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Abstract. The liquid crystalline 6-0-alkyl-a-D-galactopyrano- 
syl fluorides (3a-f) and the mesogenic 6-O-dodecyl-a-D- 
glucopyranosyl fluoride (7) were prepared from the ho- 
mologous 6-0-alkyl-1,2:3,4-di-O-isopropylidene-a-D-galacto- 
pyranosides (la-f) and from the methyl 2,3,4-tri-O-benzyl- 
glucopyranoside (4), respectively, in two and three steps. 
The fluorinations of la-f to the a-fluorides 2a-f and of 
5 to the a-fluoride 6 were carried out with the reagent 
system HFfnitromethanelacetic anhydride, which simulta- 
neously effects the complete exchange of the isopropy- 
lidene groups (la-f) and of the benzyl groups (5 )  for 
acetyl functions in the non-glycosidic positions. Moreover, 
the 6-0-dodecyl-2,3,4-tri-O-acetyl-~-D-galactopyranosyl fluo- 

ride (11) was prepared in three steps from the 6-0-dodecyl- 
galactopyranose (8). The stereoselective introduction of the 
fluoride into the p-anomeric position (10 + 11) was achieved 
by bromide-fluoride exchange with the two-phase system 
triethylamine-trishydrofluoridefpetroleum ether. Dodecyl 6- 
deoxy-6-fluoro-a-D-glucopyranoside (13), prepared from the 
glucoside 12 with the fluorinating agent DAST, shows a nar- 
row monotropic SA-phase and lyotropic liquid crystalline be- 
haviour in contact with water. Dodecyl 6-deoxy-6-fluoro-P- 
D-galactopyranoside (17), prepared in three steps from the 
acetal 14, does not form mesophases. The liquid crystalline 
behaviour of the amphiphilic glycosyl fluorides 3a-f, 7, and 
of the 6-deoxy-6-fluoro derivative 13 is described. 

Amphiphilic carbohydrate derivatives are interesting 
because of their biological importance [2], their surfac- 
tant properties [3, 41, and increasingly for their liquid 
crystalline behaviour for some years [5,6]. Recently, the 
first liquid crystalline fluorinated carbohydrates (4,6-0- 
alkylidene-2-deoxy-2-fluoro-D-glucopyranoses [7] and 
alkyl 2-deoxy-2-fluoro-D-glucopyranosides [lb]) were 
described. Previous systematic studies of various "sin- 
gle tailed" amphiphilic D-glucopyranoses [6, 81 and D- 
galactopyranoses [9, 101 had shown that their thermal 
behaviour significantly depends on the site of substitu- 
tion of the lipophilic chain. On the other hand, it was 
observed that in the case of fluoro-deoxy derivatives 
the site of the OH for F substitution has a decisive in- 
fluence on the thermal properties, i.e. the range of the 
mesophases is significantly reduced or the liquid crys- 
talline properties are entirely lost [7, lo]. Only in the 
case of the alkyl2-deoxy-2-fluoro-~-D-glucopyranosides 
was a destabilisation of the mesophases not found 

We turned our further attention to the synthe- 
sis of liquid crystalline glycosyl fluorides. Such meso- 
gens could be glycosyl donors for selective ther- 
mal glycosylations with mesogenic sugars using the 
ordered supramolecular structures of smectic meso- 
phases. 

UbI. 

Results and Discussion 

Synthesis 

At first we prepared the homologous series of 6- 
0-alkyl-a-D-galactopyranosyl fluorides 3a-f as well 
as the 6-0-dodecyl-a-D-glucopyranosyl fluoride (7) 
according to scheme 1, because the evaluation of 
the thermal behaviour of all the fluorine-free [6, 
8, 91 and fluorine-containing [lb, 71 "single tailed" 
D-glucopyranoses and D-galactopyranoses allowed 
to predict that fluorides with this arrangement of 
the lipophilic chain are the most likely to form 
mesophases. To synthesize the a-D-galactopyranosyl 
fluorides 3a-f the homologous 6-0-alky1-1,2:3,4-di-O- 
isopropylidene-a-D-galactopyranoses la-f [9, 11, 121 
were exclusively transformed to the thermodynami- 
cally favoured a-fluorides 2a-f using the system 
HF/nitromethane/acetic anhydride [13]. This reaction si- 
multaneously effects an acetal cleavage and the acety- 
lation of all non-glycosidic positions. Because the acety- 
lation step is very fast, no ring contraction took 
place [14]. ZemplCn-deacetylation [15] of the fluorides 
2a-f with methanolic sodium methanolate gave the 
amphiphilic galactosyl fluorides 3a-f in good yields 
(scheme 1). 
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The 6-0-dodecyl-a-D-glucopyranosyl fluoride (7) was 
synthesized from methyl 2,3,4-tri-O-benzyl-a-D-gluco- 
pyranoside (4) [16] in three steps. The 0-alkylation of 
4 to the 6-0-alkyl-derivative 5 was carried out with do- 
decyl bromide and NaH in anhydrous DMF with refe- 
rence to previously reported procedures [9,11,12]. The 
subsequent introduction of the anomeric fluoride into 5 
was carried out with the system HF/nitromethane/acetic 
anhydride yielding exclusively the a-glucosyl fluoride 6. 
However, it should be noticed that this reaction is ac- 
companied by a complete exchange of all three benzyl 
groups by acetyl functions under the applied reaction 
conditions (15 h at r.t.). The deprotection of the fluoride 
6 can be effected by methanolic sodium methanolate 
(scheme 1). 

