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ABSTRACT

Single crystals of benzyl 3,4-anhydro-2-O-mesyl-6-O-trityl-a-D-altropyranoside (1) were tetragonal,
space group P4,, with cell dimensions a = 16.393(3), b = 16.393(2), ¢ = 11.952(2) A, Z = 4. The
3,4-anhydropyranose ring adopts a half-chair (' H,) conformation. The conformations of 3,4-anhydro-a-p-
hexopyranosides with the allo, altro, galacto, and talo configurations are discussed.

INTRODUCTION

Carbohydrate oxiranes undergo a variety of useful reactions and, in general, the
stereochemistry of the cleavage of 2,3- and 3,4-anhydropyranosides can be predicted’.
However, some sugar epoxides, especially 3,4-anhydropyranosides, undergo ‘“‘abnor-
mal” reactions® because of conformational factors. For this reason, the conformational
analysis of sugar epoxides has received considerable attention. N.m.r. studies of aldopy-
ranose epoxides*'* have indicated half-chair conformations, but X-ray investigations'
of 2,3-anhydro-4-deoxyhexopyranosides revealed a slightly distorted sofa conforma-
tion for the a-ribo epoxide and a half-chair conformation for the /yxo isomer.

In the 3,4-anhydro-e-D-hexopyranoside series, distorted sofa (E) conformations
were assigned to the allo (2)'® and talo (4)"" isomers, whereas the galacto (3) isomer
adopts an almost ideal half-chair (H) conformation'®.

We now report X-ray data for benzyl 3,4-anhydro-2-0-mesyl-6-O-trityl-a-D-
altropyranoside (1). The conformational equilibria of 1-4 have also been interpreted in
terms of steric and polar interactions of the oxirane ring and the other substituents on
the pyranoid ring.

EXPERIMENTAL

General methods. — T.l.c. was performed on Silica Gel G (Merck) and column
chromatography on silica gel (40—63 um, Merck). 'H-n.m.r. spectra were recorded with
a Bruker AM-500 (500 MHz) spectrometer for solutions in CDCIl, and C,D (internal

* To whom correspondence should be addressed.

0008-6215/92/805.00 © 1992 — Elsevier Science Publishers B.V. All rights reserved.
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Me,Si). The optical rotation was measured with a Perkin—Elmer 141 automatic pola-
rimeter.

Compound 1, prepared as described'®, had m.p. 83-84° (from ether-acetone), [}y’
+38° (¢ 0.5, chloroform); v 1365 and 1176 cm™' (OMs). 'H-N.m.r. data (CDCl,). &
7.25-7.45 (m, 20 H, 4 Ph), 599 (d, 1 H, J,, 4.44 Hz, H-2), 4.74 (d,1 H, J 11.93 Hz,
PhCH),4.67(d, 1 H,H-1),4.42(d, 1 H,PhCH), 4.26 (t, 1 H, J,,, 4.56 Hz, H-5), 3.53(d, 1
H, J,,0.0,J,,3.75 Hz, H-3), 3.47(dd, 1 H, H-6a), 3.46 (dd, 1 H, J; 4, 4.76, J, ¢, 12.78 Hz,
H-6b), 3.26 (d, 1 H, J, 0.0 Hz, H-4), 2.96 (s, 3 H, Ms); (CDg) d: 7.07-7.47 (m, 20 H, 4
Ph), 5.12 (d, 1 H, J,, 4.50, J,, 0.0 Hz, H-2), 477 (d,1 H, H-1), 4.61 (d, J 11.96 Hz,
PhCH), 4.23 (d, J11.95 Hz, PhCH), 4.03 (t, J; ,, 4.26 Hz, H-5),3.35(d, 1 H, J, , 3.88 Hz,
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H-3),3.26 (dd, | H, J,4, 6.98 Hz, H-6a), 3.21 (dd, 1 H, J,, ;, 10.31 Hz, H-6b), 2.81 (d, J,
0.0 Hz, H-4), 2.15 (s, 3 H, Ms).

Anal. Calc. for C,,H;,0,S: C, 69.22; H, 5.63; S, 5.60. Found: C, 69.13; H, 5.97; S,
5.29.

