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The Crystal Structure of Strontium 3-Deoxy-2-C-hydroxymethyl-D-erythro-pentoate
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The crystal structure of a strontium 3-D-glucoisosaccharate, Sr(CsH;106)2, has been determined by
X-ray diffraction methods in order to elucidate the molecular structures of the two glucoisosaccharinic
acids. A crystal structure analysis has previously established that a-D-glucoisosaccharinic acid is
3-deoxy-2-C-hydroxymethyl-pD-erythro-pentoic acid. The crystals are orthorhombic, space group P212,2,
a=20-040, b=6-909, ¢=5-738 A. The unit cell contains 2 stoichiometric units. Only four of the six
carbon atoms in each anion form a planar zigzag chain. Each strontium atom has eight oxygen neigh-
bours at the corners of a distorted Archimedean antiprism.

Introduction

In order to establish the stereochemistry of the D-glu-
coisosaccharinic acids (Feast, Lindberg & Theander,
1965), an X-ray study of a strontium D-glucoisosaccha-
rate has been performed. The salt is formed by treat-
ment of a 4-O-substituted D-glucose with strontium
hydroxide.

The possible Fischer diagrams of the corresponding
acid are shown in Fig. 1.
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Experimental

A powder specimen of strontium D-glucoisosaccharate
was kindly supplied by A.Ishizu (Swedish Forest Pro-
ducts Research Laboratory). Single crystals suitable for
X-ray analysis were obtained by slow cooling of a
saturated aqueous solution. A crystal which measured
0-03 x 0-07 x 0-10 mm? was used for the collection of
X-ray diffraction data. The axis parallel to the long
dimension of the crystal was chosen as the ¢ axis.

Powder photographs were taken in a Guiniet focusing
camera with Cu Ka, radiation (1=1-54056 A) and
potassium chloride (a=6-2930 A) as an internal stan-
dard. The least-squares refined unit-cell dimensions
obtained from the X-ray powder pattern are shown in
Table 1.

The single crystal was mounted on a General Elec-
tric XRD-5 orienter equipped with a scintillation de-
tector and a pulse-height analyser. Ni-filtered Cu K

Table 1. Crystallographic data for strontium-o-D-gluco-

isosaccharate
Lattice constants a=20-040+5 A
b= 6909+2 A
c= 5738+2 A
Cell volume 794-5 A3
Density (X-ray) 1-864 g.cm—3

Molecules per unit cell 2
Space group P2;2,2 (No. 18)

radiation was used and the pulse-height analyser was
set to collect about 90% of the Ka radiation. The §-20
scanning technique was used to measure 789 reflexions
with 20<125°, 775 of which were significant. A 260
range of 2° for 20<80° and of 4° for 80°<20<125°
was scanned at a rate of 2° per minute. A 20 second
background count for 20 <80° and a 40 second back-
ground count for 26> 80° were collected at each end
of the scan range. Lp and absorption correction
(=58 cm™!) were applied on the net intensity counts.
No extinction effects were observed and thus no cor-
rection for extinction was deemed necessary.

Structure determination and refinement

The general position in P2,2,2 is fourfold; therefore
the strontium atoms must occupy a twofold special
position. They were placed in the positions of type
(@) and the z parameter was determined from the
Patterson function. The strontium atoms do not affect
the F(hkOY's with h+k=2n+ 1. However, the signs of
most of the remaining F(hk0)’s were determined by the
heavy atom method. The strontium contribution was
subtracted from these structure factors and the signs of
differences were used in the method described by
Woolfson (1957) for applying the Sayre sign relation-
ship. Thus, the signs of the 15 strongest F(hk0)’s with
h+k=2n+1 were determined.

A two-dimensional electron density syntliesis was
calculated using the signs obtained for the F(hk0)’s and
yielded trial positions for all the carbon and oxygen
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atoms in this projection. The z parameters were derived
from the three-dimensional Patterson function. The
trial structure with anisotropic temperature factors
was refined by a full-matrix least-squares treatment.
The scattering factor curves used for carbon and oxy-
gen were those given by Freeman (1959) and for stron-
tium that by Cromer & Waber (1965), corrected by
the real part of the anomalous dispersion coefficient.
In the refinement the 700 strongest reflexions were used
(see Table 2) and Hughes’s (1941) weighting procedure
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with | F,, min| =6 was applied. The final reliability index
R=Z ||kFo| —|Fo||/Z |kF,| was 0-058.* At this stage the
shifts in all atomic parameters were less than 3% of
their standard deviations.

The coordinates and temperature factors obtained
are given in Table 3. These parameters were used for
the calculation of a three-dimensional difference elec-

* When all the 775 observed reflexions were included R
became 0-063.