Furthermore, an p-anomeric fluoride was prepared 
in order to check its reactivity in comparison to the 
a-isomers. To this end, 6-0-dodecyl-D-galactopyranose 
(8) was peracetylated with acetic anhydride in pyri- 
dine, the resulting derivative 9 was transformed to 
the a-bromide 10 by treatment with the hydrobromic 
acid/acetic acid reagent mixture [17]. The bromide 
for fluoride exchange to prepare the P-fluoride 11 
was carried out by refluxing 10 in the two-phase sys- 
tem of triethylamine-trishydrofluoride/petroleum ether 
(scheme 1). This procedure, which is based upon 

Petroleum ether- Acb 

11 

the kinetically controlled introduction of fluoride, was 
commented by us more detailed in a previous pa- 
per [MI. The cautious deacetylation of ll, carried 
out under ZemplCn-conditions, gave a mixture of the 
6-O-dodecyl-~-D-galactopyranosyl fluoride and rela- 
tively large amounts of the methyl 6-O-dodecyl-a-D- 
galactopyranoside. We relinquished on a chromato- 
graphic separation of the very unstable P-fluoride. 

Furthermore, the dodecyl 6-deoxyd-fluoro-a-D- 
glucopyranoside (13) and the dodecyl 6-deoxy-6-fluoro- 
(3-D-galactopyranoside (17) were prepared (scheme 2). 
In these compounds the sites of substitution of fluoride 
and of the alkyl chain are exchanged compared to the 
glycosyl fluorides 3d and 7 (scheme 1). The treatment 
of the glucoside l2 [6, 191 with DAST (diethylamino- 
sulfurtrifluoride) at r.t. in dichloromethane (for analo- 
geous procedures see ref, [20]) gave dodecyl6-deoxy-6- 
fluoro-a-D-glucopyranoside (13) in a yield of 31 % (no 
optimized reaction). The P-galactoside 17 was prepared 
in a 3-step synthesis from 6-deoxy-6-fluoro-1,2:3,4-di- 
0-isopropylidene-a-D-galactopyranose (14) [21]. The 
transformation of 14 to the difluoro derivative 15 was 
accomplished by the reagent system HFlnitromethanel 
acetic anhydride at r.t. (15 h). The obtained glyco- 
syl donor 15 reacted with dodecan-1-01 in acetonitrile 
(0 "C) under BF3 -catalysis (analogeous procedures see 

12 13 

14 15 16 17 
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ref. [22]) to give the P-galactoside 16. The latter was 
deacetylated by methanolic sodium methanolate to the 
target product 17. 

Structure and Stereochemistry 

The structure and stereochemistry of the compounds 
2a-f, 3a-f, 6, 7, 11, 13, 15-17 were supported by 
'H-, 13C-, and 19F-NMR spectroscopy. The structure- 
determinating data are summarized in the experimental 
part. Because of the similarity of the spectra of homol- 
ogous series (2a-f, 3a-f), only one representative spec- 
trum of each series is presented. The chemical shifts 
and the coupling constants of all described D-gluco- 
and D-galactopyranose derivatives are comparable to 
the corresponding data of structural similar derivatives 
reported in literature (reviews [23,24]). From the spec- 
tra can be concluded that the compounds exist as pure 
isomers in all cases. All a-configured derivatives 2, 3, 
6, 7, 13, 15 give small H-UH-2-coupling constants be- 
cause they have an equatorial (H-1) to axial (H-2) ar- 
rangement. The measured Jl/2-values for the compounds 
2, 3, 6, 7, 13, 15 are about 2.7 Hz confirming the a- 
configuration. In addition, the coupling constants of flu- 
orine with the neighbouring H- and C-atoms (3c: JH-~/F 
x 54.6 HZ / Jc-iE M 223.4 Hz; 7: JH-~/F M 54.0 HZ I 
Jc-11~ x 224.4 Hz, Jc-2~ x 24.9 Hz) are characteristic 
for a-fluorides (see ref. [23]). The corresponding chem- 
ical shifts of H-1 and C-1 of the a-fluorides 3 and 7 are 
6 = 5.53A09.1 and 6 = 5.50D08.7, respectively. 

The Jl,z-values of x 7.0 Hz for the fluoride 11 and of 
= 7.9 Hz and of M 7.6 Hz, respectively, for the galacto- 
sides 16 and 17 are characteristic for a diaxial arrange- 
ment of H-1 and H-2 proving the P-configuration at the 
anomeric centre. Furthermore, the chemical shifts of 11 
(H-1, 6 = 5.22 and C-1, 6 = 107.2) as like as the coup- 
lings JH-~/F = 49.1 Hz, JH-~/F x 10.7 Hz, Jc-1E M 217.3 
Hz, Jc-2~ x 24.8 Hz, and Jc-3~ M 11.3 Hz additionally 
support this conclusion. 

Finally, the chemical shift of the protons in 6-position 
of compound 13 (6 = 4.57) and the coupling of the F- 
atom with H-6/H-6' (47.9 Hz) confirm the successful in- 
troduction of fluorine in this position by DAST. Fur- 
thermore, all fluorine derivatives described here show 
the expected peaks in the 19F-NMR spectra. 

