); *C NMR
(75 MHz, CDCl5): 6 =170.4, 169.7 (2x C=0), 128.7
(t, "Jer =298 Hz, CF,Cl), 97.9 (C-1), 66.6 (C-3), 66.1
(C-4), 60.8 (C-5), 55.8 (OCH3), 49.4 (t, *Jcr =22 Hz,
C-2), 21.1, 20.8 (2xCH;); "F NMR (235 MHz,
CDCly): & —48.2 (d, *Jp.pp =170 Hz, F,), —49.7
(d, 2Jgars = 170 Hz, Fy); Anal. Caled for C,H,;sCIF-
04 (316.69): C, 41.72; H, 4.77. Found: C, 41.59; H,
4.51.

4.18. Methyl 3,4-di-O-acetyl-2-C-(4,4-difluorobutene-4-
yl)-2-deoxy-a-p-arabinopyranoside (27¢) and methyl 3,4-
di- O-acetyl-2-C-(4,4-difluorobutene-4-yl)-2-deoxy-p-n-
arabinopyranoside (27f)

The 1:1 anomeric mixture of 26a/26p (1.6 g, 5.05 mmol)
dissolved in dry EtOAc (10 mL) was converted as de-
scribed in Section 4.3. The syrupy residue (9.2 g) was
separated by column chromatography (heptane/EtOAc,
6:1 v/v) yielding 0.97 g (64%) of the anomeric mixture
270/27B (o:f = 1:1); HRMS-ESI of the o/B mixture:
Calcd [M+Na]": 345.1126. Found: 345.1118.
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Compound 27a: Rr = 0.43 (heptane/EtOAc, 1:1 v/v),
colourless syrup; '"H NMR (250 MHz, CDCls): § 5.89—
5.69 (m, 1H, CH-allyl), 537 (dd, 1H, °J,;=84,
3J5.4=3.7Hz, H-3), 5.28-5.16 (m, 3H, CH,-allyl, H-
4), 455 (d, 1H, J,,=5.8Hz, H-1), 3.96 (dd, 1H,
*J4sa=5.0, “Jsasp=12.3Hz, H-5a), 3.60 (dd, IH,
asp=3.0, *Js.sp =123 Hz, H-5b), 3.45 (s, 3H,
OCHj;), 2.93-2.62 (m, 1H, *J;, =158, °J,3=8.4Hz,
H-2), 2.62-2.44 (m, 2H, CH,-allyl), 2.07, 2.00 (2s, 6H,
2x CH3); '3C NMR (75 MHz, CDCl5): § 170.3, 169.8
(2x C=0), 128.9 (t, *Jcr = 5Hz, CH-allyl), 122.9 (t,
'Jerp=248Hz, CF,), 121.1 (CHy-allyl), 99.2 (t,
*Jer = 6 Hz, C-1), 66.4 (C-4), 66.1 (t, *Jc =4 Hz, C-
3), 61.2 (C-5), 56.4 (OCH3), 47.1 (t, *Jer =22 Hz, C-
2), 417 (t, *Jep=25Hz, CH,-allyl), 20.9, 20.9
(2x CH3); "F NMR (235 MHz, CDCl5): 6 —97.6 (d,
2Jrars = 258 Hz, F,), —98.3 (d, *Jr.r, = 258 Hz, Fy).

Compound 27B: Ry = 0.45 (heptane/EtOAc, 3:1 v/v),
colourless syrup.

'"H NMR (250 MHz, CDCl5): d 5.89-5.69 (m, 1H,
CH-allyl), 5.43 (dd, 1H, *J55=12.0, *J54=3.4 Hz,
H-3), 5.27-5.16 (m, 3H, CH,-allyl, H-4), 4.93 (d, 1H,
J12=32Hz, H-1), 391 (dd, 1H, °Jys,=123,
2Jsaso = 13.0 Hz, H-5a), 3.65 (dd, 1H, >J4s, =2.0,
2Jsaso = 13.0 Hz, H-5b), 3.36 (s, 3H, OCHj3), 2.93-2.73
(m, 1H, *J,,=32, 3/,3=12.0Hz, H-2), 2.75-2.35
(m, 2H, CH,-allyl), 2.11, 1.98 (2s, 6H, 2 x CH3); *C
NMR (75 MHz, CDCly): 6 170.4, 169.7 (2x C=0),
129.1 (t, *Jep=5Hz, CH-allyl), 1224 (t, 'Jep=
248 Hz, CF,), 120.5 (CHy-allyl), 97.8 (t, *Jcr =7 Hz,
C-1), 67.6 (C-4), 65.7 (t, *Jcr =4 Hz, C-3), 60.7 (C-5),
55.3 (OCHj), 45.0 (t, *Jop=25Hz, C-2), 40.0 (t,
3Jer=25Hz, CH-allyl), 20.9, 20.8 (2x CH;); F
NMR (235 MHz, CDCl3): 6 —93.9 (d, *Jga pb» = 258 Hz,
F.), —98.3 (d, 2Jgarp = 258 Hz, Fy).
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