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Abstract. C ,H,;0,.H,0, M, = 292.28, m.p. 100—
101 °C, orthorhombic, P2,2,2,, a = 9-214(1), b =
10-108 (1), ¢ = 15-806 (1) A [A(Cu Ka,) = 1-54051
Al, v =1472.09 A3, D, = 1.319 g cm™, Z = 4. The
structure was solved by MULTAN and refined to R(F)
= 0.028 for 1789 reflections measured with graphite-
monochromated Cu Ka radiation on a CAD-4
diffractometer. The gulofuranose ring has a twist
conformation, the dioxolane ring is an envelope, and
the dioxane ring is a distorted chair. The molecule
contains sequences of six and four C—O bonds with
bond lengths ranging from 1.406 (2) to 1-445 (2) A.
The water molecule accepts a hydrogen bond from the
carboxylic acid hydroxyl groups and donates two
hydrogen bonds: one to the carboxylic acid keto O
atom and the other to one of the dioxane ether O
atoms.

Introduction.  2,3:4,6-Di-O-isopropylidene-2-keto-L-
gulonic acid monohydrate, DAG (I), a derivative of L-
ascorbic acid, has been used to resolve amines (Brossi
& Teitel, 1970; Teitel, O’Brien & Brossi, 1972).
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The compound was obtained from Roche Chemical
Company and recrystallized from 95% ethanol-water
solution at room temperature. A crystal with dimen-
sions 0-34 x 0-34 x 0-40 mm was used to measure
3757 hkl and hkl reflections by §—28 scans to 8 = 78°,
using a scan width of 3-0° + 0-42° tan 6. Absorption
corrections were applied with ABSOR (Templeton &
Templeton, 1973) using #(CuKa) = 9-15 cm~.. The
minimum, maximum and mean corrections to F2? were
1.229, 1-394, and 1-284 respectively. The R factor be-

* Research supported by NIH Grants GM-21794 and GM-
24526, and performed under the auspices of the US Energy
Research and Development Administration.

tween symmetry-equivalent reflections was 0-013. These
were averaged to give 1789 independent reflections, of
which 33 had F? < g(F2).

The structure was solved with MULTAN (Germain,
Main & Woolfson, 1971) using 200 reflections with E
> 1.52 for phase generation. The twenty highest peaks
on the E map corresponded to all of the non-hydrogen
atoms. Refinement was by full-matrix least squares
using FLINUS, a local version of ORFLS (Busing,
Martin & Levy, 1962), to minimize ) wiF, — kF,I?,
with w=! = [62(F2) + (0-015F})?)/4F?, where o, is
from counting statistics. All the H atoms were located
from a difference Fourier synthesis. The non-hydrogen
and H atom parameters were refined anisotropically
and isotropically respectively, together with a Zach-
ariasen isotropic extinction parameter (Coppens &
Hamilton, 1970), which refined to 0-26 (3) x 10% The
final R = Y |F, — kF,|/> |F,l, R, = (3 wIF, — kF %/
2. wlF 192 for 1789 reflections were 0-028 and 0-034
respectively.

Table 1. Fractional atomic coordinates (x 10%) for the
non-hydrogen atoms in 2,3 :4,6-di-O-isopropylidene-2-
keto-L-gulonic acid monohydrate

x y z

c() 6132(2) 4899 (2) 1485 (1)
c@) 7166 (2) 5310 (1) 779 (1)
c@3) 8789(2)  5353(2)  1013(1)
C) 9147(2) 6819 (2) 978 (1)
c(5) 8079(2)  7327(2) 323 (1)
C(6) 7782 (2) 8790 (2) 414 (1)
6)) 8479 (2)  3811(2) —50(1)
C@®) 8582(4) 2452 (2) 346 (3)
C9) 8713(4)  3824(3)  —989(2)
c(10) 8718(2)  8733(2)  1832(1)
cdn 8212(3)  9057(3)  2717(1)
C(12) 10163 (3)  9388(2)  1621(1)
0(14) 6569 (2)  3837(2) 1869 (1)
O(1B) 5038 (2)  5482(2) 1663 (1)
0(2) 7068 (1) 4369 (1) 125 (1)
0@3) 9480 (1) 4701 (1) 338 (1)
0(4) 8828 (1)  7323(1) 1798 (1)
0(5) 6773 (1) 6584 (1) 497 (1)
0(6) 7583 (1)  9155(1) 1280 (1)
WO 4803(2)  8172(2) 1798 (1)
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The atomic scattering factors for O and C were those
tabulated by. Doyle & Turner (1968) and those for H
were given by Stewart, Davidson & Simpson (1965).
The final positional parameters are given in Tables 1
and 2.*

Discussion. The atomic notation, bond lengths and
principal torsion angles are given in Figs. 1 and 2. A

* Lists of structure factors, anisotropic thermal parameters, and
valence bond angles have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 33613
(15 pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

Table 2. Fractional atomic coordinates (x103),

isotropic thermal parameters (A% and bond distances

(A) for the hydrogen atoms in 2,3 :4,6-di-O-isopropyl-
idene-2-keto-L-gulonic acid monohydrate