Thermal behaviour 

The interactions of amphiphilic carbohydrates within 
a mesophase are composed of two different contribu- 
tions, namely the hydrogen bonds between the OH- 
groups of the hydrophilic head groups and the van der 
Waals interactions among the alkyl chains. By a revised 
model recently reported by Jeffrey [5d] and van Doren 
[25] the thermal behaviour of smectic liquid crystals 

based on amphiphilic carbohydrates can be described. 
On heating, at first the rupture from the crystal lattice 
to the molecular clusters takes place between hydrogen- 
bonded head groups. The lipophilic chains of the am- 
phiphils form the core of the smectic bilayer whereas 
the carbohydrate moieties are arranged on the outside 
of the layers. Consequently, amphiphilic sugars such as 
"single-tailed" monosaccharides show a higher sensitiv- 
ity to thermal motion of hydrogen-bonding compared 
to the alkyl chain packing [5d, 251. 

The relative arrangement of the OH-groups in the 
self-assembled supramolecular structures of "single 
tailed" amphiphils depends on bonding site of the 
lipophilic chain to the head group (dissimilar packing 
of the head groups within the bilayer). Consequently, 
amphiphilic monosaccharides with different sites of the 
alkyl chain form a more or less effective hydrogen bond- 
ing network, i.e. the interactions between neighbouring 
bilayers as well as the interactions within a bilayer may 
strongly vary. The introduction of fluorine (being at best 
a H-bonding acceptor, no donor) replacing a hydroxyl 
group (H-bonding donor and -acceptor) leads to defects 
in the H-bonding network, reducing the stability of the 
mesophase. 

On heating, the homologous 6-0-alkyl-a-D-galacto- 
pyranosides 3a-f form smectic SA phases, however, a 
slow HF elimination (bubble formation) is already ob- 
served at temperatures slightly above the melting point 
of the compounds, i.e. mixtures of different components 
are created during the heating. These mixtures likewise 
show liquid crystalline behaviour (SA). Their clearing 
points, determined by polarizing microscopy, were re- 
producible (figure 1). We could not identify any indi- 
vidual component of the mixtures. Consequently, we 
do still not know glycosylations (intermolecular HF 
elimination) occur or an intramolecular HF elimination 
followed by oligomerisations is taking place. 
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Fig. 1 Thermal behaviour of the 6-0-alkyl-a-D-galactopyranosyl 
fluorides 3a-f 
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The galactosyl fluorides 3a-f melt about 20-30 
K lower than the corresponding fluorine-free 6- 
0-alkyl-D-galactopyranoses [9]. Thus, 6-O-dodecyl-D- 
galactopyranose (8) [9] melts at 122-123 "C and clears 
at 168°C [9b], whereas the fluoride 3d melts at 88-89°C. 
The clearing points are not directly comparable because 
of the HF-elimination. 
The 6-0-dodecyl-a-D-glucopyranosyl fluoride (7) melts 
at 80.5-81.5"C forming a smectic SA phase. The start 
of the HF-elimination was observed at 83°C. The re- 
sulting mesogenic mixture shows the wide clearing 
range of 126.5-136.5 "C, which additionally depends 
on the heating rate. The fluorine-free 6-O-dodecyl-D- 
glucopyranose melts at 92-94 "C and clears at 163 "C 
[8]. Consequently, in each case a decrease of the melt- 
ing points of 3a-f and 7 is observed compared to the 
melting points of the corresponding fluorine-free OH- 
containing compounds. 

Both the dodecyl 6-deoxy-6-fluoro-glycopyranosides 
13 and 17, respectively, do not form enantiotropic 
mesophases. The derivative 13 shows only monotropic 
and lyotropic (in contact with water) properties. This re- 
sult was not unexpected because various alkyl6-deoxy- 
glycosides do not show liquid crystalline behaviour as 
well [26]. The fluorine atom is bonded to a flexible 
exocyclic side chain. That should make its inclusion 
as H-acceptor to the H-bonding network more diffi- 
cult. Consequently, the structural situation of the 6- 
deoxy-6-fluoro-derivatives 13 and 17 is similar to the 
amphiphilic fluorine-free 6-deoxy derivatives described 
in ref. [26]. In contrast to the fluoro-derivative 17 the 
dodecyl P-D-galactopyranoside [6] as well as the dode- 
cyl a-D-galactopyranoside [27] shows liquid crystalline 
behaviour. 