X-Ray diffractometry. — A colourless crystal of 1 (0.42 x 0.21 x 0.19 mm) was
obtained from ethyl ether-acetone. The reflection intensities were collected on an
Enraf-Nonius CAD-4 diffractometer, using graphite-monochromated Cu-K, radiation
(1. 54178 A). The cell constants were obtained from a least-squares refinement on the
setting angles of 25 reflections. The data were collected with the «»/26 scan technique up
to 260, = 153°

Crystal data: C,,;H,,0,S. M, = 572.65, tetragonal, space group P4,,a = 16.393
(3), b = 16.393(2), c = 11.952(2) A, ¥ = 3211.9(9) A%, Z = 4, F(000) = 572, D =119
gem™?, y(Cu-K) = 1.65 mm™".

A total of 3854 reflections were collected, of which 2825 were unique; 2670
reflections were found to be I > 2a(J). Lorentz and polarisation corrections were
applied to the data. No absorption correction was applied at the measurement stage.

The phase problem was solved by direct methods (program SHELXS-86%) in the
P4, space group. A total of 41 atoms were found in an E-map giving the expected D
enantiomorph. Initially, the positional parameters and individual isotropic temperature
factors of all non-hydrogen atoms were refined to R = 0.127 (program SHELX-76*).
At this stage, an empirical surface-absorption correction (program DIFABS%) was
performed. For 2670 reflections, the minimum, maximum, and average corrections
were 0.587, 1.470, and 0.979, respectively.

The positions of the hydrogen atoms bonded to carbon atoms were generated
from assumed geometries, and added with isotropic temperature factors to the set of
atomic parameters. The refinement of the atomic positional and thermal anisotropic
parameters (isotropic for H) was performed by the least-squares, full-matrix procedure
using SHELX-76. The final R was 0.0594, with R, = 0.0547, w = 1.58/0°(F). The
highest peak in the final difference map was 0.22 e/A’. A relatively high thermal
parameter for some atoms (sulfone oxygens, O-7 and O-8, and aromatic carbons C-31
and C-32) may be due to some vibrations of remote atomic groups at the ends of side
chains in the molecule.

The refined positional parameters for the non-H atoms of 1, together with their
B, values, are given in Table I*.

RESULTS AND DISCUSSION

Fig. 1 presents the stereo-view of 1 with the crystallographic numbering of the
atoms, and Table II contains the calculated bond lengths and valence angles.

* Lists of structure factors, hydrogen co-ordinates, and anisotropic thermal parameters have been deposited
with, and can be obtained from, Elsevier Science Publishers B.V., BBA Data Deposition, P. O. Box 1527,
Amsterdam, The Netherlands. Reference should be made to No. BBA/DD/484/Carbohydr. Res., 225 (1992)
1-9.
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Fig. 1. A stereo-view of 1 with crystallographic numbering of atoms.

Conformations of 3,4-anhydropyranose rings. — Conformational analysis of the
3,4-anhydropyranose ring in 1, based on calculation of puckering® and asymmetry*
parameters (see Table I1]) and torsion angles (Table IV), suggest a ““pure’ half-chair 'H,
conformation with BnQO-1 equatorial and CH,OTr-5 pseudo-axial (pax).

This conformation strongly resembles that of methyl 3 4-anhydro-a-D-arabino-
pyranoside, assigned by Buchanan et al® from 'H-n.m.r. data (/,, 6.8 Hz) as °H,.
Indeed, the chemical shifts and the vicinal coupling constants (in relation to the oxirane
ring), calculated on the basis of the modified Karplus equation, are similar for 3,4-
epoxides with arabino and altro configurations, indicating the same conformation’.
However, it must be emphasised that the calculated coupling constants of the 3,4-
epoxide ring protons with the neighbouring protons, i.e. H-2 and H-5 which depend on
the dihedral angle, have the same values (~ 0 Hz) for both half-chair conformers (°H,
and 'H) of 1. Therefore, the preponderant conformation of 1 may be deduced only
from the J, , value which would be expected to be low for the ' H, conformer (/,,,,,...) and
much larger for the °H, conformer (J,, ,,,.)- These calculated coupling constants, based
on a purely theoretical model, may have only a qualitative value. In contrast, single-
crystal X-ray analysis indicates the exact location of all of the non-hydrogen atoms and
the precise conformation of the ring.



TABLE I

Non-hydrogen bond lengths (A) and angles (°)

J. W. KRAJEWSKI et al.

Bond Distance Bond Distance
C-2-C-1 1.492(8) C-27-0-1 1.425(8)
0-5-C-1 1.428(6) 0-7-8-2 1.405(8)
0-1-C-1 1.384(7) 0-8-8-2 1.410(7)
C-3-C-2 1.496(8) C-7-8-2 1.689(9)
0-2-C-2 1.454(6) 0-6-C-6 1.428(6)
C-4-C-3 1.455(10) C-8-0-6 1.450(7)
0-3-C-3 1.424(8) C-9-C-8 1.515(7)
C-5-C4 1.515(8) C-15-C-8 1.537(8)
0-3-C-4 1.441(8) C-21-C-8 1.547(7)
0-5-C-5 1.435(7) C-28-C-27 1.486(11)
C-6-C-5 ‘ 1.523(8)

Averaged bond lengths in phenyl rings are 1.383(9) A.

