6628

Supplementary Material Available. Table IV (atomic coordinates
of the xylene solvate), Table V (bond distances and angles for the
xylene solvate), and structure factor amplitudes (18 pages). Ordering
information is given on any current masthead page.
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Abstract: A bilayer assembly of long polar molecules has been observed in the crystal structure of 1-decyl a-D-glucopyrano-
side, C14H320¢. Alternating regions of polar and nonpolar groups result from the close packing of fully extended hydrocarbon
chains between hydrogen-bonding layers of glucose rings. The chain packing, in which the planes of carbon-carbon bonds are
parallel and equally spaced, is described by a new type of monoclinic subcell containing two CH; groups per asymmetric unit;
its space group is P2;/m with a; = 4.64 A by=763A c,=254 A, and v, = 90°; the volume per CH; group is 22.4 A3 The
main cell symmetry is P2; with a = 5.153 A b=7624A,¢c=221254A,8=9095°and Z = 2, b is parallel to b,. The struc-
ture was solved by direct phasing methods and least-squares refined to a residual of 9.3%.

Introduction

The synthesis of a series of n-alkyl derivatives of glucose,
among them ethyl, n-hexyl, n-octyl, and n-decyl glucopy-
ranoside, has been reported.? These uncharged polar molecules
may serve as models for polar membrane components of similar
topography. They share a number of properties with glyco- and
phospholipids and, while simpler compounds, have been used
for a number of physical studies. From a study of apparent
molal volumes, Brown et al.2 concluded that the alkyl gluco-
pyranosides form micelles in aqueous solution; micelle for-
mation was strongly dependent upon the structure of the sugar
in that the 8 isomer was more soluble and formed micelles less
readily than the a isomer. An investigation of the mechanism
of micelle formation in the n-alkyl glucose derivatives (n = 6

to 10) has been carried out by Paul.? Recently, the solid n-alkyl
pyranosides have been observed to form a thermotropic liquid
crystal phase above 76 °C.4

Five of the homologous members of the n-alkyl series have
been crystallized,? and we have now determined the crystal and
molecular structure of 1-decyl a-D-glucopyranoside (1). The

f=a
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TableI. Fractional Coordinates (X10%) and Anisotropic Temperature Factor Coefficients (X103)4

Atom X y z Un Ui Us; Uiz Uys Uiz

c() 966 (12) 2930 (16) 8520 (3) 52(3) 49 (4) 56 (4) —-4(3) 4(3) 3(3)
C(2) 1729 (12) 3109 (16) 9181 (3) 49 (3) 57 (4) 63 (4) 5(3) -0 (3) 8 (3)
C(3) 4134 (12) 1994 (17) 9312 (3) 53 (3) 70 (4) 48 (3) 5(3) -2(3) 3(3)
C(4) 3667 (12) 120(17) 9096 (3)  S1(4) 66 (4) 63 (4) 4(3) 10 (3) 2 (4)
C(5) 2810 (13) S1(16) 8440 (3) 55 (4) 64 (4) 59 (4) 6 (3) 6 (3) 7(4)
C(6) 2027 (15) 1714 (17)  8235(3) 72 (4) 66 (4) 57 (4) 0 (4) 3(3) 7 (4)
C(7) 2336 (12) 3892 (16) 7563 (3) 55 (3) 78 (5) 54 (4) -6 (4) 6 (3) 0 (4)
C(8) 4821 (12) 4267 (18) 7228 (3) 54 (3) 80 (5) 62 (4) -1 (4) 15 (3) -6 (4)
C(9) 4364 (12) 4336 (17) 6549 (3) 52 (3) 79 (4) 61 (4) -2 (4) 10 (3) —1(4)
C(10) 6883 (12) 4408 (17) 6194 (3) 53 (3) 75 (4) 64 (4) 1(4) 10 (3) -3 (4)
C(11) 6443 (12) 4417 (18) 5517 (3) 54 (3) 77 (5) 67 (4) -1(4) 18 (3) 0(4)
C(12) 8973 (11) 4442 (16)  S157(3)  50(3) 70 (4) 69 (4) -1(4) 19 (3) 4(4)
C(13) 8543 (12) 4402 (18) 4479 (3) 51 (3) 86 (5) 64 (4) 8 (4) 14 (3) 4 (4)
C(14) 11079 (11) 4403 (17) 4133 (3)  47(3) 73 (4) 63 (4) -1(4) 12 (3) -2(4)
C(15) 10654 (12) 4368 (18) 3453 (3) 54 (3) 88 (5) 69 (4) 0(4) 16 (3) 3(4)
C(16) 13199 (14) 4320 (18) 3106 (3) 68 (4) 97 (6) 72 (5) -8 (5) 22 (4) 4(5)
o(1) 2974 (8) 3723 (14) 8186 (2) 50 (2) 69 (3) 48 (2) -7Q2) 1(2) 6 (2)
0(2) 2174 (9) 4854 (14) 9364 (2) 75 (3) 75 (4) 55 (3) 6 (3) -12(2) -73)
0(3) 4601 (10) 2003 (15) 9943 (2) 83 (3) 80 (4) 52 (2) 16 (3) -11(2) -10(3)
0(4) 6081 (7) —-818(15)  9152(2)  51(2) 76 (3) 62 (3) 10 (2) 9(2) 4(2)
0(5) 552 (8) 1185 (14)  8359(2) 46 (2) 66 (3) 59 (3) 2(2) 3(2) 4(2)
0(6) 113 (9) -2559 (14)  8585(2) 56 (3) 59 (3) 82 (3) -3(Q2) 13 (2) -5(3)

