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Abstract. C|3H23N09, M, = 337'33, Orthorhombic,
P2,2,.2,, a= 88479 (9), b=9691 (2), c=
18121 (4) A, V=15538(5)A% Z=4, D,=
1-442 Mg m™3, A(Mo Ka)=0-71073 A, p(Mo Ka)
=0-11 mm~"', F000)=720, T=100K, final R=
0-034 for 3398 observed diffractometer data. The
conformation of the glycerol side chain is the same
as in the structures of the two B forms of N-
acetylneuraminic acid. The crystal consists of a two-
dimensional network of hydrogen-bonded molecules
and in the third direction there are only hydrophobic
contacts.

Introduction. Sialic acids frequently occur as a-glyco-
sidically linked terminal groups of carbohydrate
chains in glycoproteins and glycolipids (Corfield &
Schauer, 1982). The large range of their biological
activity includes, for example, (anti)recognition of
low- and high-molecular-weight compounds, influ-

0108-2701/90/030407-04$03.00

ence on transport processes, hormone action, cellular
adhesiveness and the life span of glycoproteins
(Reuther, Kottgen, Bauer & Gerok, 1982). For these
biological functions the charge and the conformation
of the molecules are essential features.
N-Acetylneuraminic acid is one of the most fre-
quently occurring sialic acids. So far only the crystal
structures of two B-glycosidical forms, B-D-N-
acetylneuraminic acid dihydrate (8Neu5Ac; Flippen,
1973) and B-pD-N-acetylneuraminic acid methyl ester
monohydrate (1MeBNeuSAc; O’Connell, 1973) have
been determined. It is of interest to study the
a-glycosidic form of neuraminic acid because it is
this form that occurs in nature, and effects on the
conformation with respect to the B8 forms can be
expected by the axial position of the carboxyl group.
Therefore, we here report the crystal and molecular
structure of a-D-N-acetyl-1-O-methylneuraminic acid
methyl ester (1,2diMeaNeuSAc). Because the intra-

© 1990 International Union of Crystallography
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and intermolecular hydrogen-bonding scheme is of
major interest the experiment has been performed at
low temperature in order to locate H atoms.

Experimental. Colourless transparent block-shaped
crystals (0-18 x 0-10 x 0-10 mm), obtained by vapour
diffusion of a solution in methanol against diethyl
ether. Enraf~-Nonius CAD-4 diffractometer, tem-
perature 100 K, Mo Ka radiation, graphite mono-
chromator, lattice dimensions determined using 22
reflections in 8 range 21 to 23°; the space group was
established by observed systematic absences 400 with
h=2n+1,0k0 with k =2n + 1 and 00/ with / = 2n +
1. w/26 scan mode, scan width (0-75 + 0-35 tan#)°,
200 =56°% h=—11to 11, k=0to 12, /= —23 to
23; 7926 reflections measured, R, = 0-03 from merg-
ing 3750 equivalent pairs; 3398 above 2-50(1) level.
Three periodically measured standard reflections
(106, 106, 123) showed no significant decay in inten-
sity during data collection, only slight absorption
noticed (<10% in ¢ scan) and not corrected for, Lp
correction. Structure solved by direct methods
(SHELXS84; Sheldrick, 1984). Refinement on F by
full-matrix least squares (SHELX76; Sheldrick, 1976)
with anisotropic temperature factors for all non-H
atoms. All H atoms could be located from a three-
dimensional difference Fourier map; their positions
and one common thermal parameter were sub-
sequently refined. Scattering factors were taken from
Cromer & Mann (1968), anomalous-dispersion cor-
rections from Cromer & Liberman (1970). Conver-
gence at R = 0-034, wR = 0-030 where w = 1/d%(F).
Max. and min. densities in final difference synthesis
were 0-46 and —0-33 e A 3 respectively. 4/c = 0-004
(av.) and 0-052 (max.)

Discussion. The final atomic positional and isotropic
thermal parameters are given in Table 1.* The
molecular conformation and atomic numbering is
shown in Fig. 1. Bond distances, bond angles and
relevant torsion angles for non-H atoms are listed in
Table 2. The geometric calculations were performed
with the EUCLID package (Spek, 1982). Bond dis-
tances and angles are similar to those found in other
saccharides (Arnott & Scott, 1972) although some
peculiarity occurs in the anomeric region. Arnott &
Scott (1972) and Jeffrey, Pople, Binkley & Vishvesh-
wara (1978) have studied the changes in geometry
near the anomeric centre for the various anomers,
by crystal-structure statistics and by theoretical
methods. In line with their observations, the