Bonds Angle Bonds Angle
C-1-C-2-C-3 111.7(5) 0-7-C-27-C-28 111.3(7)
C-1-C-2-0-2 105.7(4) 0-7-8-2-0-8 120.1(5)
C-2-C-1-0-5 107.3(4) 0-7-8-2-C-7 108.0(4)
C-2-C-1-0-1 110.6(5) 0-2-8-2-C-7 111.6(4)
C-1-0-5-C-5 115.0(4) C-6-0-6-C-8 117.6(4)
0-5-C-1-0-1 106.5(4) 0-6-C-8-C9 109.1(4)
C-1-0-1-C-27 111.1(5) 0-6-C-8-C-15 110.4(4)
C-2-C-3-C-4 121.8(5) 0-6-C-8-C-21 103.4(4)
C-2-C-3-0-3 116.1(5) C-8-C-9-C-10 123.3(5)
C-3-C-2-0-2 109.7¢5) C-8-C9-C-14 119.7(4)
C-3-C-4-C-5 118.0(5) C-9-C-8-C-15 113.9(4)
C-3-C-4-0-3 58.9(4) C-9-C-8-C-21 111.7(4)
C-4-C-3-0-3 60.1(4) C-8-C-15-C-16 122.7(5)
C-3-0-3-C-+4 61.0(4) C-8-C-15-C-20 118.9(5)
C-4-C-5-0-5 109.8(5) C-15-C-8-C-21 107.9(4)
C-4-C-5-C-6 112.6(5) C-8-C-21-C-22 121.9(5)
C-5-C-4-0-3 115.3(5) C-8-C-21-C-26 118.9(5)
0-5-C-5-C-6 113.94) C-27-C-28-C-29 125.4(8)
C-5-C-6-0-6 106.7(4) C-27-C-28-C-33 116.4(9)

Averaged bond angles in phenyl rings are 120.1(8)°

The observed relatively low J, , value (4.46 Hz) for 1 suggests significant contribu-
tions of both °H, and 'H, conformers, whereas the X-ray data (Table III) established a
“pure” 'H_form. Although different physical states are involved, the molecule usually

adopts the same conformation in the crystal and in solution.

The preference for the 'H, conformer of 1 is probably due to the steric and
electrostatic repulsions of the axial MeO-1 and the oxirane oxygen, which destabilise the
°H| conformer, Moreover, the pseudo-axial (pax) polar MsO-2 group may disfavour the
°H, conformation®. These factors outweigh the anomeric effect and force 1 to adopt the
'H, conformation. On the other hand, the Reeves A? effect of the pseudo-equatorial
(req) MsO-2 and equatorial BnO-1 in close proximity (Table V), as well as the dipolar
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TABLE III

Conformational parameters of 3,4-anhydropyranose rings for 1-4

1 2 3 4
Puckering parameters
QA) 0.513 0.450 0.501 0.461
e(® 329.5 346.7 336.8 316.9
6 50.4 48.7 504 50.7
7, (A) 0.395 0.338 0.386 0.357
Endocyclic torsion angles (degrees)
C-1-C-2 - 48.0 -50.0 -51.0 -39.0
C-2-C-3 16.1 23.3 19.0 9.0
C-3-C-4 -0.2 -34 -0.6 -09
C4C-5 17.0 10.1 13.6 219
C-5-0-5 -54.7 -412 -49.1 -54.2
0-5-C-1 72.3 61.5 69.5 64.2
Deviations from least-squares planes (A4 )

