
Carbohydrate Research, 226 (1992) cl<:5 
Elsevier Science Publishers B.V., Amsterdam 

cl 

Preliminary communication 

Conformational analysis of 6-deoxy-6-fluoro-D-glucopyra- 
nose, 6-deoxy-6-fluoro-D-galactopyranose, and 4-deoxy-4- 
fluoro-D-glucopyranose in solution by ‘H-n.m.r. 
spectroscopy 

Raymond J. Abraham*, Eric J. Chambers, 
School of Chemistry, University of Liverpool, P. 0. Box 147, Liverpool M9 3BX (Great Britain) 

and W. Anthony Thomas 
Roche Products Limited, P.O. Box 8, Welwyn Garden City, Hertfordshire. AL73AY (Great Britain) 

(Received November 12th, 1991; accepted December 7th, 1991) 

The replacement of a hydroxyl group by fluorine in carbohydrates and carbo- 
hydrate-containing molecules modifies their chemistry and may affect recognition in 
biological processes. Although there has been extensive research’ into the synthesis, 
biological testing, and conformational analysis of fluorinated carbohydrates, the rela- 
tionship between conformation and biological activity is little understood. For instance, 
the role that hydrogen bonding plays in these compounds in solution is still unclear. The 
difference in hydrogen-bonding capability, where a hydroxyl group can be both a donor 
and an acceptor, whereas a fluorine substituent can act only as a weak acceptor, is 
significant in the solid phase’. X-Ray crystallography3 showed O-6 to be antiperiplanar 
to H-5 in methyl 4-deoxy-4-fluoro-a-D-glucopyranoside, and antiperiplanar to C-4 in 
methyl a-D-glucopyranoside. The hydrogen-bonding pattern is different in these com- 
pounds in their crystalline state, but not necessarily so in solution. 

We now report on the C-5-C-6 rotamer populations of 4-deoxy-4-fluoro-D- 
glucopyranose (4FGlc), 6-deoxy-6-fluoro-D-glucopyranose (6FGlc), and (6-deoxy-6- 
fluoro-D-galactopyranose (6FGal) based on ‘H-n.m.r. 55,6 data for solutions in D,O and 
either acetone-d, or Me,SO-d,. 

In earlier work4 on 19F- and ‘H-n.m.r. spectroscopy of solutions of the tetra- 
acetates of 6FGlc in chloroform, no rotamer populations were reported, but rotamer 
ggt was thought to be preferred, in accord with the preferred conformer of 5-fluoro-1,3- 
dioxane. Other work on 6FGlc in aqueous solution’ involved a first-order, approximate 
analysis of the second-order ‘H-n.m.r. spectrum, the limitations of which have been 

* Author for correspondence. 
+ Several nomenclatures for staggered rotamers are to be found in the literature (see ref. 16), but they have all 
been converted into that now in 1-3. The first letter refers to the torsional angle 0-5C-5-c-6X-6 (X = F or 
OH) and the second refers to C-&C-5-C&X-6. 
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discussed6. 
We believe that this is the first reported analysis of the ‘H-n.m.r. spectra of 6FGal 

and 4FGlc. The second-order CH-CH,X (X = OH or F) spin system has been analysed 
using the LAOCOON’ or PANIC85 l8 programs and the results are given in Table I. The 
probable errors are < f 0.1 Hz for6 and J. The r.m.s. error estimation is < 0.1 Hz for all 
but one of the iterative calculations. The prochiral protons, H-6a and H-6b are assigned 
following the procedure of Nishida ef a1.9. The relative magnitude of J5,& and JSbb and 
nor thes values form the basis of the assignment, and the smaller coupling is assigned to 
J 5,6b’ 

TABLE I 

3JH,H and 3JH.F value& associated with the C-5-C-6 bond in 6FGlc, 6FGa1, and 4FGlc”.* 

J 5.60 J 5,6/l H-6a H-66 R.m.s. error for 
iterative calculation 

J 3.6 

6FGlc 
D,O 
Me,SO” 
6FGaF 

W 
Me,SO 
4FGlc’ 

W’ 
Acetone 

3.60 1.77 1900.99 1864.70 0.012 29.0 
4.8 1 1.47 1125.30 1119.67 0.049 27.7 

7.78 3.49 1849.81 1866.82 0.025 16.6 
7.66 3.79 1765.80 1810.31 0.057 16.0 

5.1 2.1 1522.02 1636.20 0.255 _ 

4.76 2.24 1464.56 1498.26 0.061 _ 

’ For the a-pyranose form. ‘In Hz and obtained from 400-MHz spectra unless indicated otherwise. ’ Bruker 
AM-400 spectrometer. dBruker WM250 spectrometer. ’ Bruker AMX-400 spectrometer. 

There are three non-equivalent rotamers for each compound as illustrated for 
6FGlc (l-3). Thus, in order to ascertain the rotamer populations from the observed 
couplings, it is necessary to estimate the absolute couplings. The values used for 6FGlc 
and 6FGal are given in Table II and were obtained using the method of Abraham et al. ‘O. 

