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The crystals of the title compound are orthorbombic, space group P2,2,2,, a = 6:193(1), b =
= 6:3734(7), ¢ = 38:553(6) A, Z = 8. The structure was solved by direct methods and refined
to R = 0-035 for 1460 independent reflections. It is composed of two crystallographically
independent but chemically almost identical molecules. The structure is stabilized by hydrogen
bonding characterized by strong participation of the sulfoxide groups. A comparison with the
structure of the thio derivative demonstrates that the exo-sulfoxide oxygen influences very little
the overall conformation of the bicyclic skeleton.

In connection with our previous studies of the reactivity of 1,6-anhydro-B-p-gluco-
pyranose' we were interested in the behaviour of the corresponding 1(6)-thio-
analogue, namely 1,6-anhydro-thio-B-D-glucopyranose. In the latter compound,
the hydroxyl group at C3 might hinder sterically the access to the sulfur atom from
the endo-position and thus enable a stereoselective formation of only one conformer
of the S-oxide having the (S)-configuration. According to the expectation, the title
compound was obtained? in high yield by oxidation of 1,6-anhydro-1(6)-thio-B-D-
-glucopyranose with hydrogen peroxide in acetic acid solution.

EXPERIMENTAL

Attempts to obtain X-ray quality crystals using standard methods suffered from a pronounced
tendency of needle-like crystals to aggregate along the needle axis. Single crystals were eventually
obtained from a solution in aqueous acetone by slow absorption of water vapours into a 4A
molecular sieve in a closed system at room temperature. The density was determined by flotation
in chloroform-benzene mixture. Crystal data, measurement and refinement details are sum-
marized in Table I. The structure was solved by direct methods (SHELXS 86, see ref.®) and
refined anisotropically by full-matrix least squares as implemented in the SDP program package4.
The C-bonded hydrogen atoms were fixed in theoretical positions, the O-bonded ones either as
found from a difference map or in the positions calculated from average parameters of hydrogen
bonding5 (where appropriate); the thermal displacement parameters of all hydrogen atoms
were included in the refinement. No peaks of chemical significance appeared in the final difference
map.
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RESULTS AND DISCUSSION

Fractional coordinates are given in Table IT, bond distances and angles in Table IIL.*

The structure is composed of two crystallographically independent but chemically
almost identical molecules labeled A and B. Figure 1 depicts the perspective view
of molecule A with atom numbering; for molecule B, the first digit of the atom labels

TaABLE I
Crystal data, measurement and refinement details

*

Supplementary material comprising hydrogen atom coordinates, anisotropic thermal

Formula

M.w.

Space group

Cell dimensions (A)

1(A3)

V4

D, D (gcm™
Radiation
Absorption correction

F(000)

Temperature (K)

Crystal dimensions (;mm)

No. of reflections for lattice
parameter determination
Diffractometer

Scan mode

sin @/, (A" 1)

Standard reflections (variation)
Interval h, &,/

%)

No. of reflections measured

No. of symetrically independent
reflections used [ > 36(1)]
Residual electron density (¢ A~ 3)
Function minimized

Weight

Maximal shift-to-error ratio

in final refinement cycle

R, wR, K., S
Source of scattering factors

CeH{(05S

1942

P2,2,2,,No. 19

a = 6-193(1), b = 6-3734(7),
¢ = 38:553(6)

1517(1)

8

1-68, 1-70

MoK,, A = 071073 A
None, u = 0-383 mm ~
816

293(1)

0-21 x 0:07 x 0-07
18 (10° < O < 15°)

1

CADA4

®[(4/36)

0-595

014, 0—14 (0-4%)
(=7,7),{~1,7),
(—45,45)

10 748

1460

0-46, —0-40

Zw(lpol - IFc:l)2
4F2[[a(F2))?

0-03

0-035, 0-040, 0-031, 0-886
ref.*

displacement factors and structure factors is available from the authors upon request.
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TABLE 11

Fractional coordinates (.10*) of non-hydrogen atoms with estimated standard deviations in
parentheses. B, = 4/3(a*By, + b8y, + cBy3)

Atom x/a y/b z/c Beg A?
S11 2770(2) —476(2) 2872:7(3) 2-39(3)
o1l 475(5)  —1278(5)  2864(1) 3:0(1)
012 5698(6) 775(6) 3781-5(9) 3-2(1)
013 7064(5) 1339(6) 2868-5(9) 3-1(D
014 5475(6) 5215(5) 3494(1) 3-1(1)
Ols 2212(5) 2174(4) 3374-5(8) 2-:0(1)
cll 3239(6) 186(5)  3330(1) 1-8(1)
Cl12 5628(6) 364(6) 3420(1) 2-1(1)
Ci13 6742(5) 2091(5) 3209(1) 2:0(1)
Cl4 5342(6) 4077(6) 3188(1) 2-4(2)
Cl15 2979(6) 3506(6) 3108(1) 2:3(2)
Clé 2660(6) 2319(5) 2768(1) 2:8(2)
S21 2641(2) 4910(2) 4823-2(3) 2:21(2)
021 4947(4) 4362(5) 4922-2(9) 2-8(1)
022 —170(5) 1962(6) 4003-4(9) 2:4(1)
023 —1596(6) 6035(6) 4623-8(9) 2:9(1)
024 12(6) 6357(6) 3726-2(9) 3-1(1)
025 3273(5) 4733(6) 4154-8(8) 1-9(1)
c21 2278(6) 3471(6)  4405(1) 2-1(1)
C22 —113(5) 3104(6) 4315(1) 2-0(1)
C23 — 1255(5) 5201(6) 4285(1) 2:2(1)
C24 30(6) 6841(6) 4089(1) 2-5(2)
C25 2413(5) 6802(6) 4197(1) 2-1(1)
C26 2769(6) 7343(6) 4576(1) 2-1(1)

