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2,3:5,6-Di-O-isopropylidene-2-C-hydroxy-

methyl-p-talono-1,4-lactone

The title diacetonide, C;3H,,05, readily available in quantity
from D-tagatose, is likely to be a useful carbohydrate starting
material. The current structure analysis resolves any ambig-
uities arising from the synthetic route over the configuration at
the new chiral centre and the size of the lactone ring, but
otherwise shows no unusual features.

Comment

Sugars provide the largest group of readily available chiral
building blocks and bio-active scaffolds (Lichtenthaler &
Peters, 2004; Bols, 1996). Although little studied since initial
investigations by Kiliani (Kiliani, 1885, 1928; Gorin & Perlin,
1958), the reaction of ketoses with aqueous potassium cyanide
easily produces a mixture of branched sugar lactones under
aqueous conditions. The reaction of the lactones produced
from p-fructose and L-sorbose with acetone in the presence of
acid gives rise to readily crystallized diacetonides likely to
furnish a new family of carbohydrate-derived chiral building
blocks with branched carbon chains (Hotchkiss et al., 2004).
The full exploitation of this technology requires access to a
wide range of ketoses; in the past, only D-fructose and
L-sorbose have been readily available. However, the impetus
for the development of low calorie sweeteners has led to an
extensive biotechnology which provides almost any hexose by
combinations of microbial oxidations and enzyme-catalysed
epimerizations (Granstrom et al., 2004). Thus D-tagatose (2)
(see scheme), previously considered a rare sugar, is prepared
on an industrial scale for use in soft drinks and ready-to-eat
cereals (Skytte, 2002).

(i) KON OH  OH
< HOH.C
(i) Me,CO, HpS0,4 o o
(1 (2

The Kiliani reaction of cyanide with D-tagatose (2) gave an
excellent yield of different amounts of two lactones. Extrac-
tion of this mixture with acetone in the presence of sulfuric
acid gave a mixture of diacetonides; the major product (1) was
easily isolated as a crystalline material. The current structure
analysis of (1) resolves any ambiguities arising from the
synthetic route over the configuration at the new chiral centre
and the size of the lactone ring. The diacetonide (1) is likely to
be a useful starting material for the preparation of a number of
branched sugar mimics.
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Figure 1
The title compound, with displacement ellipsoids drawn at the 50%
probability level. H atoms are of arbitrary radii.

Figure 2
Packing diagram viewed along the b axis. Molecules are linked into
ribbons by hydrogen bonds (dashed lines).

The crystal and molecular structures of (1) show no unusual
features. As expected for sugar derivatives, hydrogen bonding
occurs between molecules, in this case, linking molecules into
ribbons parallel to the ¢ axis.

Experimental

The title compound was crystallized from diethyl ether by inward
diffusion of n-hexane to yield plate-like colourless crystals. These did
not cleave well, leading to the use of a large crystal. The multi-scan
technique was used to correct for changes in illuminated volume.

Crystal data

Ci3H007
M, = 288.30

Mo Ko radiation
Cell parameters from 1577

Orthorhombic, P2,2,2; reflections
a=78609(3) A 6 = 5-27°

b =10.7470 (4) A w=011mm™"'
¢ = 16,5516 (6) A T=190K

V =139830 (9) A®
Z=4
D, =1369Mgm™

Block, colourless
0.65 x 0.25 x 0.15 mm

Data collection

Nonius KappaCCD diffractometer 1804 independent reflections

 scans 1544 reflections with 7 > 20([)
Absorption correction: multi-scan R, = 0.013
(DENZO/SCALEPACK; Omax = 27.5°
Otwinowski & Minor, 1997) h=-10— 10
Tnin = 0.97, Tax = 0.98 k=-13 > 13
2981 measured reflections I=-21—-21

Refinement

Refinement on F?
R[F* > 20(F?)] = 0.033
wR(F?) = 0.074
§=092

1803 reflections

181 parameters

H-atom parameters constrained

w = 1/[o*(F) + 0.028 +0.385P],
where P = [max(F,>0) + 2F.]/3

(A/0)max < 0.001

ApPmax = 026 ¢ A3

APmin = =023 e A3

All H atoms were observed in a difference electron-density map.
The hydroxyl H atom was placed as found and the others were placed
geometrically with isotropic displacement parameters related to the
Ueq values of the adjacent atoms. The H-atom positions and Ui,
values were regularized by refinement with slack restraints and the
refinement completed with H-atom riding constraints [C—H =
0.9840.02 A; Uyo(H) = Uo(C) % 0.002 A% O—H no restraints]. In
the absence of significant anomalous scattering effects, Friedel pairs
were merged.