121, l c  [9, 121, Id [9, 111, l e  [9, 111, If [9] in 15 ml of ni- 
tromethane and 3 ml of acetic anhydride 4 ml (0.2 mol) of 
anhydrous HF were added at 0°C (HF-resistant equipment!) 
and the closed vessel was allowed to stand at r.t. for 15 h. 
Then, the reaction mixture was carefully poured into a cooled 
solution of 20 ml (0.15 mol) of Et3N in 200 ml of petroleum 
ether. The polar phase was separated and extracted with 100 
ml of the petroleum ether once more. The combined hydro- 
carbon phases were washed with saturated aqueous NaHS04 
(50 ml), 50 ml of water, dried (Na2S04), and concentrated 
under reduced pressure to give syrups which on column chro- 
matographic separation (eluent: toluene/ ethyl acetate 10 : 1 
v/v; Rf = 0.31-0.43) yielded colourless syrups of 2a-f (45- 
88 %). 
2a: C19H3108F (406.45) calcd. C 56.15, H 7.69, found C 56.52, 
H 7.63 
2b: C20H330gF (420.48) calcd. C 57.13, H 7.91, found C 57.25, 
H 8.14, (see also ref. [13]) 
2c: C22H3708F (448.53) calcd. C 58.91, H 8.31, found C 58.93, 
H 8.14, (see also ref. [13]) 
2d: C24H4108F (476.58) calcd. C 60.49, H 8.67, found C 60.54, 
H 8.63, (see also ref. [11]) 
2e: C26H450gF (504.64) calcd. C 61.88, H 8.99, found C 61.84, 
H 8.85, (see also ref. [11]) 
2f C28H4908F (532.69) calcd. C 63.13, H 9.27, found C 63.30, 
H 9.50 
2 ~ ' :  'H-NMR (250 MHz / CDC13 / TMS): S = 0.86 (t, 3H, 
CH3), 1.20-1.28 (m, 14H, CH2), 1.50 (m, 2H, CH2-P), 1.96, 
2.08, 2.11 (3s, 3 x 3H, 3Ac), 3.36 (m, 3H, H-6', CHz-a), 3.51 
(dd, 1H, J6/6! = 10.0, H-6), 4.30 (ddd, 1H, J5/6 = 6.1, J5/6t = 
6.1, H-5), 5.15 (ddd, 1H, J2/3 = 10.7, J ~ / F  = 23.5, H-2), 5.34 
(dd, lH, J3/4 = 3.3, H-3), 5.52 (dd, lH, 5415 = 1.5, H-4), 5.77 
(dd, 1H, J1/2 = 2.7, J ~ E =  53.7, H-1). - 13C-NMR (62 MHz / 
CDC13 / TMS): S = 14.0 (CH3), 20.5, 20.5, 20.6 (OCOCH3), 
22.6-31.9 (CHz), 67.2 (C-3), 67.7 (d, J c - 2 ~  = 24.1, C-2), 68.0 
(C-4), 68.3 (C-6), 69.9 (d, J c - 5 ~  = 3.4, C-5), 71.9 (CHz-a), 
104.4 (d, Jc-1F = 227.8, C-l), 169.8, 169.8, 170.2 (OCOCH3). 
- 19F-NMR (235 MHz / CDCl3 / CFC13): 6~ = -150.2. 

The authors are grateful to Dr. Heiko Prade for his kind coop- 
eration. Furthermore, we thank the "Deutsche Forschungsge- 
meinschaft", the "Herbert Quandt-Stiftung", and the "Fonds 
der Chemischen Industrie" for financial support of our re- 
search. 

Experimental 

Column chromatography (Silica Gel 60, 0.063-0.2 mm, 
Merck) and thin layer chromatography (Silica Gel 60 foils 
F254, Merck). lH-, 13C-, 19F-NMR: Bruker AC 250. Textural 
observations and measurements of melting (rn.p.) and clear- 
ing points (c.P.) were carried out with a Leitz Laborlux 12 
Pol polarising microscope equipped with a Mettler FP 90 hot 
stage. The solvent "petroleum ether" used for the quenching 
of some reaction mixtures was a fraction boiling at 60435°C. 

6-O-Alkyl-c~-D-galactopyranosyl fluorides (3a-f) 
a) 2,3,4-Tetra-O-acetyl-6-O-alkyl-a-D-galactopyra~osyl fluo- 
rides (2a-f) 

To a solution of 5 mmol of the corresponding 6-0-alkyl- 
1,2:3,4-di-O-isopropylidene-a-D-galactopyranose l a  [9], l b  [9, 

b) 6-0-Alkyl-a-D-galactopyranosyl fluorides (3a-f) 

0.3 mmol of the corresponding fluorides 2a-f were simi- 
larly deacetylated as described by ZemplCn [HI; for the 
long-chain derivatives complete solubility is achieved by 
adding of small amounts of ethyl acetate or acetone. The 
reaction is finished within 30 min. (t.1.c.-control; eluent: 
dichloromethane/methanol 6 : 1 v/v; Rf: 0.37-0.46). After 
cautious neutralisation with an acidic ion exchange residue 
(Lewatit S) the solution was filtrated, concentrated under re- 
duced pressure, and the crystalline colourless residues were 
recrystallized from hexane. Yield 57-95 %. 
3a: Yield 71.6 mg (85.3 %); m.p. 8485°C; c.P.: 107-109"C, 
C13H2505F (280.34) calcd. C 55.70, H 8.99, found C 55.46, H 
8.99 
3b: Yield 70.6 mg (80.1 %); m.p. 75-75.5 "C, c.p. 142.5-145 "C, 
C14H2705F (294.36) calcd. C 57.12, H 9.24, found C 56.99, H 
9.15 