* Lists of structure factors and anisotropic thermal parameters
and complete geometrical data have been deposited with the
British Library Document Supply Centre as Supplementary Publi-
cation No. SUP 52346 (28pp.). Copies may be obtained through
The Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.
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Table 1. Final coordinates and equivalent isotropic
thermal parameters (A with their esd’s in

parentheses for non-H atoms and selected H atoms
Jor 1,2diMeaNeuSAc

x y z Ug* or Uy,

o(l) 02357 (1) 0-2053 (1) 0-43000 (6) 0-0160 (3)
0(Q2) 01836 (2)  —0-1243 (1) 0-45918 (7) 0-0254 (4)
0@  —02655(1) —0:0717(2) 0-33162 (7) 0-0310 (4)
0(6) 0-1985 (1) -0-0225 (1) 0-34678 (5) 0-0146 (3)
o 02824 (1) —0-0680 (1) 0-19856 (6) 0-0150 (3)
0O(8) 0-3569 (1) 0-2625 (1) 0-28858 (6) 0-0155 (3)
0(9) 0-6437 (1) 0-1990 (1) 0-21880 (8) 0-0249 (4)
o(11) 0-0696 (1) 0-1300 (1) 0-51476 (6) 0-0188 (3)
0(12) 00221 (1)  —0-1030 (1) 0-12256 (6) 0-0161 (3)
N(5) —0-0978 (1) 0-0356 (1) 0-20495 (7) 00132 (4)
C(1) 0-1472 (2) 0-1201 (2) 0-45217 (8) 0-0148 (4)
CQ2) 01194 (2) ~0-0214 (2) 0-41461 (8) 0-0171 (5)
CB)  —00451(2) —0:0631 (2) 0-4047 (1) 0:0216 (5)
C@ —0-1238 (2) —0-0038 (2) 0-33764 (9) 0-0182 (5)
C(5) -0-0220 (2) —0-0202 (2) 0-26983 (8) 0-0130 (4)
C(6) 0-1262 (2) 0-0534 (2) 0-28872 (8) 0-0125 (4)
C() 02424 (2) 00646 (2) 0-22711 (8) 0-0119 (@)
C(@8) 0-3891 (2) 0-1316 (2) 0-25472 (9) 0-0142 (5)
0) 0-4988 (2) 01576 (2) 0-19229 (9) 0-0180 (5)
C(10) 0-1019 (2) 0-2530 (2) 055836 (9) 0-0197 (5)
c(11) 03410(3) —0-1042 (2) 0-4766 (1) 0-0308 (6)
C(12) =0-0767 (2) —0:0159 (2) 0-13687 (8) 00132 (4)
C(13) —0-1816 (2) 0-0379 (2) 0-0785 (1) 0-0172 (5)
H(14) -0283(2) —0-102 (2) 0-290 (1) 0-023 (1)

H(17) 0204 (2)  —0092(2) 0-176 (1) 0-023 (1)

H(18) 0324 (2) 0-255 (2) 0-332 (1) 0-023 (1)

H(19) 0-645 (2) 0274 (2) 0239 (1) 0-023 (1)

H25) —0173(2) 0093 (2) 0211 (1) 0-023 (1)

* U = (113)22,Ua*a*a, a,

anomeric C—O bond length (1403 A) is shortened
with respect to the average single C—O bond length
in the title compound (1-429 A). These authors also
found that the difference in the two ring C—O bond
lengths appears to be characteristic for the specific
anomer, i.e. the bond involving the anomeric C atom
is shorter when the anomeric C—O bond is in the
axial position. In normal D-hexopyranoses this corre-
sponds to the « anomer, but because C(8) is the
reference atom for the D configuration in Neu5Ac,
and C(6) has the L-glycero configuration, the axial
position of the anomeric C—O bond corresponds
to the B anomer. Thus one would expect the
C(2)—O0(6) and C(6)—O(6) bonds to be nearly equal
in 1,2diMeaNeuSAc but C(2)—O(6) appears to be

‘shorter by 0-02 A. Moreover, for B-D-hexoses, the

O—C—O angle at the anomeric C atom appears to
be narrow (average 107-3°) and the ring C—O—C
angle appears to be 111-6° on the average (Arnott &
Scott, 1972). The value of 107-1° for O(2)—C(2)—
0O(6) in 1,2diMeaNeuSAc is in good agreement with
the above, but the value of 114:4° for C(2)—O(6)—
C(6) is unusually large and close to what is common
for a-hexoses. Thus it seems that the geometrical
features in the anomeric region are not so charac-
teristic for the specific anomer when a carboxyl
group is attached to the anomeric C atom.
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The ring has the normal 2Cs shape, somewhat
distorted toward a ®Hs half-chair conformation with
puckering parameters Q = 0-577 (2) A, 8 =162-2(2)
and ¢ =92-2 (2)° (Cremer & Pople, 1975). Compari-
son with the puckering parameters for IMeBNeuSAc
(0=0-540 A, 9=176-0, ¢ =212-9°) and BNeuSAc
(0=0567A, 6=177-3, ¢ = 89-0°) shows that due
to the axial position of the carboxyl group the ring in
the a form is more distorted.

