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The relative stereochemistry of the fluoro substituent (as ribo)

and the ring size of the lactone (as five) in the title compound,

C6H9FO4, have been established by X-ray crystallographic

analysis.

Comment

Until recently, carbohydrate building blocks with branched

carbon chains have not been readily available in large

quantities (Bols, 1996; Lichtenthaler & Peters, 2004). The

Kiliani reaction of ketoses with cyanide, followed by acet-

onation (Hotchkiss et al., 2004; Soengas et al., 2005), provides

access to a novel class of carbohydrate scaffold which contains

a branched hydroxymethyl carbon chain. Branched sugars

bearing a C-2 alkyl group are also available from the Kiliani

reaction of cyanide with 1-deoxyketoses, themselves prepared

by addition of organometallic reagents to sugar lactones. Thus,

reaction of cyanide with a protected 1-deoxy-D-ribulose

afforded the isopropylidene derivative of arabinono-1,5-

lactone (1) (Hotchkiss et al., 2006), shown to crystallize in a

boat conformation (Punzo, Watkin, Jenkinson & Fleet, 2005).

Protected sugar lactones such as (1) allow modification of

the tertiary alcohol group to introduce other functional groups

at the quaternary centre; hitherto, there have been very few

strategies for the synthesis of branched carbohydrates with a

non-oxygen functional group at a quaternary position. Ester-

ification of the free hydroxyl group in (1) with triflic anhydride

in pyridine afforded the trifluoromethanesulfonate (2).

Reaction of (2) with sodium azide in dimethylformamide gave

the ribo-azide (3) as the major product in good yield, even

though the overall reaction is a nucleophilic displacement at a

very hindered position; this reaction is very unlikely to be an

SN2 reaction, so the stereochemistry at C-2 of the azide (3) was

established by X-ray crystallographic analysis (Punzo, Watkin,

Jenkinson, Cruz & Fleet, 2005), showing that the reaction
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proceeded with inversion of configuration to give the

ribonolactone (3) in a boat conformation with the C-2 methyl

group in a hindered flagpole position. A minor product was

also formed during the azide displacement reaction and was

proven by X-ray analysis to have the ribo-configuration (4)

(Punzo et al., 2006). It is noteworthy that the 1,5-lactones (1),

(3) and (4) all adopt a boat conformation in the solid state.

When the trifluoromethanesulfonate (2) was treated with

tris(dimethylamino)sulfur trimethylsilyl difluoride – an

excellent source of nucleophilic fluoride – fluorolactone (5)

was isolated as the major product. Removal of the

isopropylidene protecting group by treatment with aqueous

acid gave the title unprotected fluorolactone, (6). The crystal

structure reported in this paper (Fig. 1) establishes the relative

ribo-stereochemistry in both (5) and (6), and also shows that

deprotection of the ketal (5) is accompanied by contraction of

the six-ring lactone in (5) to give a five-ring lactone in (6). The

quaternary fluoride (6) is likely to be a powerful intermediate

for the synthesis of a novel class of carbohydrate in which a F

atom is attached to a quaternary centre. The absolute

configuration of (6) was established by the use of d-

erythronolactone as the starting material for the preparation

of (1).

The crystal structure consists of pleated sheets lying

perpendicular to c, with molecules linked by hydrogen bonds

(Fig. 2). There is a short contact between adjacent sheets

[2.86 Å for O9� � �C5(1
2 + x, 1

2� y, 1 � z)].

Experimental

The fluorolactone (6) (Mayes et al., 2006) was crystallized from ethyl

acetate:heptane (8:1), m.p. 415–416 K; [�]D
20 +129.3� (c = 0.9 in

CH3CN).

Crystal data

C6H9FO4

Mr = 164.13
Orthorhombic, P212121

a = 7.3570 (2) Å
b = 8.2864 (2) Å
c = 11.7886 (3) Å
V = 718.67 (3) Å3

Z = 4
Dx = 1.517 Mg m�3

Mo K� radiation
Cell parameters from 900

reflections
� = 1–27�

� = 0.14 mm�1

T = 150 K
Block, colourless
0.60 � 0.40 � 0.40 mm

Data collection

Nonius KappaCCD diffractometer
! scans
Absorption correction: multi-scan

(DENZO/SCALEPACK;
Otwinowski & Minor, 1997)
Tmin = 0.64, Tmax = 0.94

1612 measured reflections

964 independent reflections
958 reflections with I > �3�(I)
Rint = 0.008
�max = 27.5�

h = �9! 9
k = �10! 10
l = �14! 14

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.030
wR(F 2) = 0.098
S = 0.91
958 reflections
100 parameters

H-atom parameters constrained
w = 1/[�2(F 2) + (0.1P)2]

where P = [max(Fo
2,0) + 2Fc

2]/3
(�/�)max < 0.001
��max = 0.22 e Å�3

��min = �0.18 e Å�3

Table 1
Hydrogen-bond geometry (Å, �).

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

O9—H6� � �O8i 0.82 1.90 2.701 (2) 165
O8—H7� � �O6ii 0.84 2.01 2.804 (2) 157

Symmetry codes: (i) x � 1
2;�y� 1

2;�zþ 2; (ii) xþ 1
2;�yþ 1

2;�zþ 2.

The H atoms were all located in a difference map, but those

attached to C atoms were repositioned geometrically. The H atoms

were initially refined with soft restraints on the bond lengths and

angles to regularize their geometry (C—H in the range 0.93–0.98, O—

H = 0.82 Å) and Uiso(H) (in the range 1.2–1.5 times Ueq of the parent

atom), after which the positions were refined with riding constraints.

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

DENZO/SCALEPACK (Otwinowski & Minor, 1997); data reduc-

tion: DENZO/SCALEPACK; program(s) used to solve structure:
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Figure 1
The molecular structure of the title compound, with displacement
ellipsoids drawn at the 50% probability level. H atoms are shown as
spheres of arbitary radius.

Figure 2
A c-axis projection. The molecules are linked by hydrogen bonds (dashed
lines) into pleated sheets perpendicular to c.



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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