Table 2. Observed and calculated structure factors
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Table 2 (cont.)
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Table 3. Parameters of non-hydrogen atoms and their estimated standard deviations
The thermal parameters are of the form T= exp [— (b11h2 + ba2k2 + b3312 + biohk + byshl + bazkl)].

x y z
Sr 0 0 02648 +2
0(0) 00643 +4 0180+ 2 —0:037+2
o(1) 01627 +4 0267 +2 —0188+2
0(2) 01078+ 4 0168+ 1 0390 + 2
0(2) 02141 +4 —0:047% 1 0197+2
0(4) 0-0953+ 4 0-751+ 1 0-161+2
o(5) 00289+ 4 0763 + 2 0581 %2
c() 0-1240+ 5 0229+ 2 —0019+2
Cc(2) 01535+ 5 0254+ 2 0227 +2
c(2) 02222+ 5 0-155+2 0:247+2
Cc(3) 01636+ 5 0471+2 0-282+2
C(4) 00975+ 6 0-582+2 0315+3
c(5) 0-0897+8 0649+ 3 0-566+ 3

tron density synthesis. It was possible to pick out likely
hydrogen atom positions from 7 peaks in the synthesis.
These 7 hydrogen atoms are those bonded to carbon
and the C-H distances found were about 09 A. Re-
finement of the structure including the obtained hy-
drogen positions reduced the R value to 0-043. How-
ever, since no convergence was achieved it was con-
cluded that these positions could not be refined from
the available data. The hydrogen atoms bonded to
carbon were therefore located by geometrical conside-
rations assuming a C-H distance of 1-1 A (Table 4).

The remaining four hydrogen atoms are all bonded
to oxygen. Attempts to locate them from the difference
synthesis were not successful. This may be related to
the different nature of the C-H and O-H bonds re-
sulting in different electron densities at the hydrogen
atoms.

Thermal parameter x 104

bn b2 b33 b2 b1 b3
10 130 142 3 0 0
11 272 136 —35 -7 46
13 282 88 —34 23 45
10 138 149 —-10 16 2
16 121 305 : 7 -5 13
16 151 161 19 14 —-12
21 280 166 60 28 77
10 128 130 —18 —26 —20
12 206 53 12 4 83

9 171 152 19 —18 —26
14 - 88 210 16 —33 —2
11 158 238 —23 5 6
29 287 113 57 14 70

Table 4. Estimated coordinates for hydrogen atoms
bonded to carbon

X y V4
H(2, 1) 0-241 0-172 0-425
H(2, 2) 0-256 0-220 0-121
H@3, 1) 0-195 0-486 0-439
HG, 2) 0-193 0-539 0-141
H(4, 1) 0-055 0-486 0-270
H(, 1) 0.086 0.522 0.681
H(, 2) 0.133 0.740 0-613

Description and discussion of the structure

The configuration of the «-D-glucoisosaccharate ion
(Fig.2) (Johnson, 1965) is in agreement with the Fisher
representation in Fig. 1(a).

In the field of monosaccharinic acids of open-chain
type few crystal structures have been determined. The
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arabonic acid (Furberg & Helland, 1962) and gluconic
acid (Littleton, 1953) determined in the forms of their
strontium and potassium salts respectively show some
structural similarities to the D-glucoisosaccharinic
acids.

Least-squares planes were calculated for O(2")C(2')-
C(2)C(3)C(4) and O(0)O(1)C(1)C(2) respectively. The
perpendicular distances of the atoms from the planes
are shown in Table 5.

Table 5. Least-squares planes

The coefficients g; are direction cosines relative to a, b,and c¢;
D is the origin-to-plane distance. The atom indicated with an
asterisk was omitted from the calculation of the least-squares
plane II.

Plane [ Atom Deviation
q1=—0-071 0(2) 002 A
q2=—0-179 C(2) 0-05
q3= 0-981 C(2) -0-09
D= 0836A C@3) —0-06
C4) 0-08
The root mean square deviation of the atoms in this plane is
0-065 A.
Plane 1 Atom Deviation
q1=—0-285 0(0) 0-00 A
g2= 0-958 o(1) 0-00
g3= 0-013 C(1) —0-01
D= 0820A C(2) 0-00
*0(2) -0-30
The r.m.s. deviation of the atoms in this plane [O(2) omitted]
is 0-007 A.

The atoms O(2’)C(2")C(2)C(3)C(4) form an almost
planar zigzag chain. The twist of the carbon chain at
C(4) can be regarded as a rotation around the C(3)-C4)
bond. In the arabonate ion (Furberg & Helland, 1962)
and the gluconate ion (Littleton, 1953) all the carbon
atoms are bonded to oxygen and form planar zigzag
chains. It should be noted that C(3) is the only carbon
atom without any oxygen bonded to it (see Fig.2).

The O(0)- - - O(2) distance is as short as 2:60 A and
the O(2) atom is only 0-30 A removed from the
O(0)O(1)C(1)C(2) plane. This structural feature which
seems to be common to all a-hydroxycarboxylic ions
and acids (Jeffrey Parry, 1952; Kroon, Peerdeman &
Bijvoet, 1965) will be discussed elsewhere (Norrestam,
Werner & Glehn, 1968).

Table 6. Interatomic distances and angles for non-hydro-
gen atoms in the o-D-glucoisosaccharinic ion and their
standard deviations

O-O distances within the coordination polyhedron around
strontium are marked with asterisks in the table.

