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B-L-Lyxopyranose: A Neutron Diffraction Refinement*
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Abstract, C,H,,O;, M, = 150-13, orthorhombic,
P222,7Z =4,a=9599(3), b = 10-3653), ¢c =
6-524 (2) A, (A, = 1-0516 A), V = 649-10 A3. The
structure was refined from previous X-ray data
[Hordvik (1966). Acta Chem. Scand. 20, 1943—1954],
to R(F?) = 0-048 for 1463 unique reflections. The C
and O parameters agree closely with those from the
previous work. The hydrogen bonding consists of a
finite chain with two bifurcated interactions. One of
these, from O(2)H, is very weak, involving two H---O
distances of 2-113 and 2-634 A, at an angle of 91°.
The other bifurcated bond, from the anomeric hydroxyl
O(1)H, is stronger and consists of interactions at 1-957
and 2-300 A, at an angle of 106°. There are two
normal strong hydrogen bonds with H-.-O distances
of 1.718 and 1-793 A, and O—H---O angles of 177
and 171°.

Introduction. Previous X-ray studies of g-L-lyxo-
pyranose (I) were by Hordvik (1966) and by Morild
(1976) using 1511 Cu Ka diffractometer data. This
study was undertaken primarily to obtain a more
accurate description of the hydrogen bonding.

T_‘ o y OH
HT/” \T . o
\ H/ i . H
OH
IO (I) o i OH

H

A specimen with volume 4-85 mm?3, suitable for
neutron diffraction data collection, was obtained by
cutting a larger crystal, grown by slow evaporation of

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

t Present address: Department of Chemistry, University of Oslo,
PO Box 1033, Blindern, Oslo 3, Norway. Recipient of a travel grant
from the US Educational Foundation in Norway.

T Present address: American Dental Association, Health Foun-
dation Research Unit, National Bureau of Standards, Washington,
DC 20234, USA.

an ethanol-water solution. The cell dimensions were
obtained by least-squares fit to 29 26 values with 40 <
26 < 60° with 1, = 1.0516 A. These values are about
0-2% larger than those reported by Hordvik (1966).
Absorption and extinction corrections were applied
(Templeton & Templeton, 1973; Coppens & Hamilton,
1970). The maximum and minimum absorption correc-
tions were 1-535 and 1-332 respectively. The refined
isotropic extinction parameter was g = 0-09(1) x 104

The non-hydrogen atom coordinates of Hordvik
(1966) with isotropic thermal parameters (B.=2-5,B,
= 3.0 A?) were used to calculate the phases and a dlf
ference Fourier synthesis, which showed all the H
atoms. Subsequent refinement was by a full-matrix
least-squares procedure using isotropic, then aniso-
tropic thermal parameters and, finally, including an
isotropic extinction parameter (Coppens & Hamilton,
1970). Several trials with an anisotropic extinction
parameter (Becker & Coppens, 1975) failed because
two of the components became negative. An inspection
of the data showed that F,,, > F,;, when & < 2 and
Fyuu < Fyp, when A > 4. This may have been caused by
some splitting of the strongest reflections in the high-
angle region. However, the overall agreement between
the 1463 pairs of symmetry-equivalent structure am-
plitudes was satisfactory, R(F?) = 0-053. The
parameter refinement was from averaged F? values
which gave a lower R value than that from the data of
either of the separate octants. Refinement on > w(F2—
k*F3? with w™! = 62(F2) + (0-02F2), for 1352 values
with F2 > o(F?) gave R(F?) = 0-048, R(wF? =
0-061. R(Fz) = 0-050, R(wF? = 0-064 for all 1463
reflections. The final parameters are given in Table 1.§
They differ by less than 1 ¢ from the refinement of the
two separate sets of unaveraged data. The scattering
lengths used are those described by Takagi & Jeffrey
(1977a).

§ Lists of structure factors, anisotropic thermal parameters,
corrected bond lengths and a table showing the least-squares fit to
the rigid-body motion have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 33825
(13 pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.