') Deviations within the homologous series of 2a-f 'H-NMR f 
0.05 ppm/f 0.2 Hz; 13C-NMR f O.Olppm/f 0.1 Hz; 19F-NMR 
f 0.05 ppm 
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3c: Yield 84.6 mg (87.6 %), m.p. 84-84,5"C, c.p. 146-150°C, 
C&310.#' (322.42) calcd. C 59.61, H 9.69, found C 57.94, H 
9.92 
3d: Yield 99.3 mg (94.6 %), m.p. 88-89"C, c.p. 146.5-15loC, 
C18H3505F (350.47) calcd. C 61.69, H 10.07, found C 61.30, 
H 10.16 
3e: Yield 72.0 mg (63.5 YO), m.p. 97"C, c.p. 142.5-145.5"C, 
CzoH3905F (378.53) calcd. C 63.46, H 10.38, found C 62.91, 
H 10.47 
3f: Yield 69.2 mg (56.8 YO), m.p. 97.5-99"C, c.p. 134"C, 
C22H4305F (406.58) calcd. C 64.99, H 10.66, found C 64.93, 
H 10.66 
3g): 'H-NMR (250 MHz / acetone-d6 / TMS): 6 = 0.86 (t, 
3H, CH3), 1.20-1.37 (m, 14H, CHz), 1.52 (m, 2H, CHz-P), 
3.43 (m, 2H, H-5, 1 CHz-a), 3.55 (dd, 1H, 5516 = 6.4, J6/6t = 
10.1, H-6), 3.66 (dd, lH, J5/6, = 5.5, H-6'), 3.80 (m, 3H, H-2, 
OH, 1 CHz-a), 4.03 (m, 4H, H-3, H-4, 2 OH), 5.53 (dd, lH, 

3b: 13C-NMR (62 MHz / aCetOne-d6 / TMS) 6 = 14.3 (CH3), 
5112 = 2.7, J ~ / F  = 54.6, H-1). 

23.3-32.6 (CHz), 69.7 (d, J c - 2 ~  = 24.7, C-2), 70.1 (C-4), 70.6 
(CHz-a), 70.7 (C-3) , 72.0 (C-6), 72.7 (d, J c - 5 ~  = 3.0, C-5), 
109.1 (d, Jc-ip = 223.4, C-1). - 19F-NMR (235 MHz / CDC13 / 
CFCl3): 6~ = -152.6. 

6-0-Dodecyl-a-D-glucopyranosyl fluoride (7) 
a) Methyl 2,3,4-tri-O-benzyl-6-O-dodecyl-a-D-glucopyranoside 

To a solution of 9.28 g (20 mmol) of methyl 2,3,4-tri-O- 
benzyl-a-D-glucopyranoside (4) [16] in 100 ml of anhydrous 
DMF 2.8 g of NaH (80 %-emulsion in paraffin oil) were 
added in small portions at 0°C under stirring. After fur- 
ther 10 min. the mixture was allowed to warm up to r.t. and 
5.48 g (22 mmol) of dodecyl bromide were added. The sus- 
pension was stirred for 2 h, the unreacted NaH was care- 
fully decomposed by adding 100 ml of water, and the aque- 
ous solution was extracted with petroleum ether (3 . 75 ml). 
The combined organic phases were dried (Na2S04) and con- 
centrated under reduced pressure to give a syrup (11.9 g) 
still containing small parts of unreacted alkylbromide (t.1.c.: 
dichloromethane/acetone 95 : 5 v/v;. Rf : 0.75-0.82). This prod- 
uct was used for the synthesis of 6 without further purification 
(crude yield: 90 %). 

(5) 

b) 2,3,4- Tri- 0-acetyl-6-0-dodecyl-a-D-glucopyranosyl fluoride 

3.2 g (5 mmol) of 5 were fluorinated as described for 3a-f (15 
ml of nitromethane/3 ml of acetic anhydridel6 ml (0.3 mol) of 
HF) and the mixture was worked up analogously. Purification 
of the obtained colourless syrup by column chromatography 
(eluent: toluene/ethyl acetate 15 : 1 v/v; Rf = 0.32) yielded 84 
mg (36 %) of 6 as a syrup. 
C24H41O8F (476.58) calcd. C 60.49, H 8.67, found C 60.98, H 
8.71 

1.20-1.35 (m, 18H, CHz), 1.53 (m, 2H, CHz-P), 2.01, 2.02, 
2.09 (3s, 3 . 3H, 3Ac), 3.42 (m, 3H, H-6', 2 CH2-a), 3.56 (dd, 

(6) 

'H-NMR (250 MHz / CDCl3 / TMS ): 6 = 0.87 (t, 3H, CH3), 

IH, 5516 = 2.7, 5616' = 11.3, H-6), 4.10 (ddd, IH, 5516' = 3.0, 

2, Deviations within the homologous series of 3a-e: 'H-NMR 
& 0.05 ppmkk 0.3 Hz; 13C-NMR f 0.1 ppm/f 0.4 Hz; 19F-NMR * 0.1 ppm; 3f is insufficiently soluble in acetone 

J415 = 9.5, H-5), 4.93 (ddd, 1H, Jl/z = 2.7, 5213 = 10.1, J ~ / F  = 
24.1, H-2), 5.17 (dd, lH, J314 5 9.8, H-4), 5.47 (dd, lH,  H-3), 
5.73 (dd, J ~ / F  = 53.1, H-1); 
13C-NMR (62 MHz / CDC13 / TMS): 6 = 14.0 (CH3), 20.6, 
20.5, 20.4 (OCOCH3), 22.6-31.9 (CHz), 68.2, 69.7 (C-3, C-4), 
68.7 (C-6), 70.4 (d, Jc-~/F = 24.6, C-2), 71.0 (d, J c - 5 ~  = 3.9, 
C-5), 72.1 (CHz-a), 103.8 (d, Jc-11~ = 228.8, C-l), 169.3, 169.9, 
170.0 (OCOCH3). - 19F-NMR (235 MHz / CDC13 / CFC13): 
6~ = -149.4. 