4-atom S-atom 4-atom S5-atom
0-5 -0.392 — -0.304 -0.602
C-1 0.381 0.644 0.449 —
0O-1 -0.029 —2.035 -1.819 -1.428
0-2 1.002 -0.760 -0.902 1.361
0-3 -1.197 —-1.140 1.208 1.147
Asymmetry parameters (degrees)
AC, 438 11.2 4.1 14.0
AC, — 12.9 — 124
Conformation 'H, 'E +'H, 'H, E, + 'H,
TABLE IV
Selected torsion angles (°) for 1
Bonds Angle Bonds Angle
C-3-C-2-C-1-0-5 —48.0(6) 0-5-C-5-C4-C-3 17.0(7)
0-2-C-2-C-1-0-5 - 167.34) C-6-C-5-C-4-C-3 - 111.0(6)
C-3-C-2-C-1-0-1 - 163.8(5) 0-5-C-5-C-4-0-3 —49.7(6)
0-2-C-2-C-1-0-1 76.9(5) C-6-C-5-C-4-0-3 -177.7(5)
C-5-0-5-C-1-C-2 72.3(6) C-3-0-3-C-4-C-5 108.7(6)
C-5-0-5-C-1-0-1 -169.3(9) C-1-0-5-C-5-C-4 —54.7(6)
C-27-0-1-C-1-C-2 —169.5(4) C-1-0-5-C-5-C-6 72.6(5)
C-27-0-1-C-1-0-5 74.3(5) 0-6-C-6-C-5-C-4 41.4(6)
C-4-C-3-C-2-C-1 16.1(8) 0-6-C-6-C-5-0-5 —84.4(5)
0-3-C-3-C-2-C-1 85.7(6) C-28-C-27-0-1-C-1 —169.2(5)
C-4-C-3-C-2-0-2 133.0(6) C-8-0-6-C-6-C-5 171.8(4)
0-3-C-3-C-2-0-2 - 157.5(5) C-9-C-8-0-6-C-6 -61.2(6)
C-5-C-4-C-3-C-2 -0.2(7) C-15-C-8-0-6-C-6 64.6(5)
0-3-C-4-C-3-C-2 103.9(7) C-21-C-8-0-6-C-6 179.8(4)
C-5-C-4-C-3-0-3 —104.2(6) C-10-C-9-C-8-0-6 85.8(7)
C-4-0-3-C-3-C-2 - 113.3(6) C-14-C-9-C-8-0-6 —88.9(6)
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TABLE V

Selected non-bonding distances (A) between oxygen atoms in 1-4

Molecule 0-1-0-2 0-1-0-3 0-2-0-3 0-2-0-5 0-3-0-5
1 291 4.31 3.68 3.59 2.84
2 2.90 290 3.16 3.64 3.19
3 4.02 4.02 3.67 3.62 2.92
4 4.08 4.08 2.82 3.02 2.86

interactions of the epoxide and pyranoid oxygens and the lack of the anomeric efect in
the ' H, conformer, could influence the stability of 1, which is reflected in its reactions
with nucleophiles'**?",

That 1,3-stereoelectronic interactions are the major factor that govern the confor-
mations of the 3,4-anhydropyranosides is supported by the data for the allo isomer 2
where the °H, conformation is disfavoured and a slightly distorted sofa (E) conforma-
tion was found'® (Table III). This “new” hybrid conformation may be explained by the
destabilising polar interactions of three oxygen atoms (oxirane, pyranoid, and
HO-2pax) in the other 'H_ conformation (see formulae).

An E conformation is strongly preferred over the °H,conformation in the a-talo
isomer 4 (Table I1I) despite the stabilising anomeric effect and the lack of 1,3-diaxial
interactions, Evidently, steric and electrostatic interactions between the dipoles associ-
ated with the oxirane and pyranoid ring oxygen atoms, supported by AcO-2pax in the
°H, conformation, force the molecule into an E conformation.

The most stable “pure” °H, conformation in the series of 3,4-anhydro-o-D-
hexopyranosides is ascribed'® to the galacto isomer 3. This situation may be attributed
to the favourable anomeric effect and the spatial arrangement of AcO-2peq and
CH,0Ac-5peq, which results in the relative long, non-bonded distances between the
oxygen atoms (Table V) and minimises their interactions.

The conclusion to be drawn from the X-ray data is that, in each of the isomeric
epoxides 1-4, the stereoelectronic 1,3-diaxial interactions are the major factor that
govern the conformation.Other polar interactions associated with the oxygen atoms,
i.e. between the oxirane and pyranose oxygens, also cause marked destabilisation. The
vicinal RO-2pax substituent as well as the Reeves effect seem to be more important in
the equilibrium of conformers than the effect produced by CH,OR-5pax.

The additive dipole and pseudo-axial AcO-2 interactions predominate over the
anomeric effect (see 4). In contrast, the anomeric effect plays a dominant stabilising role
only when one dipole interaction is present in the molecule (see 3).

These conclusions are in reasonable accord with those of Williams® on the
conformational analysis of 3,4-anhydropyranosides.