It is of interest to compare the conformations of
the carboxyl group, the N-acetyl group and the
glycerol side chain for the three N-acetylneuraminic
acids. The relevant torsion angles can be found in
Table 2. The C=0 bond of the carboxyl group is
approximately coplanar with the ring C—O bond in
1,2diMeaNeu5Ac, whereas in both B compounds
the C=0 bond is found to be nearly eclipsed with
the anomeric C—O bond. The preference for a
planar conformation of the O—C—C=0 fragment
is also known to occur in a-hydroxy carboxylic acids
(Kanters, Kroon, Peerdeman & Schoone, 1967;
Kroon, 1982; Newton & Jeffrey, 1977). Due to the
acetal group, two such fragments occur in neurami-
nic acids so that there are two alternatives for the
planarity. In the & form the carboxyl group is prob-
ably not aligned with the anomeric C—O bond, as in
the B compounds, because this would introduce
steric repulsion with C(6)—H(6) and C(4)—H(4).

The N-acetyl group is essentially planar. The r.m.s.
deviation of the atoms C(13), C(12), O(12) and N(5)
from their least-squares plane is 0-001 A, the
deviation of atom C(5) from that plane is only
0-202 (5) A. In all three neuraminic acids the N-
acetyl group adopts the Z conformation of the pep-
tide bond [C(12)=0(12) is eclipsed with N(5)—C(5)]
and the N(5)—H(25) bond is in trans position to the
ring C(5)—H(5) bond. In the latter torsional param-
eter differences of more than 20° occur which can be

Fig. 1. Molecular conformation and atomic numbering of
1,2diMeaNeu5Ac.

Table 2. Bond distances (A), bond angles (°) and

selected torsion angles (°)

o(1)y—C(1) 1-206 (2) N(5)—C(12) 1-344 (2)
0O(4)—C4) 1-419 (2) C3)y—C(4) 1-513 (2)
o(7—C(7) 1-430 (2) C6)—C(7) 1-521 (2)
o1 1)y—C(1) 1329 (2) C(12—C(13) 1-501 (2)
N(5—C(5) 1-457 (2) oQR)—C(11) 1-441 (3)
C(2)—C3) 1-521 (2) 0(6)—C(6) 1-434 (2)
C(5—C(6) 1-531 (2) 0(9—C(9) 1-426 (2)
C(8—C(9) 1511 (2) 0(12—C(12) 1243 (2)
0(2—C(2) 1-403 (2) C(1)y—C(2) 1-550 (2)
0(6—C(2) 1-414 (2) C4)y—C(5) 1-531 (2)
O(8)—C(8) 1-438 (2) C(7—C(8) 1-535 (2)
O(11)—C(10) 1-458 (2)

C)—O0(6)—C(6) 114-4 (1) CQ—0@)—C(1) 1149 (1)
C(1)—0(11)—C(10) 1149 (1) CS—NG)—C(12) 1226 (1)
o)y —C(1)—0(11) 1247 (2) o(—C(1—C(2) 1242 (1)
o1y —C(y—C@) 1109 (1) 0(2—C(2)—0(6) 107-1 (1)
O(2)—C()—C(1) 108-2 (1) 0(2)—C(2—C(3) 1054 (1)
O(6—C(2—C(1) 108-0 (1) 0(6)—C(2)—C(3) 1116 (1)
C(1)—C(2—C(3) 1160 (1) C(2—C(3)—C(4) 1157 (2)
O(4)—C(4—C(3) 107-0 (1) O(4)—C(4)—C(5) 1142 (1)
C(3)—C(4)—C(5) 109-5 (1) N(5)—C(5)—C(4) 1098 (1)
N(5)—C(5)—C(6) 1137 (1) C(4)—C(5)—C(6) 1060 (1)
O(6—C(6)—C(5) 107-9 (1) 0(6)—C(6)—C(7) 1058 (1)
C(5)—C(6)—C(7) 1166 (1) O(7)—C(T)—C(6) 1116 (1)
O(T—C(T—C(8) 106:8 (1) C(6)—C(1—C(8) 1113 (1)
O(8)—C(8)—C(7) 1102 (1) O(8)—C(8)—C(9) 107-4 (1)
C(1—CE8y—C(9) 1117 (1) 0(9)—C(9)—C(8) 1118 (1)
0O(12)—C(12)—N(5) 1228 (1) 0(12—C(12)—C(13) 1216 (1)
N)—C(12—C(13) 1156 (1)