c) 6-0-Dodecyl-a-D-glucopyranosyt fluoride (7) 
143 mg (0.3 mmol) of 6 were deacetylated as described for 3a- 
f yielding colourless crystals of 7 (80 mg; 75.8 YO), which were 
recrystallized from hexane; t.1.c.: dichloromethane/methanol 

m.p. 80.5-81.5 "C, c.p. 126.5-136.5 "C (accompanied by decom- 
position) 
C18H3505F (350.47) calcd. C 61.69, H 10.07, found C 61.60, 
H 10.09 
'H-NMR (250 MHz / acetone-d6 / TMS): 6 = 0.86 (t, 3H, 
CH3), 1.20-1.35 (m, 18H, CHz), 1.53 (m, 2H, CHT-P), 3.42 
(m, 4H, H-2, H-4, CH2-a), 3.63 (m, 3H, H-6, H-6', OH), 3.76 
(ddd, 1H, J415 = 10.1, J516 = 5.2, 5516 = 2.4, H-5), 4.20 (m, 

- 13C-NMR (62 MHz / acetone-d6 / TMS): 6 = 14.3 (CH3), 

6:1 V/V; Rf = 0.61. 

3H, H-3, 2 OH), 5.50 (dd, 1H, J1/2 = 2.7, J ~ / F  = 54.0, H-1). 

23.3-32.6 (CHz), 70.7 (C-4), 70.8 (C-6), 72.2 (C-3), 73.0 (d, 
J c - 2 ~  = 24.9, C-2), 74.5 (CH2-a), 74.9 (d, J c - 5 ~  = 3.6, C- 
5),  108.7 (d, Jc-lp = 224.4, C-1). - 19F-NMR (235 MHz / 
acetone-d6 / CFC13): 6~ = -150.6, J ~ F  = 54.0 Hz, JZIF = 23.3 
Hz. 

2,3,4-Tri-0-acetyl-6-O-dodecyl-~-D-galactopyranosyl fluoride 

a) 1,2,3,4-Tetra-O-acetyl-6-O-dodecyl-D-galactopyranose (9) 

To a solution of 4.83 g (13.9 mmol) of 6-O-dodecyl-D- 
galactopyranose (8) [9] in 20 ml of anhydrous pyridine 20 
ml of acetic anhydride were added at 0°C and the mixture 
was allowed to stand overnight. Then the solution was con- 
centrated under reduced pressure, the residue dissolved in 
100 ml of chloroform (t.1.c.: toluene/ethyl acetate 6 : 1 v/v; Rf 
= 0.38) and the solution washed with 50 ml of water, 50 ml 
of aqueous NaHC03 and with 50 ml of water. After drying 
(NazS04) and evaporation of the organic solvent, the syrupy 
residue was used to prepare the bromide 10 without further 
purification; yield of 9: 3.79 g (52.8 "/o). 

(11) 

b) 2,3,4-Tri-O-acetyl-6-O-dodecyl-a-D-galactopyranosyl bro- 
mide (10) 
To a solution of 1.0 g (1.94 mmol) of 9, dissolved in 12 ml of 
dichloromethane, 2.8 ml of the brominating agent (40 % HBr 
in acetic acid, w /w) were added. The mixture was stirred 
for 3045 min at r.t., diluted with 50 ml of dichloromethane 
and poured into 100 ml of ice-water. The organic phase was 
washed with 20 ml of cold saturated aqueous NaHS04, dried 
(NazS04) and concentrated. The instable bromide 10 (0.91 g/ 
87%, syrup) was used for the following procedure without 
any purification (t.1.c. of 10: toluene/ethyl acetate 6 : 1 vlv; 
Rf: 0.55). 
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c) 2,3,4-Tri-O-acetyl-6-O-dodecyl-~-D-galactopyranosyl fluo- 
ride (11) 
1.1 g (2 mmol) of 10, dissolved in ca. 5 ml of CHC13, 
were added to the two-phase system petroleum ether1 
triethylamine-trishydrofluoride (prepared from 50 ml of 
petroleum ether, 7 ml (50 mmol) of anhydrous Et3N and 
3 ml (150 mmol) of anhydrous HF at -20°C) [18] and the 
mixture was refluxed for 20 h. After this time ca. 90% of 
the starting material had vanished. After phase separation 
the triethylamine-trishydrofluoride phase was extracted with 
20 ml of petroleum ether. The combined hydrocarbon phases 
were washed with water, dried (Na2S04) and concentrated 
under reduced pressure. The residue was purified by column 
chromatography (eluent: toluene/ethyl acetate 15 : 1 v/v; Rf: 
0.25) yielding 11 as a colourless syrup; 0.86 g (90 YO). 
C24H41OsF (476.58) calcd. C 60.49, H 8.67, found C 60.37, H 
8.50 
'H-NMR (250 MHz / CDC13 I TMS ): 6 = 0.86 (t, 3H, CH3), 
1.20-1.31 (m, 18H, CH2), 1.50 (m, 2H, CHz-P), 1.97, 2.07 , 
2.13 (3s, 3 . 3H, 3Ac), 3.41 (m, 3H, H-6, CH2-a), 3.57 (dd, 
1H, J5/6 = 6.1, J6/6! = 10.1, H-6'), 3.91 (ddd, 1H, J4/5 = 1.5, J516 