Three sets of known”-‘3 rotamer couplings were used for 4FGlc, also cited in Table II. 
The rotamer populations, P,, PBt, and P,, which are the mole fractions (%) and are 
recorded in Table III, were obtained using,standard equations14. For comparison, 
values for methyl a-D-glucopyranoside and methyl a-D-galactopyranoside are also 
given in Table III, together with energies relative to that of the most stable of the three 
staggered rotamers of each compound. 

K6b 
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TABLE II 

3JH,H values for the rotamers about the C-SC-6 bond in 4FGlc and 6FGlc/6FGal 

4FGlc 
Method I (ref. 11) 
J 5.h 
J 5,&l 
Method 2 (ref. 12) 
J 5.f-a 
J 5.s.b 
Method 3 (ref. 13) 
J 5,f-a 
J 5,6b 
6FGl&FGal 
Method 4 (ref. 10) 
J 

5.b 
J 5,6b 

5.0 
10.7 

5.8 
11.7 

3.8 
10.6 

5.4 - 

10.0 

0.9 
0.9 

1.3 
1.3 

10.7 
2.8 

11.5 
2.7 

1.4 10.5 
2.3 2.6 

0.2 
1.7 

10.0 
3.5 

TABLE III 

Rotamer populations (%) and relative energies of the three staggered rotamers about the C-5-c-6 bond in 
6FGlc, 6FGal,4FGlc, and their non-fluorinated analogues” 

Rotmerpopulations (%) Relative energy (kcalhnol) 

pllt pa, p, gt gg tg 

6FGlc 
W 42 
Me,SO 5 
6FGal 
W 76 
Me,SO 74 
4FGlc 
W 41 
Acetone 36 
Methyl a-D-glucopyranoside” 
JW 38 
Me,SO 47 
Methyl Ci-D-galaCiOpyra?IOSide” 
W 47 

66 -8 0.3 0 >2 
58 -15 0.01 0 >2 

19 5 0 0.8 1.6 
16 11 0 0.9 1.1 

59 1 
62 2 

0.2 
0.3 

0.2 
0.1 

0 
0 

>2 
>2 

57 
53 

5 
0 

0 

0 
1.4 

>2 

14 39 0 0.7 0.1 

a Unless indicated otherwise, calculated using the data of Table I. 

Assisted by 2D homocorrelated experiments (COSY) and ‘H-n.m.r. difference 

spectra, it was possible to analyse the a- and &pyranose forms for each sugaP. 

Crystalline 6FGlc and 6FGal exist as a-pyranose forms, whereas 4FGlc exists as the 

p-pyranose form. On dissolution, 6FGlc and 4FGlc mutarotated to give a mixture of the 
u- and Bpyranose forms, but 6FGal yielded a mixture of a- and p-pyranose and 

furanose forms at equilibrium. 
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The rotamer tg is particularly disfavoured for each sugar: 6FGlc P, > Pgt g P,, 
6FGal P,, B P, > Ptg, and 4FGlc P,, > P@ B P,. These trends were found for solutions 
in Me,SO and H,O and are independentI of the configuration at C-l. For methyl 
a-D-glucopyranoside, the trend P,, > P, @ Ptp, identical to those of 6FGlc and 4FGlc, 
has been reported,. For methyl a-D-galactopyranoside, the trend P,, > P,, g P,, has 
been reportedg, so that, as for 6FGa1, gt is the preferred conformation, whereas gg is the 
least favourable conformation. 

1,3-syn-Diaxial interaction of HO-4,6 has been invoked to account for the 
unfavourable rotamers tg in D-glucopyranose and gg in D-galactopyranose. This inter- 
action has been observed in crystallography studiesI of cyclic and acyclic carbo- 
hydrates, but it is uncertain whether it is steric or dipolar in nature. It is similar to the 
steric interaction of 1,3-diaxial groups in cyclohexane structures, although modified in 
cyclohexane-cis-1,3-dial” by OH...0 hydrogen bonding. JeffreyI noted that the tg 
rotamer in the 4c,-D-ghco and the gg rotamer in the 4C,-D-galucto configurations are 
observed only where they are stabilised by intramolecular hydrogen bonding, as also 
concluded’8 for a solution of 1,5-anhydro-2,3-dideoxy-D-erythro-hexitol in the non- 
hydrogen bonding solvent 1,2-dichloroethane. 

The unfavourability of the rotamer tg suggests the absence of any intramolecular 
hydrogen bonding involving the 4,6+.ubstituents in 6FGlc, 6FGa1, and 4FGlc. This 
situation is not surprising, since OH...F hydrogen bonding does not occur in solutions 
of 2-fluoroethanol’g. The early work of Evelyn and Hall4 on solutions in chloroform 
(poor hydrogen-bond donor) gave J5,6a and J5,6b values of 4.2 and 2.8 Hz, respectively, 
for the tetra-acetate of p-6FGlc, which suggest that the rotamer populations in CHCl, 
do differ significantly from those obtained here. These data correspond to 55% gg, 41% 
gt, and 4% tg, cf (Table III) approximately 60% gg and 40% gt for a solution of 
a-6FGlc in water. Presumably, then, intramolecular hydrogen bonding plays little part 
in determining the conformation about C-5-C-6 in the tetra-acetate. 