Xx y z B (iso) C,0-H
H(C3) 903(2) 494(2) 159(1) 39@4) 1-03 (2)
H(C4) 1012(2) 697(2) 80(1) 364 095
H(CS5) 843(2) 714(2) -—-25(1) 3-0(3) 098(2)
H(C61) 696 (2) 904 (2) 10(1) 4.3(5 0942
H(C62) 865(2) 927(2) 15(1) 4.0(4) 1.02(2)
H(C81) 950(4) 207(3) 29(2) 8.0(8) 0-93(3)
H(C82) 845(3) 251(3) 100(2) 8-3(8) 1.04 (3)
H(C83) 7833) 197(3) 9(2) 6-3(D 0-94 3)
H(C91) 864(3) 476(3) —-117(2) 171.3(0) 0-99 3)
H(C92) 793(4) 3224 —128(22) 9-1(8) 1-05 (3)
H(C93) 959(4) 346(3) —109(2) 8-4(9) 0-90 (3)
H(C111) 900(3) 877(3) 313(2) 6-4(6) 1.02(3)
H(C112) 737(3) 858(3) 281(2) 6-3(6) 0-93(3)
H(C113) 830(3) 999(3) 277(2) 174(D 0-95(3)
H(C121) 1042(2) 924(2) 107(1) 4-4(5) 0.91(2)
H(C122) 1003(3) 1028 (3) 179 (2) 6-6(6) 0-95 (3)
H(C123) 1089(3) 895(3) 200(2) 6-1(6) 100 (3)
H(O14) 603(3) 361(3) 232(2) 6-1(6) 0-90(3)
H(WO1) 483 (4) 736 (4) 169 (2) 9-209) 0-84 (4)
H(WO02) 557(4) 860(3) 165(2) 9-3(10) 0-86(4)

Fig. 1. 2,3:4,6-Di-O-isopropylidene-2-keto-L-gulonic acid mono-
hydrate. The atomic notation and thermal ellipsoids at 50%
probability (Johnson, 1976) are shown.
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table of bond angles has been deposited;* the values of
note are as follows: in the furanose ring, the valence
angle at O(5) is 109° and at the C atoms it is between
102 and 107°. In the dioxolane and dioxane rings, the
oxygen valence angles are 110, 109°, and 114, 115°
respectively. The carbon valence angles between the
vicinal methyl groups are C(8)—C(7)—C(9) 114°, and
C(11)—C(10)—C(12) 112°. The dihedral angles be-
tween the three ring systems are defined by the following
torsion angles: O(3)—C(3)—C(2)—0(5) —104°, O(4)—
C(4)—C(5)—0(5) —74°. The carboxylic acid group is
inclined so that the O(1B)—C(1)—C(2)—0(5) torsion
angleis +11°.

One of the interesting structural features of the
molecule is the bond-length variation in the sequence of

* See previous footnote.

Fig. 2. Molecular dimensions of 2,3:4,6-di-O-isopropylidene-2-
keto-L-gulonic acid monohydrate. The signed values are ring
torsion angles. The standard deviations are 0-002 to 0-004 A in
the bond lengths, 0-2 to 0-4° in the angles.
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Fig. 3. The hydrogen-bond structure in 2,3:4,6-di-O-isopro-
pylidene-2-keto-L-gulonic acid monohydrate. The standard de-
viations are 0-003 A in the O-.-O distances, 0-04 A in the
O—H and H-.-O distances, and 3° in the O—H- - - O angles.
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Fig. 4. The unit-cell contents of 2,3 :4,6-di-O-isopropylidene-2-keto-L-gulonic acid monohydrate, viewed down the b axis. The thin lines are
hydrogen bonds.

C—O bonds which originate at C(3) and terminate at
C(5). These are

A stereoview of the contents of the unit cell is shown
in Fig. 4.

+26° —16° +117° —100°
C(3) 0(Q3) Cc( 0(2) C(2) 016 C(5),
®) 1-406 A ) 1-427A M 1.444 A ) 1-408 A @ 1-410 A ®) 1-445 A ©)
where the angles refer to the bond torsion angles. The References

four-bond sequence C(7)—C(5) resembles that occur-
ring in methyl pyranosides, where both experiment and
theory agree that the inner bonds are shorter than the
outer bonds by about 0-03 A (Jeffrey, Pople, Binkley &
Vishveshwara, 1978). There is, however, another four
C—O bond sequence where these differences are not
observed, i.e.

—59°
0o(6)
294 1.427A

6 [
+60 0@4)
1-430 A 1-423 A

C(10)

C®6)
1-4

Further experimental and theoretical study is necessary
to understand these differences. The C—C distances in
this molecule lie in the normal range of 1.500 to 1-541
A.

The hydrogen bonding consists of short finite chains,
shown in Fig. 3, which link the water molecules to the
carboxylic acid groups. The closest intermolecular
methyl—methyl contacts are C(9)---C(12) 3-868 A,
C(8)---C(12)3-972 A, and C(9)---C(11) 3.976 A.

C(4).
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