6.4, H-5), 5.02 (dd, lH, J3/4 = 3.4, J2/3 = 10.4, H-3), 5.22 (dd, 
lH,  Jl/z = 7.0, J ~ / F  = 49.1, H-l), 5.26 (ddd, lH,  J ~ / F  = 10.7, 
H-2), 5.42 (dd, lH, H-4). - 13C-NMR (62 MHz / CDC13 / 
TMS): 6 = 14.0 (CH3), 20.4, 20.5, 20.6 (OCOCH3), 22.6-31.9 
(CH2), 67.0 (C-4), 68.2 (C-6), 69.1 (d, J c - 2 ~  = 24.8, C-2), 
70.2 (d, JC-J/F = 11.3, C-3), 72.0 (CH2-a), 72.5 (d, Jc-~F = 
4.6, C-5), 107.2 (d, JC-iE = 217.3, C-l), 169.9, 169.9, 169.2 
(OCOCH3). - 19F-NMR (235 MHz / CDC13 / CFC13): 6~ = 
-141.4. 

Dodecyl 6-deoxy-6-fluoro-c~-D-glucopyranoside (13) 

To a stirred and cooled (-40°C) suspension of 0.4 g (1.15 
mmol) of dodecyl a-D-glucopyranoside (12) [6, 191 in 5 ml of 
anhydrous CHzC12 0.9 ml (6.9 mmol) of DAST were added 
and the mixture was allowed to warm up to r.t.. The re- 
action was finished within 45 min. After quenching by 2.5 
ml of methanol at -10"C, the solution was concentrated un- 
der reduced pressure and purified by column chromatography 
(eluent: ethyl acetate; Rf : 0.35). Yield of 13: 124.7 mg (31 

m.p. 52.5"C, c.p. 44.5"C (monotropic ), c.p. (lyotropic phase, 
water): 132 "C 
C18H3505F (350.47) calcd. C 61.69, H 10.07 found C 61.92, 
H 9.99 
'H-NMR (250 MHz / acetone-d6 / TMS): 6 = 0.86 (t, 3H, 
CH3), 1.23-1.40 (m, 18H, CH2), 1.56 (m, 2H, CHz-P), 3.36 
(m, 4H, H-2, H-3, H-4, 1 CH2-a), 3.68 (m, 3H, H-1, H-5, 1 

%). 

CHz-a), 3.97 (d, lH, OH), 4.19 (d, lH, OH), 4.57 (m, 2H, J ~ / F  
= J@/F = 47.9, H-6, H-6'), 4.75 (d, lH, OH). - I3C-NMR (62 
MHz / DMSO-d6 / TMS): 6 = 14.0 (CH3), 22.3-31.5 (CHz), 
67.4 (CHZ-CX), 69.2 (d, J c - 4 ~  7 6.8, C-4), 71.0 (d, Jc-S/F = 
17.4, c-5), 71.9 (c-2), 73.3 (c-3), 82.9 (d, Jc-~/F = 169.2, c -  
6), 98.9 (C-1). - 19F-NMR (235 MHz / DMSO-d6 I CFCl3): 
6~ = -231.9. 

Dodecyl 6-deoxy-6-fluoro-~-D-galactopyranoside (17) 
a) 2,3,4-Tri-O-acetyl-6-deoxy-6-fluoro-a-D-galactopyranosyl 
fluoride (15) 
0.87 g (3.3 mmol) of 6-deoxy-6-fluoro-1,2:3,4-di-O-isopropyl- 
idene-a-D-galactopyranose (14) [21] were fluorinated to 15 

in the system nitromethane(2 ml) / acetic anhydride(1 ml) I 
anhydrous HF (1 ml) as described for the compounds 2a-f. 
After cautious quenching in CHC13 (100 ml)/Et3N (8 ml) the 
reaction mixture was worked up as described for 2a-f and the 
crude product purified by column chromatography (eluent: 
toluene/ethyl acetate 6 : 1 v/v; Rf = 0.31); the obtained syrup 
solidified in the refrigerator; yield: 0.45 g (51.8 Y). 
15: 'H-NMR (250 MHz / CDC13 / TMS ): 6 = 1.94, 2.05, 2.08 
(3S, 3 . 3H, ~ A c ) ,  4.36 (ddd, IH, J5/6 = 3.7, J6/6/ = 9.2, J6/~-6 = 
42.4, H-6), 4.36 (m, 1H, H-5), 4.43 (ddd, 1H, J5/6 = 6.1, J6,~-6 
= 42.4, H-6'), 5.13 (ddd, lH, 5112 = 2.7, J2/3 = ll:O, Jm-1 
= 23.5, H-2), 5.31 (dd, lH, 5314 = 3.3, H-3), 5.51 (dd, J415 = 
1.2, H-4), 5.75 (dd, J1m-l = 53.4, H-1). - 13C-NMR (62 MHz 
/ CDC13 / TMS): 6 = 20.4, 20.5, 20.5 (OCOCH3), 66.9 (C- 
3) ,  67.3 (d, Jc-4m-6 = 5.2, c-4), 67.4 (d, Jc-~/F-~ = 24.0, c-2), 
69.4 (dd, Jc-5m-1 = 3.8, Jc-~/F-~ = 23.8, c-5), 80.6 (d, Jc-6m-6 
= 172.6, C-6), 104.3 (d, Jc-iE-1 = 228.9, C-l), 169.7, 169.8, 
170.2 (OCOCH3). - I9F-NMR (235 MHz / CDC13 / CFC13): 
6 = -150.7 (dd, J1m-1 = 53.2, J2m-1 = 23.3, F-l), --232.1 (ddd, 
J5/~-6 = 15.2, J ~ F  = J~ , /F  = 45.8, F-6). 

