This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:27

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Molecular Packing and Hydrogen
Bonding in the Crystal Structures of
the N-(n-Alkyl)-D-gluconamide and the
1-Deoxy-(N-methyl-alkanamido)-D-
glucitol Mesogens

G. A. Jeffrey ®

# Department of Crystallography, University of Pittsburgh,
Pittsburgh, PA, 15260, USA
Version of record first published: 22 Sep 2006.

To cite this article: G. A. Jeffrey (1990): Molecular Packing and Hydrogen Bonding in the Crystal
Structures of the N-(n-Alkyl)-D-gluconamide and the 1-Deoxy-(N-methyl-alkanamido)-D-glucitol
Mesogens, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 185:1, 209-213

To link to this article: http://dx.doi.org/10.1080/00268949008038503

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008038503
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:27 19 February 2013

Mol. Cryst. Lig. Cryst., 1990, Vol. 185, pp. 209-213
Reprints available directly from the publisher
Photocopying permitted by license only

© 1990 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

Molecular Packing and Hydrogen Bonding in
the Crystal Structures of the N-(n-Alkyl)-D-
gluconamide and the 1-Deoxy-(N-methyl-
alkanamido)-D-glucitol Mesogens

G. A. JEFFREY
Department of Crystallography, University of Pittsburgh, Pittsburgh, PA 15260, USA

(Received December 4, 1989)

Despite differences in molecular configuration and crystal symmetry, the crystal structures of the odd
and even alkyl chain members of the N-(n-alkyl-D-gluconamides and the odd alkyl chain members of
the 1-deoxy-(N-methyl alkanamido)-D-glucitols have closely related hydrogen-bond systems, which
include a homodromic four-bond cycle. This is associated with the monolayer head-to-tail molecular
packing common to these crystal structures.

INTRODUCTION

Amphiphilic molecules in which a hydrocarbon chain is linked to a pyranose or an
alditol moiety have received attention in recent years because of their use as non-
ionic surfactants for crystallizing membrane proteins.’? All these molecules with
more than six carbon atoms in the alkyl chain form thermotropic liquid crystals®
and the more soluble form lyotropic liquid crystals* and gels.”¢

Seven crystal structures of the alditol derivatives have been reported:

N(n-alkyl)-D-gluconamides, I, with n = 6, 7, 9, 10,
I CH;(CH,),NH-CO-(CHOH),CH,OH" 10
1-deoxy-(n-methyl alkanamido)-D-glucitols, IIt, with n = 6, 7 and 9,

I CH,(CH,),CO-NH(CH,)-CH,-(CHOH),CH,0H -2

iThese compounds are also named MEGA-n: N-D-gluco-N-methyl alkanamides,? or alkanoyl-N-
methyl glucamides.!!
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As with the fatty acids,’® the compounds with odd and even carbon atoms in the
alkyl chains have different crystal structures. I with n = 6 and 10 are triclinic, P1;
I with n = 7 and 9 are monoclinic, P2,; I with n = 6 (MEGA-8) is orthorhombic,
P2.2,2; Il with n = 7 (MEGA-9) and n = 9 (MEGA-11) are triclinic, P1.

The crystal structures of I have monolayer head-to-tail molecular packing irre-
spective of whether they are in the odd or even series. The crystal structures of 1I
have this packing only with the odd number of alkyl carbon atoms. In the even
series of II, the molecular packing is bilayer head-to-head.'? This is the molecular
packing that has hitherto been observed without exception in the n-alkyl 1-O and
1-S D-pyranosides.>14-18

The monolayer head-to-tail packing is unusual with amphiphilic molecules such
as the cholesteric fatty acids!® and the triacetyl springosine and alkyl glycerophos-
phocholines.?” It is also unexpected in view of the observation that these crystals
undergo thermotropic transitions to smectic A liquid crystals with d-spacings in-
dicative of bilayer molecular clusters.'?

Despite the differences in molecular configuration and crystal symmetry, these
crystal structures have closely related hydrogen bond systems which are examined
in this paper.

THE HYDROGEN BONDING

All six crystal structures referred to in Table I have monolayer head-to-tail packing
with a common hydrogen bonding feature. This is a homodromic cycle? of strong
bonds linking the hydroxyls O(3)H, O(4)H, O(5)H and O(6)H. As shown in Table
I, the sequential character of the hydrogen bonding is retained, but reversed be-
tween the alkyl giluconamides and N-methyl alkanamido-glucitols.