Data collection: COLLECT (Nonius, 1997); cell refinement:
DENZOISCALEPACK (Otwinowski & Minor, 1997); data reduc-
tion: DENZO/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.

Financial support (to RS) provided through the European
Community’s Human Potential Programme under contract
HPRN-CT-2002-00173 is gratefully acknowledged. A
generous gift of p-tagatose from Arla Foods allowed this work
to be performed.
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Crystal data

Ci3H2004

M, =288.30
Orthorhombic, P2,2,2,
Hall symbol: P 2ac 2ab
a=7.8609 (3) A
b=10.7470 (4) A
c=16.5516 (6) A
V'=1398.30 (9) A®
Z=4

Data collection

Nonius KappaCCD
diffractometer

Graphite monochromator

® scans

Absorption correction: multi-scan
(DENZO/SCALEPACK; Otwinowski & Minor,
1996)

Tin = 0.97, Tnax = 0.98

Refinement

Refinement on F?
Least-squares matrix: full
R[F?>20(F%)] = 0.033
wR(F?) =0.074

5=0.92

1803 reflections

181 parameters

0 restraints

F(000)=0616

D=1.369 Mg m3

Mo Ka radiation, A = 0.71073 A

Cell parameters from 1577 reflections
6=5-27°

#=0.11 mm™

T=190K

Plate, colourless

0.65 x 0.25 x 0.15 mm

2981 measured reflections
1804 independent reflections
1544 reflections with /> 20([)
Ri=0.013

Omax = 27.5°, Opin = 5.2°
h=-10—10

k=-13—13

[=-21-21

Primary atom site location: structure-invariant
direct methods

Hydrogen site location: inferred from
neighbouring sites

H-atom parameters constrained

w=1/[c*(F)+ 0.028 + 0.385P],
where P = [max(F2,0) + 2F.?]/3

(A/6)max = 0.000174

APy = 0.26 ¢ A3

Apmin=—-023 e A7

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z []iso*/ch
ci 0.5577 (2) 0.41009 (18) 0.13539 (11) 0.0255
2 0.4493 (2) 0.46106 (17) 0.20459 (10) 0.0242
C3 0.4697 (3) 0.36718 (17) 0.27347 (11) 0.0257

