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ABSTRACT 

The crystal and molecular structures of methyl a-L-fucopyranoside are reported. The sugar ring has 

the expected ‘C, conformation. The ‘H NMR spectrum at 600 MHz was fully analysed. The 

conformation of the pyranose ring in solution, derived from ‘JHH values, was very similar to that in the 

crystal. All these features have been rationalised through molecular mechanics calculations. 

INTRODUCTION 

L-Fucose is widely distributed in plant polysaccharides and animal glycans’. 
These include the fucans from brown-algal cell walls2,3, and the hormonal, serum, 
and plasma glycoproteins4. L-Fucose is the immunodominant monosaccharide of 
many blood-group antigenic determinants”. Recent studies reported the occur- 
rence of L-fucose in a carbohydrate tumor-associated antigen’, in a glycosphin- 
golipid’, in the neutral glycopeptides from human neuroblastoma cells’, in a 
glycopeptidolipid antigen of serovar 20 of the Mycohacterium acium serocomplex’, 
and in the trisaccharide-protein conjugate of the phenolic glycolipid of Mycobac- 

terium tuberculosis ‘“. Bauman et al.” reported NMR and conformational studies of 
oligosaccharides substituted with L-fucopyranosyl residues. X-ray crystal structure 
determinations of a hydrated calcium bromide complex of cw-o-fucose’2, of (Y-L- 

fucose’” and of a-DL-fucose’4 have also been reported. In the present study, we 
have deiermined the crystal and molecular structures of methyl a-L-fucopyrano- 
side. A ‘H NMR study at 600 MHz in D,O has also been carried out with the aim 
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of the complete assignment of the chemical shifts and ‘Jr,r, coupling constants that 

were not available from a previous study at 400 MHz because of the strongly 

coupled spectrum in the 3.80 ppm region due to protons H-2, H-3. and H-4”. 

EXPERIMENTAL 

@neroI.-Melting points (Kofler apparatus) are uncorrected. ‘H NMR spectra 

were recorded with a Brukcr AX 600.14 MHz spectrometer. Optical rotations were 

dctcrmined at 23 k 2°C with a Perkin-Elmer 341 polarimcter. Analytical TLC was 

carried out on Silica Gel 60 I;,,,4 (Merck) with detection by charring with 103 

cthanolic phosphomolybdic acid. Column chromatography was performed on 

Kieselgel 60 (Merck, 70-230 mesh). I.-Fucosc was obtained from Sigma. 

S~~rtlx~is. -The methyl ru-r.-fucopyranoside was synthesised according to Gar- 

diner and Percival’“. A solution of L-fucose ( 10.0 g) in anhyd MeOH (400 mL) was 

treated with acetyl chloride (6 mL) and left for 66 h at room temperature. The 

solution was ncutralised with silver carbonate. the suspension filtered. and the 

filtrate concentrated under reduced pressure, giving a syrup ( 17.06 g). The crude 

product was chromatographed on silica gel. Elution vvas carried out with OS : 5 

EtOAc-M&H, collecting fractions of I.5 mL. Fractions 45-60 afforded a syrup 

(3.08 g) that showed a single spot in TLC, using the same mixture as clucnt: [(VI?; 

+ 118.5” (c 1.5, MeOH); lit.“’ for methyl B-t.-fucofuranoside, [(I];; + I I? (MeOHJ. 

Fractions 75-00 gave crystals (0.67 g) which were recrystaliised from EtOAc; mp 

l2S-126°C; [cY]~ - 103.9” (c 1.39, McOH); lit.“’ for methyl a-1 -fucofuranosicic. mp 

l27-128°C; [cy];; - 10X” (MeOH). Fractions ol-IO!, gave crystals (03 g) which 

were rccrystallised from EtOAc; mp 157.-158°C; [*If: -- 18X.03” ((, l.Oh. M&H): 

lit.“’ for methyl cr-I.-fucopyranoside, mp 15X-159°C; [u]$ - 191” (McOH). 

NMK s~~ectr-c~scop)?.-Recently, a ‘H and “C NMR study of the title compound 

has been reportediT (400 MHz, D,O at 70°C). The ‘H NMR spectrum was not 

fully assigned because of strong coupling in the 3.8%ppm region due to protons 

H-2, H-3, and H-4. We now report the complete assignment of the ‘H NMR 

spectrum at 600 MHz (3 mg/mL in D,O; 27°C; internal standard. acctonc IO i 

M. 2.225 ppm). Chemical shifts and .; couplings arc reported in Table 1. The 

spectrum was acyuircd using 64 K scans with a total spectral width of 3600 Hz. a 

digital resolution of 0.05 Hz/point. and an acquisition time of 0 s. Resolution 

enhancement was achieved through a small Gaussian multiplication. 