3810

A view of the molecule with the atomic notation is
shown in Fig. 1. The H atoms are designated according
to the atoms to which they are attached. The bond
lengths and valence angles are given in Fig. 2. Table 2
gives the more important torsion angles including those
between vicinal C—H bonds which can be useful for
calculating NMR J;; values. Results of a rigid-body
thermal analysis (Schomaker & Trueblood, 1968) are
given in Table 3.* The r.m.s. AU;; were 0-0005 for a
mode! with the ring atoms only and 0-0014 for all C
and O atoms. The corrected bond lengths are shown in
Table 4.* The C—C distances are increased by 0-004 to
0-009 A, the C—O by 0-003 to 0-008 A, the C—H by
a mean value of 0-006 A, and the O—H by 0-005 A.

* Tables 3 and 4 have been deposited. See previous footnote.

Table 1. Fractional atomic coordinates (x10% for
B-L-lyxopyranose
The standard deviations are in parentheses, and the differences

(N—-X) between the neutron and X-ray parameters of Morild (1976)
are given in square brackets.

x y z
C(l) 3468 (1) [-2] 1190 (1) [+2] =713 (2) [-1]
C(2) 3689 (1) [-1] 2556 (1) [—1] —1550 (2) [+1]
C®3) 3400 (1) (ol 3565 (1) [-3] 127 (2) [-3]
C4) 4238 (1) [-10] 3259 (1) (0] 2054 (2) [-91
C(5) 3993 (1) [-3] 1864 (1) (0] 2692 (2) [+2]
o() 3808 (2) 0] 239 (1) [-2] —2121 (2) [+1]
0(2) 5090 (2) [+3] 2608 (1) [-91  —2254(2) (0]
0(3) 3748 (2) [+4] 4826 (1) [+1] —580 (2) [ +5]
0(4) 3824 (2)(-7) 4055 (1) 0] 3730 (2) [+4]
0(5) 4324 (2) (0] 1000 (1) [+5] 1058 (2) [+1]
H(C1) 2363 (3)[+100] 1039 (3)[+20]  —245(5)[-80]
H(C2) 2972 (4) [+90] 2716 (3)[—20] —2839 (4) [+120]
H(C3) 2281 (3)(+120] 3517 (3) 0] 528 (4) [+40]
H(C4) 5348 (3) [—150] 3414 (3) [-40] 1720 (4) [O]
H(C51) 4666 (4) (0] 1605 (3) [+40] 3976 (4) [-70]
H(C52) 2896 (4) [ +70] 1730 (3) |0] 3153 (5) | +10]
HO1) 4666 (4) [—110] 453 (3)[+40] —2819 (5)[+90)
H(O2) 5240 (5) [—40] 3401 (3) [=170] —2972 (6) | + 70|
H(03) 2890 (3) [+200] 5299 (2) |-130] —892 (4)+20]
H(O4) 4469 (3)[—1501 4778 (2) [-90] 3821 (4) |-90]

Fig. 1. B-L-Lyxopyranose. The thermal ellipsoids are at 50%
probability (Johnson, 1976).

f-L-LYXOPYRANOSE

Discussion. The molecule has the 'C, (L) con-
formation, shown in (I), with a very small deformation
in the direction of the B, ,, conformation, as shown by
the puckering parameters (Cremer & Pople, 1975); § =
177-1, ¢ = 187-0°, Q = 0-570, q, = 0-029, ¢, =
—0-569 A. The C—C bond lengths vary by 0-016 A
(2-3 o) with a mean value of 15300 A. The C—O bond
lengths, excluding those of the hemi-acetal group, differ
by 0-005 A (1.7 o), with a mean of 1-4243 A. The
C—H bond lengths vary by 0-024 A (30) with a mean
of 1-1041 A. That attached to the anomeric C atom
C(1) is longer than the mean by 0-011 A, but this single
observation is not significant. The O—H bond lengths
vary by 0-022 A (2-40) with a mean of 0-9700 A. The
length of the anomeric O(1)—H bond is very close to
the mean value and does not differ significantly from
those of the other O—H bonds. The orientations of the
O—H bonds vary considerably from the ideal staggered
arrangements which would require O—C—O—H torsion
angles of +60 or 180°, as shown by the actual values
given in Table 2. That of the glycosidic C(1)—O(1)H
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Fig. 2. Molecular dimensions of f-L-lyxopyranose. The bond
lengths are in A with o._. = 0-007, g._o = 0-003, g._,, =