Acta Cryst. (2004). E60, 02163-02164

sup-1



supporting information

C4 0.5906 (2) 0.41013 (19) 0.33943 (11) 0.0277
05 0.75307 (17) 0.43700 (13) 0.30500 (8) 0.0319
C6 0.8851 (3) 0.37695 (19) 0.35196 (11) 0.0297
07 0.80175 (19) 0.34335 (14) 0.42604 (8) 0.0336
C8 0.6298 (3) 0.3145 (2) 0.40505 (12) 0.0314
C9 0.9493 (3) 0.2631 (2) 0.30810 (13) 0.0378
C10 1.0224 (3) 0.4706 (2) 0.36946 (15) 0.0418
Ol11 0.53763 (19) 0.25469 (12) 0.23691 (8) 0.0303
C12 0.5999 (3) 0.27713 (18) 0.16246 (12) 0.0300
013 0.6742 (2) 0.19899 (14) 0.12498 (9) 0.0466
014 0.28029 (17) 0.46392 (13) 0.17367 (7) 0.0326
C15 0.2752 (2) 0.41027 (19) 0.09403 (11) 0.0281
016 0.44814 (17) 0.40904 (13) 0.06706 (7) 0.0283
C17 0.1748 (3) 0.4956 (2) 0.03974 (12) 0.0334
C18 0.2023 (3) 0.2800 (2) 0.09667 (14) 0.0412
C19 0.7181 (3) 0.4807 (2) 0.11313 (13) 0.0328
020 0.6840 (2) 0.60645 (13) 0.09396 (8) 0.0384
H21 0.4815 0.5438 0.2213 0.0277*
H31 0.3573 0.3459 0.2967 0.0300*
H41 0.5457 0.4871 0.3628 0.0331*
H81 0.5588 0.3269 0.4530 0.0368*
H82 0.6180 0.2274 0.3840 0.0363*
HI1 1.0395 0.2233 0.3412 0.0452*
H92 0.8567 0.2039 0.2983 0.0454*
H93 0.9972 0.2931 0.2570 0.0453*
H101 1.1156 0.4318 0.4015 0.0496*
H102 0.9762 0.5389 0.4013 0.0491*
H103 1.0713 0.5046 0.3186 0.0498*
H171 0.1653 0.4613 —0.0154 0.0402*
H172 0.0586 0.5091 0.0606 0.0408*
H173 0.2317 0.5765 0.0361 0.0403*
H181 0.2114 0.2441 0.0426 0.0484*
H182 0.2692 0.2298 0.1368 0.0481*
H183 0.0817 0.2850 0.1126 0.0487*
H191 0.7955 0.4778 0.1597 0.0391*
H192 0.7723 0.4376 0.0670 0.0387*
H1 0.6637 0.6131 0.0465 0.0686*
Atomic displacement parameters (42)
Ull (]22 LP3 U12 U13 1]23
Cl1 0.0251 (9) 0.0275 (9) 0.0238 (9) 0.0017 (9) —0.0013 (8) —0.0007 (8)
C2 0.0233 (8) 0.0238 (9) 0.0255 (9) 0.0010 (9) —0.0021 (8) —0.0022 (7)
C3 0.0285 (10) 0.0236 (9) 0.0251 (9) 0.0004 (9) 0.0010 (9) —0.0017 (8)
C4 0.0299 (10) 0.0282 (10) 0.0251 (9) 0.0027 (9) 0.0011 (8) —0.0016 (8)
05 0.0283 (7) 0.0376 (7) 0.0299 (7) —0.0010 (7) —0.0018 (6) 0.0059 (6)
C6 0.0309 (10) 0.0329 (10) 0.0253 (9) 0.0018 (9) —0.0029 (9) 0.0016 (8)
o7 0.0343 (7) 0.0415 (8) 0.0251 (7) 0.0004 (7) —0.0028 (6) 0.0004 (6)
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C8 0.0330 (10) 0.0368 (11) 0.0245 (9) 0.0003 (10) —0.0001 (9) 0.0021 (8)
Cc9 0.0371 (11) 0.0395 (11) 0.0369 (11) 0.0040 (11) 0.0016 (10) —0.0038 (10)
C10 0.0356 (11) 0.0445 (13) 0.0454 (12) —0.0052 (11) —0.0084 (11) —0.0009 (11)
o11 0.0413 (8) 0.0213 (6) 0.0283 (7) 0.0003 (7) —0.0001 (7) —0.0008 (5)
C12 0.0335 (10) 0.0277 (10) 0.0287 (10) 0.0040 (9) —0.0033 (9) —0.0027 (8)
013 0.0621 (11) 0.0401 (8) 0.0377 (8) 0.0207 (9) 0.0012 (8) —0.0096 (7)
014 0.0256 (7) 0.0462 (8) 0.0261 (7) 0.0081 (7) —0.0024 (6) —0.0065 (6)
C15 0.0269 (9) 0.0332 (10) 0.0242 (9) —0.0022 (10) 0.0008 (8) —0.0018 (8)
016 0.0257 (6) 0.0370 (7) 0.0223 (6) 0.0012 (7) 0.0000 (5) —0.0014 (6)
C17 0.0279 (10) 0.0426 (12) 0.0297 (10) —0.0003 (10) —0.0045 (9) 0.0004 (9)
C18 0.0431 (13) 0.0412 (12) 0.0394 (11) —0.0087 (12) 0.0015 (11) 0.0017 (10)
C19 0.0264 (10) 0.0397 (11) 0.0322 (10) —0.0026 (10) —0.0007 (9) 0.0031 (9)
020 0.0462 (9) 0.0385 (8) 0.0306 (7) —0.0123 (8) —0.0028 (7) 0.0065 (6)
Geometric parameters (A, ©)