C(1) -C(2) 1:54+2 A
C(2) -C(2) 1-54+2
C(2) -C(3) 1-54+2
C(3) -C(4) 1-55+2
C(4) -C(5) 15242
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Table 6 (cont.)

C(1) -0(0) 1-25+2
C(1) -O(1) 1-27+2
C(2) ~0(2) 1-44+2
C(2)-0(2") 1-43+2
C(4) -04) 1-46 +2
C(5) -O(5) 1-45+2
0O(0) -O(1) 2:24+ 1
*0(0) ~O(2) 2:60+1
0(2) ~-0(2') 2-82+1
*0(4) ~0(5) 276+ 1
0(0)-C(1) -C(2) 118:4+0-9°
O(1) -C(1) -C(2) 116:4 £ 0-9
0(0) -C(1) -0(1) 125:2+1-0
C(1) ~C(2) -C(3) 110:3+0-9
C(1) ~C(2) -C(2') 111:2+ 09
C(1) -C(2) -0(2) 107-7+£0-8
C(2)-C(2) -C(3) 107-4 + 0-9
C(2)-C(2) -0(2) 109:6 + 0-9
0(2) ~C(2) -C(3) 110-7+0-9
C(2) -C(2)-0(2") 108:4 +0-9
C(2) -C(3) -C(4) 113-4+0-9
C(3) -C(4) -C(5) 110-8£1-1
C(3) -C(4) -0O(4) 110-5+0-9
0O(4) ~C(4) -C(5) 109-2+1-1
C(4) ~C(5) -0O(5) 108-1+1-1

Distances and angles for non-hydrogen atoms within
the anion are given in Table 6 and Sr—O distances and
intermolecular O---O distances shorter than 32 A,
in Table 7(a). The average C-C bond length in the
anion is 1-54 A and no significant deviation from this
value is observed. The two C-O bonds in the carboxyl
group and the four other C-O bonds within the anion
do not deviate significantly from their average values,
1-26 A and 145 A respectively. Only one bond angle
C(2)-C(3)-C(4) formed by sp3-sp? bonds deviates from
the tetrahedral value of 109-47° by more than 3a.

Table 7(a). Sr—O distances and intermolecular O---0O
distances shorter than 3-2 A

O---O distances within the coordination polyhedron around
strontium are marked with asterisks in the table.

Code for symmetry-related atoms

(i) x,7 2
(i) ++x,3-p, 2
(v) x,y, z+1
V) x,y—1,z
Sr-0(0) 2:493+8 A
Sr-0(2) 2-555+7
Sr-0(4) 2:639+8
Sr-0(5) 2:514+9
0O(0) - --0(5) (i) 2:90+1A
O(1) -+ -0(Q) (iv) 2:75+1
O(1) -+ -0O(2) (iii) 279+ 1
0O(2)---0@M4) (v) 277+ 1
*O(2) ---0(5) (i) 2:99+1
*0(2) -+ -0(4) (v) 3-18+1

Table 7(b) Proposed hydrogen bonding scheme

O(l) - -H-0(2) (iv) 275 A
O(1) - - -H-0(2") (iii) 2:79
0(2’): - -H-0(4) (v) 277
0(0) - - -H-0(5) (i) 2:90
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Eight oxygen atoms related by a twofold axis form
a distorted Archimedean antiprism around each stron-
tium ion (Fig.3). This coordination polyhedron con-
sists of oxygen atoms from four different anions. Each
anion is thus coordinated to two cations.

The distances O(0)---O(2) (2:60 A), O(4)---O(5)
(276 A) and O(2)---0O(2") (2:82 A) are the shortest
intramolecular O- - - O distances except for the O(0)- - -
O(1) (224 A) distance within the carboxylic group.
The atoms O(0), O(2) and O(4), O(5) respectively are
coordinated to two strontium ions. It might be sugges-
ted that these short O---O distances are a result of
the influence of the strontium ions. However, the short

e

==
==
=

STRONTIUM-3-DEOXY-2-C-HYDROXYMETHYL-D-ERYTHRO-PENTOATE

0O(0)- - -O(2) distance is common to all a-hydroxycar-
boxylic groups (see above).

On each anion there are four hydrogen atoms avail-
able for hydrogen bonding and there are four inter-
molecular O- - - O distances less than or equal to 2:90 A
outside the coordination polyhedron. This gives a plau-
sible intermolecular hydrogen bonding scheme invol-
ving all the oxygen atoms [Table 7(b)]. The assumed
hydrogen bonds link the molecule in all directions and
form a three-dimensional network (Fig.4).

This investigation has been carried out within a
research programme directed by Dr. Peder Kierkegaard

=

(b)

Fig. 2. Structure of the a-D-glucoisosaccharate ion. (a) O(2"), C(2"), C(2), C(3) and C(4) approximately in the plane of the paper.
(b) Rotated 90° from (a).
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Fig.3. The coordination polyhedron around strontium.
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Fig.4. The unit cell projected along the ¢ axis. ® strontium, O oxygen, @ carbon.
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