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The title compound, C6H10O5, has been crystallized for the

first time, allowing the stereochemistry at C-2 and the ring size

of the lactone to be firmly established.

Comment

The Kiliani ascension of ketoses (Hotchkiss et al., 2004;

Soengas et al., 2005) provides ready access to a new class of

branched carbohydrate scaffolds (Lichtenthaler & Peters,

2004; Bols, 1996) with branched carbon chains. Although

saccharinic acids, which are 2-C-methyl aldonic acids, are

formed in very low yields from treatment of aldoses or ketoses

with aqueous calcium hydroxide (Whistler & BeMiller, 1963),

it has been shown that significantly higher yields may be

obtained from the reaction of lime with ketoses (Hotchkiss et

al., 2006) derived from the Amadori rearrangement (Hodge,

1955). d-Galactose reacted with dibenzylamine to form the

Amadori ketose, (2) (Grunnagel & Haas, 1969), in which the

�-configuration at the anomeric position of the pyranose ring

has been proved by X-ray crystallographic analysis (Harding

et al., 2005). Treatment of (2) with aqueous calcium hydroxide

allowed the isolation of a mixture of two epimeric lactones.

The structure of the minor isomer was confirmed as 2-C-

methyl-d-xylono-1,4-lactone, (3), by an X-ray structure of its

3,5-acetonide (Watkin et al., 2005). The major product, 2-C-

methyl-d-lyxono-1,4-lactone, (4), initially isolated as an oil,

slowly crystallized, allowing the relative configuration at C-2

and the ring size of the lyxonolactone to be unambiguously

assigned by X-ray crystallographic analysis.

Racemic lactone (4) has only been obtained as an oil

(Lopez et al., 1984); the enantiomer of (4) has been prepared

in low yield from l-sorbose (Ishizu et al., 1972). The absolute

configuration of (4) was determined from the use of d-galac-

tose (1) as the starting material.
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Experimental

The lactone (4) {m.p. 379–380K, [�]D
23 +70.4 (c 0.87 in acetone)} was

crystallized by dissolving it in acetone and allowing the slow

evaporation of the solvent until colourless block-shaped crystals

formed. The multi-scan technique was used to correct for changes in

the illuminated volume.
Crystal data

C6H10O5

Mr = 162.14
Monoclinic, C2
a = 18.6680 (5) Å
b = 5.8280 (2) Å
c = 6.3943 (2) Å
� = 92.2219 (14)�

V = 695.16 (4) Å3

Z = 4

Dx = 1.549 Mg m�3

Mo K� radiation
Cell parameters from 1011

reflections
� = 5–30�

� = 0.14 mm�1

T = 120 K
Block, colourless
0.70 � 0.60 � 0.50 mm

Data collection

Nonius KappaCCD area-detector
diffractometer

! scans
Absorption correction: multi-scan

(DENZO and SCALEPACK;
Otwinowski & Minor, 1997)
Tmin = 0.92, Tmax = 0.93

1943 measured reflections

1087 independent reflections
1073 reflections with I > 2�(I)
Rint = 0.010
�max = 30.0�

h = �25! 26
k = �7! 8
l = �8! 9

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.024
wR(F 2) = 0.061
S = 1.04
1087 reflections
101 parameters
H-atom parameters constrained

w = 1/[�2(F 2) + (0.03P)2

+ 0.33P]
where P = (Fo

2,0) + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.22 e Å�3

��min = �0.16 e Å�3

Extinction correction: Larson
(1970), equation 22

Extinction coefficient: 4.90 (3)� 102

Table 1
Selected geometric parameters (Å, �).

C1—C2 1.5382 (16)
C1—C5 1.5342 (17)
C1—O10 1.4329 (14)
C1—C11 1.5150 (18)
C2—C3 1.5448 (19)
C2—O9 1.4163 (14)

C3—O4 1.4652 (15)
C3—C7 1.5098 (18)
O4—C5 1.3553 (15)
C5—O6 1.2027 (15)
C7—O8 1.4327 (16)

C2—C1—C5 100.95 (9)
C2—C1—O10 112.80 (9)
C5—C1—O10 107.55 (10)
C2—C1—C11 114.56 (10)
C5—C1—C11 113.52 (10)
O10—C1—C11 107.29 (9)
C1—C2—C3 104.94 (10)
C1—C2—O9 115.82 (10)
C3—C2—O9 114.94 (10)

C2—C3—O4 103.36 (9)
C2—C3—C7 117.44 (10)
O4—C3—C7 109.87 (11)
C3—O4—C5 112.01 (10)
C1—C5—O4 110.53 (10)
C1—C5—O6 128.09 (11)
O4—C5—O6 121.36 (12)
C3—C7—O8 110.46 (10)

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O10—H10� � �O8 0.81 1.90 2.6770 (13) 159
O8—H8� � �O9i 0.88 1.82 2.6906 (14) 172
O9—H9� � �O10ii 0.86 1.93 2.7547 (13) 160

Symmetry codes: (i) x; yþ 1; z; (ii) �xþ 1; y;�zþ 1.

In the absence of significant anomalous scattering, Friedel pairs

were merged. H atoms were located in a difference density map.

Those attached to C atoms were repositioned geometrically. H atoms

were initially refined with soft restraints on the bond lengths and

angles to regularize their geometry (C—H = 0.93–0.98 Å and O—H =

0.82 Å) and isotropic displacement parameters [Uiso(H) = 1.2–

1.5Ueq(parent atom)], after which their positions were refined with

riding constraints.

Data collection: COLLECT (Nonius, 2001); cell refinement:

DENZO and SCALEPACK (Otwinowski & Minor, 1997); data

reduction: DENZO and SCALEPACK; program(s) used to solve

structure: SIR92 (Altomare et al., 1994); program(s) used to refine

structure: CRYSTALS (Betteridge et al., 2003); molecular graphics:

CAMERON (Watkin et al., 1996); software used to prepare material

for publication: CRYSTALS.
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Figure 1
The molecular structure of (4), with displacement ellipsoids drawn at the
50% probability level. H-atom radii are arbitrary.

Figure 2
Packing diagram of (4), viewed down the c axis. Hydrogen bonds are
displayed with dashed lines.
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