Ccl—C2 1.529 (3) C9—H92 0.981

Cl1—C12 1.534 (3) C9—H93 0.980

Cl1—O0l16 1.421 (2) C10—H101 0.996

C1—C19 1.517 (3) C10—H102 0.974

C2—C3 1.531 (3) C10—H103 0.996

C2—014 1.424 (2) 011—C12 1.348 (2)
C2—H21 0.965 C12—O0I13 1.196 (2)
C3—C4 1.519 (3) 014—CI15 1.439 (2)
C3—O0l1 1.454 (2) C15—016 1.431 (2)
C3—H31 0.990 C15—C17 1.507 (3)
C4—05 1.428 (2) C15—C18 1.513 (3)
C4—C8 1.527 (3) C17—H171 0.987

C4—H41 0.979 C17—HI172 0.987

05—C6 1.449 (2) C17—H173 0.979

C6—07 1.437 (2) C18—H181 0.976

C6—C9 1.509 (3) C18—H182 1.005

C6—C10 1.504 (3) C18—H183 0.986

07—C8 1.430 (3) C19—020 1.414 (3)
C8—HS81 0.979 C19—HI191 0.983

C8—HS82 1.003 C19—H192 0.989

C9—H91 0.994 020—H1 0.805
C2—C1—C12 103.61 (15) C6—C9—H93 106.107
C2—C1—O016 105.14 (14) H91—C9—H93 110.057
C12—C1—016 110.86 (15) H92—C9—H93 110.800
C2—C1—C19 117.78 (16) C6—C10—H101 110.508
C12—C1—C19 110.91 (16) C6—C10—H102 109.925
016—C1—C19 108.32 (15) H101—C10—H102 107.531
C1—C2—C3 105.26 (15) C6—C10—H103 111.096
C1—C2—O014 104.97 (14) H101—C10—H103 108.681
C3—C2—014 112.33 (16) H102—C10—H103 109.013
Cl1—C2—H21 113.439 C3—O011—C12 111.42 (14)
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C3—C2—H21 111.502 Cl1—C12—o011 110.81 (16)
014—C2—H21 109.170 C1—C12—013 127.44 (18)
C2—C3—C4 113.61 (16) 011—C12—013 121.73 (18)
C2—C3—O0ll1 106.07 (13) C2—014—C15 110.28 (13)
C4—C3—O0Ill1 108.78 (15) 014—C15—016 105.25 (14)
C2—C3—H31 110.304 014—C15—C17 108.47 (16)
C4—C3—H31 110.477 016—C15—C17 108.49 (15)
011—C3—H31 107.301 014—C15—C18 110.78 (16)
C3—C4—05 109.52 (15) 016—C15—C18 111.11 (17)
C3—C4—C8 115.63 (16) C17—C15—CI18 112.46 (17)
05—C4—C8 103.88 (15) C15—016—C1 109.10 (14)
C3—C4—H41 108.333 C15—C17—H171 111.309
05—C4—H41 107.994 C15—C17—H172 111.435
C8—C4—H41 111.181 H171—C17—H172 107.957
C4—05—C6 109.68 (13) C15—C17—H173 109.723
05—C6—07 104.06 (15) H171—C17—H173 107.997
05—C6—C9 110.03 (16) H172—C17—H173 108.303
07—C6—C9 111.06 (17) C15—C18—H181 108.134
05—C6—C10 108.64 (17) C15—C18—H182 108.548
07—C6—C10 109.34 (16) H181—C18—H182 110.829
C9—C6—C10 113.29 (18) C15—C18—H183 108.724
C6—07—C8 106.18 (14) H181—C18—H183 109.643
C4—C8—07 102.53 (16) H182—C18—H183 110.889
C4—C8—HS81 111.741 C1—C19—020 112.00 (17)
O7—C8—HS81 108.162 C1—C19—H191 107.952
C4—C8—HS82 111.239 020—C19—HI191 108.905
O7—C8—HS82 111.980 C1—C19—H192 108.151
H81—C8—H&2 110.888 020—C19—H192 110.815
C6—C9—H91 108.835 H191—C19—H192 108.928
C6—C9—H92 110.979 C19—020—H1 109.949
H91—C9—H92 109.980

Hydrogen-bond geometry (4, °)

D—H-A4 D—H H-4 DA D—H-4
020—HI1--07 0.80 2.07 2.833 (3) 159 (1)

Symmetry code: (i) —x+3/2, —y+1, z—1/2.
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