@ The expression is T = exp[—2m2(a*2U11h2 + b*2Uxk2 + c*2Us312 + 2a*b*U 2 hk + 2a*c*Ushl + 2b*c*Uqskl)].

crystal structure contains alternating layers of polar and
nonpolar regions. The packing of the hydrocarbon portion of
the molecules is not one of the commonly observed hydrocar-
bon packings, but rather a new type of long-chain hydrocarbon
packing.

Experimental Section

Crystals of 1, flat needles from anhydrous methanol, were kindly
provided by C. H. Paul. The space group and lattice parameters were
determined from Weissenberg and precession photographs and the
lattice parameters refined by a least-squares fitting of diffractometer
data for 12 reflections.

Crystal Data. C,¢H3,0¢; mol wt = 320.4; F(000) = 352; mono-
clinic;a = 5.153 £ 0,002 A, b = 7.626 + 0.004 A, ¢ = 22.125 + 0.007
A,3=90.95+0.04%V =869.3A3%d.=1.220gcm™3for Z = 2; dmy
=1.22 + 0.01 g cm~3 by flotation; linear absorption coefficient u (Cu
Ka) = 7.6 cm™1; systematic extinctions: 0k0 for k odd; space group
P2 (sz, no. 4).

A crystal measuring 0.5 X 0.25 X 0.06 mm was used for data col-
lection. Intensity data were collected at room temperature with Cu
Ka radiation on a Picker Corporation FACS-I four-circle diffracto-
meter. An w step scan technique designed by Cohen’ was used
employing 15 steps 0.04° apart and a counting time of 4 s for each step.
Three standard reflections were monitored every 125 reflections, and
no appreciable deterioration of the crystal was observed during data
collection. Step data for each reflection was fitted to a Gaussian curve
by the method of least-squares to produce background-corrected in-
tegrated intensities. Intensities for 1412 unique reflections were
measured within the 26 range 4 to 120°. The standard deviation of
the intensity ¢(/o) was assumed to be [T + (0.05 I9)?]!/2 where T is
the total counts recorded during the scan and /o is the background-
corrected integrated intensity, Those reflections which had back-
ground corrected intensities less than 4a(/o), 100 reflections in all,
were treated as unobserved and assigned an intensity of Iy + 4a(l;).
An empirical absorption correction was applied® and corrections were
made for Lorentz-polarization effects.

Structure Determination and Refinement. The structure was solved
by direct methods using MULTAN.” Normalized structure factors were
calculated from the 1312 observed data and the 197 E values greater
than 1.4 used to calculate an £ map. The reflections used to fix the
origin and enantiomorph were 2 1 6,3 1 4, and 2 2 13. The E map
showed a nine-carbon portion of the hydrocarbon chain with the chain
plane generally perpendicular to y. The structure solution was com-
pleted by tangent formula refinement based on the starting set of
phases obtained from the chain fragment.

Least-squares refinement was carried out with the x-ray system of
Stewart et al.8 on an IBM 360 computer; tlhe quantity minimized was
Zw(|Fo| — |Fc|)? where w = ¢=2(F,). On convergence of the re-
finement of the positions of the 22 atoms other than hydrogen, together
with their isotropic temperature factors, the residual was 14.7%. Even
though a difference map showed all of the hydrogen atoms along the
hydrocarbon chain and four of the hydrogen atoms on carbon atoms
of the sugar, all of the hydrogen atoms bonded to carbon were assigned
ideal positions, and refinement continued for four cycles. The residual
dropped to 10.3%, and a difference map was calculated to locate the
hydrogen atoms bonded to oxygen atoms. Coordinates of these four
hydrogen atoms were systematically determined as follows: A possible
hydrogen atom position was calculated 1.02 A from the oxygen atom
witha C-O-H angle of 105°. This position was then rotated around
the C-O bond at 5° intervals. The electron density at each of these
positions was calculated by interpolation from the eight surrounding
grid points. In addition, the distances and angles to possible hydro-
gen-bond acceptor atoms were calculated. With positions for these
four hydroxyl hydrogen atoms now assigned, refinement continued.
Hydrogen atoms were given the isotropic thermal parameters of the
atoms to which they are bonded. Atoms other than hydrogen were
given anisotropic temperature factors. Unobserved reflections were
omitted from the refinement as were four strong, low-order reflections
001, 011, 102, and 021. After three additional cycles of refinement,
the residual had dropped to 9.3% and parameter shifts were less than
0.5¢. The final atomic coordinates [with the D configuration at C(5)]
are given in Tables I and II, observed and calculated structure factors
have been deposited (see Supplementary Material).