0-008, 0,_, = 0-009. Angles are in degrees with o._._, and
Oco-c = 01, Oc_cp Ocope a0 05 c w =0-3,04 ¢ =

Table 2. Principal torsion angles (°) in §-L-lyxopyranose

C(1)-C(2)—-C(3)-C(4) +52.5
C(2)—C(3)-C(4)—C(5) —52.0
C(3)-C(4)—-C(5)-0¢5) +56-1
C(4)—-C(5)-0(5)-C(1) —62:2
C(5)—-0(5)—-C(1)-C(2) +61-6
O(5)—C(1)-C(2)—-C(3) -56-0
0O(5)—C(1)-0O(1)-H(O1) —178-2
C(1)—C(2)-0(2)—-H(02) +171.7
C(2)—C(3)-0(3)—H(03) +105-0
C(3)-C(4)-0(4)—H(0O4) -97.2
H(C1)-C(1)-C(2)—H(C2) -56-9
H(C2)—-C(2)—C(3)—H(C3) +54-4
H(C3)-C(3)—C(4)—H(C4) —173-5
H(C4)-C(4)—-C(5)—H(CS51) +54-9
H(C4)—C(4)—C(5)—H(C52) +175.2
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bond is closest to the ideal value of —60°, in agreement
with the quantitative prediction of the exo-anomeric
effect (see Jeffrey, Pople & Radom, 1974; Jeffrey,
1978).

The anomeric C(1)—O(1) bond length of 1.386 A
agrees well with the theoretical value for the f con-
figuration calculated by ab initio quantum mechanics
on the model compound, methoxymethanol (Jeffrey,
Pople & Radom, 1974). The two ring C—O bonds are
equal (within 1lg), whereas the theory predicts a
difference of 0-010 A.

cin

[«-v2,iz-y,-z] [v2-x,1-y, w2 +z]

n3s\ 0(5)
TYe2e H(02) 0O(2)
N
Gl 125N 7ue
SN owrre J2632
108°
> cla)
H(04) 807 Q
1070 Ir [v2-x, 1oy, z-2]

iuzy o(4)

793
7

1
.
613 '“O H(03)
o(3)
c2)

n2e

o(4)
XN e \1.957 otz wwo2)
1 141
[:.v.l] J263¢ \ H(ON
N 1060 2592 -

1ared~, -~ gie J110°
‘Qﬁ g >Jo
146° "3~
2H3~82 00

o(2) -~
H{02) \C)\ /C)
4 c(2)
J

136°
oy g

[ 1-x, I/2+y, -I/Z-z]

_-0(3)-H ---0(4)-H---0O(5)
---o()-HI_ =
~O(2)-H
~o(1)-H

Fig. 3. The hydrogen-bonding geometry in the crystal structure of
f-L-lyxopyranose.

Fig. 4. The unit-cell contents and molecular packing in the crystal
structure of f-L-lyxopyranose.

3811

The hydrogen bonding is shown in Fig. 3. It is more
complex than that observed in most pentoses or
hexoses (cf. Jeffrey & Takagi, 1978) and includes two
bifurcated interactions and two normal bonds. It can be
described as a finite chain, which originates at O(2)—H
and terminates at the ring O atom O(5), with some bi-
furcated cross-links.

The bifurcated interaction from O(2)—H is very
weak and resembles that observed in the neutron dif-
fraction study of methyl a-D-glucopyranoside (Jeffrey,
McMullan & Takagi, 1977), where there are two
H---O distances of 2-328 and 2-633 A at an angle of
107°. The bifurcated interaction from O(1)—H is
stronger. It is similar to the unsymmetrical bifurcated
hydrogen bonds observed in f-p-fructopyranose
(Takagi & Jeffrey, 1977b), where the H - - - O distances
are 1.965 and 2.349 A at an angle of 92°. In both
structures, the longer interaction is intramolecular.

The bond from O(3)—H to O(4) is a normal strong
bond of the donor—acceptor type with a length shorter
than the ‘average’ value of 1-815 A (Jeffrey & Takagi,
1978). The hydrogen bond from O(4)H to O(5) is the
shortest that has been observed from a hydroxyl to a
ring O atom in a carbohydrate structure studied by
neutron diffraction.

The molecular packing and the contents of the unit
cell are shown in Fig. 4.
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