CRYSTAL STRUCTURE OF A 3,4-ANHYDRO SUGAR 9

ACKNOWLEDGMENTS

The research was supported by a grant (CPBP 01.13) from the Polish Academy of

Sciences. The diffractometric measurements were partly financed by a grant (CPBR

3

.20) from the Institute of Physical Chemistry, Polish Academy of Sciences.

REFERENCES

—

LYWWV E W

1 J. G. Buchanan and H. Z. Sable, in B. S. Thyagarajan (Ed.), Selective Organic Transformations, Vol. 2.
Wiley, New York, 1972, pp. 1-95.

N. R. Williams, Adv. Carbohydr. Chem. Biochem., 25 (1970) 109-179.

J. G. Buchanan, R. Fletcher, K. Parry, and W. A. Thomas, J. Chem. Soc., 13 (1969) 377-385.

R. U. Lemicux, K. A. Watanabe, and A. A. Pavia, Can. J. Chem., 47 (1969) 4413-4426.

A. Konowal, A. Zamojski, M. Masojidkova, and J. Kohoutova, Rocz. Chem., 44 (1970) 1741-1750.
M. Chmielewski and A. Zamojski, Rocz. Chem., 46 (1972) 1767-1776.

A. Banaszek, Bull. Acad. Pol. Sci., Ser. Sci. Chim., 20 (1972) 935-943.

N.R.Easton, Jr., F. A. L. Anet, P. A. Burms, and C. S. Foote, J. Am. Chem. Soc., 96 (1974) 3945-3968.
K. L. Servis, E. A. Noe, N. R. Easton, Jr., and F. A. L. Anet, J. Am. Chem. Soc.,.96 (1974) 4185-4197.
D.R.Paulson, F. Y. N. Tang, G. F. Noran, A. S. Murray, B. P. Pelka, and E. M. Vasques, J. Org. Chem.,
40 (1975) 184-197.

1 S. G. Davies and G. H. Whitham, J. Chem. Soc., Perkin Trans. 2, (1975) 861-879

12 M. Chmielewski, J. Mieczkowski, W. Priebe, A. Zamojski, and H. Achmatowicz, Tetrahedron, 34 (1978)

1

3325-3330.
3 K. S.Kim, D. M. Vyas, and W. A, Szarek, Carbohydr. Res., 72 (1979) 25-33.

14 M. M. Abdel-Malik, Q.-J. Peng, and A. S. Perlin, Carbohydr. Res., 159 (1987) 11-23.

1

5 J. W. Krajewski, P. Gluzinski, A. Banaszek, L. Parkanyi, and A. Kalman, Carbohydr. Res., 144 (1985)
13-22.

16 J. W. Krajewski, P. Gluzinski, and A. Banaszek, Carbohydr. Res., 203 (1990) 195-203.

17 J. W. Krajewski P. Gluziniski, and A. Banaszek, Carbohydr. Res., 173 (1988) 145-149.

18 J. W. Krajewski, P, Gluzifiski, and A. Banaszek,Carbohydr. Res., 166 (1987) 13-18.

19 K. Tatsuta, Y. Koguhi, and M. Kase, Bull. Chem. Soc. Jpn., 61 (1988) 2525-2530.

20 G. M. Sheldrick, in G. M. Sheldrick, C. Kriiger, and R. Goddard (Eds.), Crystallographic Computing 3,

2

Oxford University Press, 1985, pp. 175-189.
G. M. Sheldrick, SHELX-76. Program for Crystal Structure Determination and Refinement, University
of Cambridge (England), 1976; 400-atomic Version (Ch. Weizman Institute of Science, Rehovot, Israel,
1979); implemented on IBM PC/AT (1987).

—

22 N. Walker and D. Stuart, Acta Crystallogr., Sect. A, 39 (1983) 158-169.

2

3 D. Cremer and J. A. Pople, J. Am. Chem. Soc., 97 (1975) 1354-1358.

24 W. L. Duax, C. M. Weeks, and D. C. Rohrer, Top. Stereochem., 9 (1976) 271-383.

2

5 A. M. Bianucci, G. Catelani, F. Colonna, and L. Monti, Carbohydr. Res., 140 (1985) 144-150.

26 S. A. S. Al Janabi, J. G. Buchanan, and A. R. Edgar, Carbohydr. Res., 35 (1974) 151-161.

2

7 A.Banaszek, Bull. Acad. Pol. Sci., Ser. Sci. Chim., 22 (1974) 79-89.