X-~uq‘ cr~stullogrr~ph~. -Evaporation of an ethyl acetato solution of the title 

compound yielded prismatic, transparent crystals. Wcisscnberg and oscillation 

photographs showed the crystal to be monoclinic. the space group being 1’2,. A 

crystal (0.5 X 0.4 X (I.2 mm) was set on a four-circle Sicmcns R.?m/V diffractornc- 

ter equipped with graphite-monochromated Cu k’tu radiation. Accurate unit-cell 

parameters were obtained from a least-squares fit of 2X rcflcctions with 77 I 20 5 

04”. The crystal data arc given in Table II. The intensity data wcrc collcctcd in the 

H-20 scan mode; scan width, 2” + 0.14 tan 0; scan rate, I.5 to I4.65”. nun ‘: 
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TABLE I 

‘H NMR data a (8 in ppm and J in Hz) (root mean square < 0.1 Hz) 

Protons s -?I “,J 

H-l 4.919 

H-2 3.929 
3.60 

H-3 3.962 
10.20 

H-4 3.938 3.10 

H-5 4.185 
0.80 

CH, 1.378 
6.70 

0-CH, 3.546 

” Assignment verified by homodecoupling, see Fig. 1. 

background count time, half of total scan time; B,,, = 70”; (hkl range: h 0 to 7, k 0 
to 9, I - 12 to 11). There was no significant intensity variation for the three check 
reflections 0 1 1, 1 1 0, 3 0 1, monitored every hundred. The data were corrected 
for Lorentz-polarisation effects; no absorption nor extinction corrections were 
made. A total of 1002 reflections were collected; merging equivalents gave 873 

(a) 

I 

4.00 wm 

(b) 

pm 

Fig. 1. (a) The 3.95-ppm region of the 600-MHz spectrum of methyl a-L-fucopyranoside; (b) homode- 
coupled on proton H-S. 



Crystal data for methyl WI -fucopyranoside 

Molecular formula 

Molecular weight 

Crystal system 

space group 
Cell dimensions 

N (‘4, 

h 

;;I (“) 

Cell volume 6’) 

% 
F (000) 
p (CuKn)(cm-‘) 

DC (kg.m ‘) 

C,H,,O, - 

178.2 

Monoclinic 

P2, 

5.X39(2) 

7.X92(2) 

10.074(3) 

102.61(?) 

353. I(?) 
2 

IO7 

O.Yl I 
I .3Uh 

unique R,,,, = 1.97%, ot’ which 832 with F,, 2 4aF;;, were used for structural 

analysis. The structure was solved by direct methods, using the SHELXTL-Plus” 

package. and refined on 5, by full-matrix least-squares methods. All the hydrogen 

atoms were located in subsequent difference Fourier maps and included in the 

later refinement with fixed U,,,, = U.08 &. The final R was 0.043, wR = 0.068, 

S = 0.98. The function minimised was Zw( I F,, / - 1 f, I)‘, where w = I/a?&;,) + 

O.O049I;,,. Final Fourier synthesis was featureless with - 0.25 < J/j I 0.24 e k ‘. 

The atomic scattering factors wcrc those in the SHELXTL-Plus package and 

are in the analytical form in the International Tables for X-ray Crystallography’S. 

The PARST program’” wa5 used for geometry calculations. 

TABLE III 

Atomic coordinates and equivdcnt isotropic displacement coefficients (,<‘) 
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Fig. 2. Molecular conformation of methyl a-r-fucopyranoside. 

Final fractional coordinates and Ueq values of the heavy atoms are listed in 

Table III *. 

DISCUSSION 

The configuration, the conformation, and the atom-numbering scheme are 

shown in Fig. 2. The molecular geometry is listed in Table IV. Bond lengths and 

valence angles conform to those of the three related structures: CaBr,-a-D- 

fucose’*, cu-L-fucopyranose’“, and a-pL-fucopyranose’J. As usual in the pyranosidic 

compounds, the C-1-0-1 bond [1.397(4) A] is shorter then the C-l-O-5 bond 

[1.402(4) A] and this difference is ascribed to the exo-anomeric effect. The 

fucopyranoside ring adopts a ‘C, conformation, Q = 0.577(3) A, 8 = 175.5(4Y, and 

4 = 90(4Y, as described by the Cremer and Pople puckering parameters*“. The 

conformation of the methoxy group is gauche*-tram with respect to the sugar ring, 

the C-7-O-l-C-l-O-5 and the C-7-O-l-C-l-C-2 torsion angles being -70.1(4) 

and 166.5(4)“, respectively. The values of the torsion angle of vicinal protons 

obtained by X-ray analysis have been compared with those obtained by NMR 

spectroscopy from 3J,, values through the Altona modification of the Karplus 

equation2’ and from molecular mechanics calculations (MMX) with PCMODEL2’ 

* Anisotropic thermal vibration parameters ui, of the heavy atoms, the coordinates and U,,,, values of 

the H atoms, and lists of F, and F, structure factors have been deposited with, and can be obtained 

from, Elsevier Science Publishers B.V., BBA Data Deposition, P.O. Box 1527. Amsterdam, Nether- 

lands. Reference should be made to No. BBA/DD/533/ Carbohydr. Res., 217-224. 