FiG. 1

Perspective view of molecule A with atom
numbering
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TasLE 111

Bond distances (A) and angles for molecules 4 and B (°) with estimated standard deviations
in parentheses for molecules 4 and B. For molecule B, the first digit of the atom labels is 2

Distance Angle
Atoms Atoms ———
A B A B

S11—011 1-511(3) 1-519(3) 0Ol11—S11—Cl11 104-4(2) 102-5(2)
S11—Cl11 1-835(4) 1-868(4) 0O11—S11—C16 106-8(2) 106-6(2)
S11—Cl6 1-828(3) 1-821(4) C11—S11—Cl16 89-7(2) 88-4(2)
012—Cl12 1-421(5) 1-406(5) Cl11--015—Cl15 107-1(2) 106-7(3)
013—Cl13 1-410(5) 1-427(5) S11—-C11—015 104-5(2) 105-0(3)
0O14—Cl14 1-387(5) 1-433(5) S11—Cl11—C12 112-9(2) 112:6(2)
O15—C1! 1-428(4) 1-398(5) 015--C11—C12 109-8(3) 110-9(3)
O15—Cl15 1-416(5) 1-431(5) 012—C12—Cl11 105-5(3) 107-2(3)
Cl11—Cl12 1-524(5) 1-539(5) 012—C12—C13 112-:0(3) 112-3(3)
C12—Cl13 1-532(5) 1-517(5) Cl1—C12—C13 111-7(3) 109-4(3)
C13—C14 1-536(5) 1-516(5) 013—C13--C12 108-2(3) 109-1(3)
C14—Cl15 1-539(5) 1-534(5) 013—C13—C14 108-1(3) 106:1(3)
C15—Cl6 1-526(5) 1-517(5) C12—C13—Cl14 111-4(3) 113-6(3)
014--025 2-906(5) 014—C14—C13 110-6(3) 109-5(3)
015--:022 2:841(5) 014—Cl14—C15 110-5(3) 105-6(3)
013--011” 2:692(5) C13—C14—Cl15 110-6(3) 111-0(3)
023--021” 2:654(5) 015—C15—Cl14 108-4(3) 111-0(3)
015—C15—Cl16 106-5(3) 105-3(3)

C14—Cl15—Cl16 114-4(3) 113-4(3)

S11—C15—Cl16 106-7(2) 107-7(2)

Fic. 2

Superposition of molecules 4 (bold lines)

and B
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is 2. As can be seen from Fig. 2, molecules A and B are very nearly superimposable:
The largest differences between the corresponding parameters is Q-046 A; 49° and
5-9° for bond distances, bond and torsion angles respectively.

The bond distances and angles are all unexceptional. As usual in the 1,6-anhydro-
pyranoses series, the pyranose ring adopts a slightly distorted ' C,(D) chair conforma-
tion. Approximate mirror planes passing through C13 and 915 atoms (C23 and
025 for molecule B) bisect the pyranose rings, resulting in ring-puckering param-
eters® AC, = 1:9° and 3-9° for molecules 4 and B, respectively. Analogous param-
eters’ of the five-membered 1,3-oxathiolane ring (AC,, ¢, = 35-6°, 48-9° and 34-2°,
49-6° for molecules A and B, respectively) demonstrate that the ring has a nearly
ideal envelope conformation with O15 (025) as the out-of plane atom. The oxygen
atom of the sulfoxide group is located in exo-position relative to the pyranose ring
and, somewhat surprisingly, it has little if any effect on the geometry of the bicyclic
skeleton. Comparison with the parent structure of thiolevoglucosan® yields 6-0° as
the largest difference between the corresponding endocyclic torsion angles.

Molecular packing is depicted in Fig. 3. Hydrogen bonds O14---O25 and O15---022
join the symmetrically independent molecules A and B and these pairs are linked
along the a-axis through further two hydrogen bonds involving sulfoxide oxygens,
O13---O11(x + 1,y,z) and 023---O21(x — 1, y, z). The resulting infinite chains
are stacked at van der Waals or longer distances along the c-axis. Taking into account
that the largest differences in geometry between molecules 4 and B are located near

!c

FiG. 3
Unit cell content
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014 and 024, it seems likely that hydrogen bonding requirements are the main
reason for nonequivalence of the two molecules.

xR TN W
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