In compound 1, the hydrogens on O(2)H, O(4)H and O(5)H were not located,
neither were those on O(2)H in compound 2 nor those on O(2)H and O(5)H in
compound 3, but the O- - -O separations (in parentheses) are consistent with hy-
drogen bond formation. In crystal structures 1-4, there are O(2)H- - -O(4) intra-
molecular hydrogen bonds which stabilize the straight-chain alditol conformation.?
There is also a separate intermolecular N—H- - -O=C hydrogen bond. In crystal
structures 5 and 6, the amide nitrogen is methyl substituted and the hydroxyt O(2)H
forms a hydrogen bond to the carbonyl oxygen O(7). O(2) is then linked to the
homodromic cycle by means of a three-center bond from O(3)H.

Cyclic hydrogen bond systems, including homodromic cycles, are observed in
the crystal structures of the cyclodextrin hydrates.?* They are never observed in
the crystal structures of the alditols, where infinite chains are the rule.?* Because
of the cooperativity of sequential hydrogen bonding,?->> homodromic cycles are
energetically the more stable of the various cyclic systems.?® In D-galactaric acid
(mucic acid), a four-link homodromic cycle together with a carboxylic dimer hy-
drogen bond system is responsible for the unusual insolubility of this polyhydroxy
acid in cold water.?’

We believe therefore that that monolayer head-to-tail molecular packing, per
se, is intrinsically less energetically favorable than the more common bilayer head-



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:27 19 February 2013

PACKING AND BONDING IN ALDITOL DERIVATIVES

TABLE 1

Hydrogen bond distances and angles in the monolayer head-to-tail crystal structures of the

N-(n-alkyl)-giuconamide and the 1-deoxy-(N-methy! alkanamido)-D-glucitols
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4:  N-(n-undecyl)-D-gluconamide 0
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5:  1-deoxy-(N-methyl nonamido)-D-glucitol (MEGA-9)11

6: 1-deoxy-(N-methyl undecanamido)-D-glucitol (MEGA-11)12

1 2 3 4 5 6
Bond lengths (A)
rn 1.86 1.98 1.94 1.83 2.08 1.90
rn (2.83) 1.89 (2.72) 1.78 1.79 1.81
3 1.92 1.88 1.94 1.77 1.95 1.81
T4 (2.86) 1.76 1.79 1.75 1.78 1.83
rs* (2.87) (3.04) (3.05) 2.01 2.40 2.46
re* 2.10 2.22 2.18 2.20 2.30 1.93
N---H- - -0O(1)=C 2.10 2.17 2.09 2.21
Bond angles (deg)
3] 141 143 140 159 123 146
a2 - 162 - 171 166 164
a3 134 148 144 177 165 160
o4 - 171 175 171 154 159
os* - . 179 99 98
ag* 105 109 112 108 131 156
N—H- - -0=C 140 148 143 86 - -

All O—H and N—H bond lengths have been normalized to 0.97 and 1.00 A respectively to correct
for the bonding electron density distribution.?! Values in parentheses are O-——~O separations when
hydrogen coordinates are not available. Asterisks indicate intramolecular bonds. E.s.d.s for hydrogen
bond lengths are =~0.05 A, for O-——0O separations ~0.005 A.
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to-head packing, but the extra stability comes from the possibility of forming this
type of strong cooperative hydrogen bonding. On heating the crystals, the hydrogen
bonding is weakened by the increase in the vibrational and oscillational thermal
motion of the O—H bonds. In consequence, transitions take place, either to the
bilayer smectic A liquid crystal phase or another bilayer crystalline phase which
preceeds the liquid crystal phase, as has been shown by X-ray diffraction to occur
in the N-(n-undecyl)-D-gluconamide crystal structure.®

This greater sensitivity to thermal motion of hydrogen-bonding vis-a-vis the alkyl
chain van der Waals packing provides an explanation for the observation that in
these series of compounds and in the alkyl D-glucopyranosides, the transition
temperatures from crystal to liquid crystal are nearly independent of alkyl chain
length, whereas the transition temperatures from liquid crystal to isotropic liquid
increases regularly with chain length.?®-2° This implies that on heating, the rupture
from the crystal lattice to the molecular clusters takes place between the hydrogen-
bonded carbohydrate moieties. The core of the liquid crystal cluster is therefore
the intercalated alkyl chains, not the hydrogen bonded carbohydrate moieties as
previously inferred.*® Similar observations and conclusions have been made from
a study of the thermotropic properties of homologous series of n-alkyl 1-S-o-D-
glucopyranosides®! and aldose dialkyl dithioacetals.*
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NOTE ADDED IN PROOF:

In the crystal structure of N-(n-decyl)-D-ribonamide [B. Tinant, J. P. Declercq
and M. van Meerssche, Acta Crystallogr., C42, 579-581 (1986)], the monolayer
head-to-tail molecular packing is also associated with a homodromic cycle of four
strong hydrogen bonds linking OL(Z)H——O(4)H—~O(5)H——O(1)]H.