For solutions in Me,SO, substitution of OH by F at C-6 (+ 6FGlc) leaves the 
distribution of rotamer populations unchanged. Since neither Me,SO nor the CH,F 
moiety are hydrogen-bond donors, intermolecular solvent-solute hydrogen bonding 
can play no part in determining the conformation about the C-5-C-6 bond in 6FGlc or 
methyl @-D-glucopyranoside. 

The rotamer gt is more favourable than tg for 6FGal (76% uersus 5% in H,O, 
74% versus 11% in Me,SO) presumably because of a favourable interaction of F and 
O-5. For the CH(OH)CH,F moiety of 2-fluoro-1-(4-bromophenyl)ethanol in a solution 
in acetone”, we found 66% gt, 24% gg, and 10% tg, where the gt rotamer has the F 
gauche to OH. This finding reinforces the notion of a favourable interaction of the C-F 
and C-5-O bonds in 6FGa1, the so-called gauche-effect”. The overall attractive interac- 
tion of small electronegative atoms, particularly F and 0, in cyclic and acyclic com- 
pounds has been observed in many compounds **. The fact that substitution of HO-6 by 
fluorine leaves the distribution of rotamers unchanged in D-glucopyranose, and the 
value of P,, remains small for D-galactopyranose, is consistent with the notion that there 
is a 1,3-syn-diaxial interaction of HO-4 and F-6. Since the fluorine atom has approxi- 
mately the same steric volume as hydrogen, this repulsion is probably dipole oriented. 



PRELIMINARY COMMUNICATION C5 

ACKNOWLEDGMENTS 

We thank Mr. I. W. A. Whitcombe for assistance with some of the n.m.r. 
experiments, and the S.E.R.C. and Roche Products for a CASE studentship (to E.J.C.). 

REFERENCES 

1 T. Tsuchiya, Adu. Carbohydr. Chem. Biochem., 48 (1990) 91-277; N. F. Taylor (Ed.), ACS. Symp. Ser., 
374 (1988) l-206. 

2 P. Murray-Rust, W. C. Stallings, C. T. Monti, R. K. Preston, and J. P. Glusker, J. Am. Chem. Sot., 105 
(1983) 32063214. 

3 A. A. E. Pen&s, Adv. Carbohydr. Chem. Biochem., 38 (1981) 195-285. 
4 L. Evelyn and L. D. Hall, Carbohydr. Rex, 47 (1976) 285297. 
5 A. De Bruyn, M. Anteunis, G. Aerts, and C. K. be Bruyn, Acta Cienc. Ind., 4 (1978) 103-108. 
6 B. Coxon, Adv. Carbohydr. Chem. Biochem., 27 (1972) 7-83. 
7 R. J. Abraham, Analysis of High Resolution NMR Spectra, Elsevier, Amsterdam, 1971, Chp. 5. 
8 Bruker NMR software, version for ASPECT 3000. 
9 Y. Nishida, H. Ohrui, and H. Meguro, Tetrahedron L&t., 25 (1984) 1575-1578. 

10 R. J. Abraham, J. Fisher, and P. Loftus, Introduction to NMR Spectroscopy, Wiley, 1988, pp. 4246. 
11 C. A. G. Haasnoot, F. M. deLeeuw, and C. Altona, Tetrahedron, 36 (1980) 2783-2792. 
12 C. Altona and C. A. G. Haasnoot, Org. Magn. Reson., 13 (1980) 417429. 
13 C. A. G. Haasnoot, F. A. A. M. deleeuw, H. P. M. deLeeuw, and C. Altona, Reel. Trav. Chim. Pays-Bas, 

98 (1979) 576577. 
14 R. J. Abraham and G. Gatti, J. Chem. Sot., B, (1969) 961-968. 
15 R. J. Abraham, E. J. Chambers, and W. A. Thomas, unpublished results. 
16 G. A. Jeffrey, Acta Crystallogr., Sect. B, 46 (1990) 89-103. 
17 H. Finegold and H. Kwart, J. Org. Chem., 27 (1962) 2361-2365. 
18 R. U. Lemieux and J. C. Martin, Carbohydr. Res., 13 (1970) 139-161. 
19 R. J. Abraham and J. R. Monasterios, Org. Magn. Reson., 5 (1973) 305-310. 
20 R. J. Abraham, E. J. Chambers, and W. A. Thomas, unpublished results. 
21 R. J. Abraham and R. Stolevik, Chem. Phys. L.ett., 77 (1981) 181-185; N. S. Zefirov, V. V. Samoshin, 0. 

A. Subbotin, V. I. Baranenkov, and S. Wolfe, Tetrahedron, 34 (1978) 2953-2959; A. J. Kirby, The 
Anomeric Effect and Related Stereoelectronic Effects at Oxygen, Springer, New York, 1983. 

22 R. J. Abraham and R. Stolevik, Chem. Phys. Lett., 77 (1981) 181-185; L. D. Hall and R. N. Johnson, 
Org. Magn. Resort., 4 (1972) 369-376. 