TABLE IV 

Molecular geometry and hydrogen-bonding network 

0 l--C- I I .307(4) O-S-C- 1 1.3OH(4) 
O-I x1-7 1.412(7) C-l-C-2 1.5?5ti) 
(J-2-c.2 I .322(j) C-C‘-3 I X4(4) 
0-3-C-3 1.41 Ii(‘l) C-3-C-4 1.5216) 
0-4-w 1.41X5) (‘-1-C-S I .5XK5) 
()-.i-c-5 I .344(4) C-5-(‘-6 l.S13(7) 

Anelcs 

O-I-c‘-1-O-S 
C-2-C-l -0-s 
C-2-C. I-0 I 
C-l -C_2_0_2 
C-l -C_2_C_3 

C-3-C-2-0-2 
c-2-c-3-0-3 
C-2-C-3-C-4 
C-4-C-3-0-3 

11X,(2) 
II I .3(2) 
lllX.1(3) 

I I l.7C) 

I IO 4(Z) 
Il’.3(2) 
II I.h(2) 
110.4(1) 

lWS(3) 

(‘-3-C-4-0-4 

c’-?-C-4-(‘-i 

(‘-5-(‘-4-O-4 

(‘-3-(‘-5-O-5 

C-46(‘-5-(‘-6 

(‘-6-C-S-O-S 

(‘-1-O-I-C-7 

C-l -0-s-c-s 

113SN3J 
IOX.l(3J 

I I 1 .X(3) 
lOO.7(3 1 
110.0(5) 

ll)h.O(3) 

I lW43 

Il3.7(.3) 

Endocyclic 

O-j-~-]-C-2-C-3 

c-1 _~-2_~_3-c‘_4 

c‘_2_C_J_(‘_4-C.j 

c‘-3-C-4-C-S-O-j 

<‘-4-C-5-0-5-C-I 

<‘-5-0.j-(‘-1-C-2 

Exocyclic 

- j3.5(3) ~-]_~_~-~_~-)_2 ~ j5.0(3) 

53.5(4) 0-3-C-7-C-3-0-3 --50.1(4) 

- jP!(4) 03-(‘-3-(J-3-0-3 ~ 55.-t(l) 

jO.3(4) 0-4-C-4-(‘-.5-(‘-6 53.X(5 1 
- 62.414) C’-6-(‘-j-o-s--C~l I74.0(3) 

SS.H(1-1 c’-(,-c-i-+-(‘-3 17X.W) 

c’-7-0-1-C-I -0-5 -71).1(a) 
c’_7-0.1 _c_ , _c_2 Ihh.i(J) 

D-H. A D A (.i, D-H (A, H. ‘. A 6, <I: (D-11 A) (9 

0.!_f,__Oj.. .0_2 ‘J 2.X01(3) 0.81(7) 2.06(h) 15x6) 

0-2-H-W O-3 u 2.761(j) 0.X1(7) l.OO(7) 16(X6) 

O-3-11-03 o-4 ” 2.X3.5(5) 0.7x7) 2.12(X) I (1 I ( h ) 

Symmetry code: 0 -I*. +y+1/2. -:+I.” .-.\-+I, +y-I,/?, -:+I. 

(Table V). The values obtained from different methodologies compare very well, 

suggesting that methyl Lu-I.-fucopyranoside adopts similar conformations both in 

the solid state and in solution. The crystal packing projected along the m axis is 

TABLE v 

Torsion angles (“1 between fucopyranosidic vicinal protons derived from the NMR experiment (D,O), 

the crystal structure, and molecular mechanics calculations (MMX) 

An@\ ‘II NMR X-ray 
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Fig. 3. Packing diagram viewed along a. 

shown in Fig. 3. The net of hydrogen bonds involve all the hydroxyl groups which 

act both as donors and acceptors (Table IV). A stable arrangement is achieved 

through a two-fold screw axis operation parallel to the crystallographic axis b, 

which produces a “molecular chain”. The chain-chain non-bonded interactions 
are dominated by Van der Waals contacts involving the CH, and OCH, groups. 
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