b) Dodecyl2,3,4-tri-O-acetyl-6-deoxy-6-fluoro-~-D- 
galactopyranoside (16) 

0.5 g (1.9 mmol) of 15 and 0.53 ml (2.3 mmol) of dodecan- 
1-01 were dissolved in 5 ml of anhydrous acetonitrile and a 
small amount of powdered and activated molecular sieves (3 
A) was added. The mixture was stirred for 10 min at r.t., 
cooled down to O"C, 0.33 ml (2.7 mmol) of BF3-etherate 
was added and the reaction continued for 1 h at 0°C (t.1.c.- 
control). Then, the molecular sieves were filtered off using 
Silica Gel, the filtrate diluted with 20 ml of CH2C12, washed 
with 10 ml of saturated aqueous NaHS04, dried (Na2S04) 
and concentrated. The p-anomeric product 16, still containing 
small parts of dodecanol after the column chromatographic 
separation (eluent: tolueneiethyl acetate 15 : 1 viv; Rf: 0.21; 
yield 0.76 g (84.5 YO)), was directly deacetylated to 17. 

CH3), 1.10-1.35 (m, 18 H, CHz), 1.49 (m, 2 H, CHz-p), 1.91, 
1.97, 2.07 (3s, 3 . 3H, 3Ac), 3.41 (m, lH,  CHz-a), 3.86 (m, 

16: 'H- NMR (250 MHz / CDC13 / TMS ): 6 = 0.81 (t, 3H, 

2H, H-5, CH2-a), 4.34 (ddd, 1H, 5-36 = 5.5, J6/6' = 9.8, J61~ 
= 46.7, H-6), 4.41 (d, lH, J112 = 7.9, H-l), 4.42 (ddd, lH,  
J5/6 = 6.4, J6rm = 46.7, H-6), 4.96 (dd, 1H, J2/3 = 10.7, J3/4 = 
3.7, H-3), 5.14 (dd, lH,  H-2), 5.35 (dd, lH,  J4/5= 1.5, H-4). - 
I3C-NMR (62 MHz / CDCl3 / TMS): 6 = 14.0 (CH3), 20.5, 
20.5, 20.6 (OCOCH3), 22.6-32.7 (CHz), 67.4 (d, J c - 4 ~  = 5.8, 
C-4), 69.0 (C-2), 70.3 (CHz-a), 71.5 (d, J c - 5 ~  = 23.6, C-5), 
80.8 (d, Jc-~/F = 169.9, C-6), 101.3 (C-l), 169.3, 170.1, 170.2 
(OCOCH3). - 19F-NMR (235 MHz / CDC13 / CFC13): SF = 
-230.5. 

c) Dodecyl6-deoxy-6-fluoro-P-D-galactopyranoside (17) 
143 mg (0.3 mmol) of 16 were deacetylated as described for 
3a-f. Compound 17 (t.1.c. dichloromethane/methanol 6 : 1 
v/v; Rf = 0.52, yield: 90 mg (85.3 %)) was recrystallized from 
hexane; m.p. 75.5 "C. 
C18H3505F (350.47) calcd. C 61.69, H 10.07 found C 61.38, 
H 9.99 
'H-NMR (250 MHz / aCetOne-dg / TMS): 6 = 0.86 (t, 3H, 
CH3), 1.20-1.36 (m, 18H, CH2), 1.53 (m, 2H, CH2-p), 3.49 
(m, 3H, H-2, H-3,l CHz-a), 3.79 (m, 3H, H-4, H-5, 1 CH2- 
a), 4.21 (d, 1H, J1/2 = 7.6, H-l), 4.52 (ddd, lH,  J516 = 6.7, 
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J6/@ = 9.8, J6m = 48.5, H-6), 4.60 (ddd, 1H, J5/6 = 4.6, J~,,F 
= 46.4, H-6). - 13C-NMR (62 MHz I DMSO-d,.j / TMS): 6 = 
14.1 (CH3), 22.3-31.5 (CHz), 68.4 (d, JC-WF = 7.1, C-4), 68.9 
(CHz-a), 70.5 (C-2), 73.2 (d, J c - 5 ~  = 20.1, C-5), 73.2 (C-3), 
83.6 (d, J c - 6 ~  = 165.5, C-6), 103.5 (C-1). - I9F-NMR (235 
MHz / DMSO-d6 / CFC13): 6~ = -227.8. 
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