1,2diMeaNeu5SAc  1MeBNeuSAc  BNeuSAc
C(12y—N(5)—C(5—C4) -1483 (2) -140-4 -1252
C(5—N(5—C(12y—0(12) =912 =51 -08

O(1)—C(1)—C(2y—0(6) -78(2) 936 1284
C(5)y—C(6)—C(7—0(7) -57-0(2) -49-0 - 636
C(6)y—C(N—C(8—0(8) —544(2) -719 =711
C(1—C(8—C(9—0(9) -170-7 (1) - 1769 -177-4

attributed to the intramolecular O(7)—H(17)---O(12)
hydrogen bond which occurs in 1,2diMeaNeu5SAc
and 1MeBNeuSAc and produces a larger C(4)—
C(5)—N(5)—C(12) torsion angle than in the case of
BNeuSAc where this hydrogen bond is absent.

The overall conformation of the glycerol side
chain is the same for all three compounds as far as
non-H atoms are concerned. In 1,2diMeaNeuSAc, in
addition to O(7)—H(17)--O(12), another intra-
molecular hydrogen bond involving the glycerol side
chain is directed toward the carboxyl group
[O(8)y—H(18)--O(1)]. In the B forms this hydrogen
bond cannot occur because of the equatorial position
of the carboxyl group. As in the crystal structure of
BNeu5Ac, neither of these hydrogen bonds occurs,
the preference for this particular conformation of the
glycerol side chain seems not to depend on intra-
molecular hydrogen bonding, although it is likely
that in solution they will contribute to the rigidity of
the molecule. The conformation of the glycerol side
chain is consistent with 2J coupling constants
obtained by 'H NMR measurements of BNeu5Ac in
aqueous solution (Brown, Brey & Weltner, 1975)
although in that paper another conformation is pro-
posed. From 7, relaxation times obtained from '*C

-
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Table 3. Hydrogen-bond distances (A) and angles (°)

of 1,2diMeaNeu5A4c

Symmetry

D—H H-A D-4 D—H-+A operation*
O(@)—H(14y-0@®)  083(2) 204(2) 2825(Q)  158(2) 5453
09)—H(9~0(7)  081(2) 201(2) 2787(Q) 160(2) 6553
N(5—H(25-00) 087(2) 193(2) 2793(2) 172 (2) 4551
OM—H(17)-0(12) 084(2) 188(2) 2704(2)  167(2) 5551
O(®)—H(18)-0(1)  085(2) 199(2) 2832() 170(2) 5551

* The symmetry operation is performed on the acceptors (4). The first
three digits specify the lattice translations. The last digit indicates one of the
following s etry og)erations: W x,y5Q31+x,1—p,-z03) —xi+y,

i—z,@) I—x, —y, 1+ 2 (eg. 5453 is —b from 555-3).

Fig. 2. View of the structure down the a axis. The C, O, N and H
atoms are represented by white, black, dotted and small spheres,
respectively.

NMR data (Czarniecki & Thornton, 1977) on a and
B forms of NeuSAc in aqueous solution, low mobil-
ity was found around the C(6)—C(7) and C(7)—C(8)
bonds. The persistence of this particular glycerol
side-chain conformation in crystals is in agreement
with these findings.

The hydrogen-bonding geometries in the crystal
structure of 1,2diMeaNeuSAc are listed in Table 3.
Every molecule is surrounded by six hydrogen-
bonded neighbours. A two-dimensional network is

Acta Cryst. (1990). C46, 410-414

formed by hydrogen bonds in the [100] and [110]
directions. The contacts in the [001] direction are
hydrophobic in nature. Fig. 2 gives a view of the
structure down a.

The authors thank Dr P. van der Sluis for growing
the crystals and Dr J. P. Kamerling for supplying the
material.
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Conformational Study of 1,3,5-Tris(o-chlorophenyl)-1,3,5-triazacyclohexane and
1,3,5-Tris(p-chlorophenyl)-1,3,5-triazacyclohexane
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Abstract. C,,H,sC1;N;, M, = 418-80. o-Chlorophenyl
compound, orthorhombic, Pnma, a = 20-899 (4), b =
12:466 (3), c=73712(HA, V=1921 (1) A3, Z=4,

0108-2701/90/030410-05%03.00

D,=145Mgm™3 A(Mo Ka)=0-71069 A, pu =
0-49 mm~', F(000) =864, T =293 K, R=0-040 for
1581 independent observed reflections. p-Chloro-

© 1990 International Union of Crystallography