Discussion of Results

Glucopyranose Ring. Figure 1 is a perspective view of the
glucopyranose ring. The ring has a chair conformation (*C)
similar to that observed in other compounds containing the
pyranose ring.” Bond distances and bond angles for the ring
atoms (other than hydrogen) are given in Table III. The ring
carbon-carbon bond distances in 1 are very similar to those in
other glucopyranosides;!%-12 however, the exocyclic C(5)-C(6)
bond distance is about 0.02 A shorter than any so far observed.
A shortening of the exocyclic C(5)-C(6) bond also occurs in
1-methyl a-D-glucopyranoside.!3 Fries et al.!? have attributed
this shortening either to the fact that the bond involves a pri-
mary and secondary carbon while the remainder of the ring
carbon atoms are secondary carbons, or to thermal motion of
the molecule. The latter explanation is more probable since

Moews, Knox [/ 1-Decyl a-p-Glucopyranoside Bilayer



6630

Table II.  Fractional Coordinates (X10%) of Hydrogen Atoms and Table III.  Bond Distances (A) and Angles (deg) in 1-Decyl a-D-
Isotropic Temperature Factors (X10%)4 Glucopyranoside®
Atom X y z U Bond lengths
H(C1) —68 361 845 54 C()-C(2)  1.515(10)  O(1)-C(7) 1.419 (8)
H(C2) 23 261 943 54 C(2)-C(3) 1.527(12)  C(7)-C(8) 1.516 (10)
H(C3) 571 251 910 52 C(3)-C(4) 1.525 (17) C(8)-C(9) 1.519 (10)
H(C4) 224 -42 935 55 C(4)-C(5) 1.511(10)  C(9)-C(10) 1.529 (9)
H(C5) 439 46 819 52 C(5)-C(6) 1474 (17)  C(10)-C(11)  1.511 (10)
H1(C6) 143 -166 780 65 C(5)-0(5) 1.459 (12)  C(11)-C(12)  1.540 (9)
H2(C6) 370 -252 826 65 0(5)-C(1) 1393 (16)  C(12)-C(13)  1.513 (10)
H1(C7) 146 275 742 66 C(1)-0(1) 1.416 (10)  C(13)-C(14)  1.525(9)
H2(C7) 103 490 752 66 C(2)-0(2) 1.408 (16)  C(14)-C(15)  1.519 (10)
H1(C8) 561 543 737 59 C(3)-0(3) 1.412 (8) C(15)-C(16)  1.530 (10)
H2(C8) 619 329 733 59 C(4)-0(4) 1.439 (11)
H1(C9) 337 321 643 65 C(6)-0(6)  1.419(11)
H2(C9) 330 539 646 65
H1(C10) 793 549 632 60 Valence angles
H2(C10) 803 331 631 60
HI(Cl1]) 537 333 540 73 0(5)-C(1)-C(2)  111.7(8) C(1)-O(1)-C(7) 112.9 (5)
H2(C11) 538 551 541 73 C(1)-C(2)-C(3)  109.3(7) O(1)-C(7)-C(8) 107.9 (5)
HI1(C12) 1005 552 528 58 C(2)-C(3)-C(4) 109.8 (7) C(7)-C(8)-C(9) 111.8 (5)
H2(C12) 1008 334 529 58 C(3)-C(4)-C(5)  112.1(9) C(8)-C(9)-C(10) 113.0 (5)
H1(C13) 748 329 437 69 C(4)-C(5)-0(5)  108.5(7) C(9)-C(10)-C(11)  113.2(5)
H2(C13) 747 548 436 69 C(5)-0(5)-C(1)  114.6 (6) C(10)-C(11)-C(12) 113.5(5)
H1(C14) 1216 549 425 59 C(11)-C(12)-C(13)  113.7(5)
H2(C14) 1218 331 426 59 0(5)-C(1)-0(1)  112.7(7) C(12)-C(13)-C(14) 112.6 (5)
HI(C15) 957 325 334 70 C(2)-C(1)-0(1) 106.5 (6) C(13)-C(14)-C(15) 112.7(5)
H2(C15) 958 544 333 70 C(1)-C(2)-0(2)  113.6 8) C(14)-C(15)-C(16) 112.7 (5)
HI1(C16) 1436 541 322 76 C(3)-C(2)-0(2) 110.1 (7)
H2(C16) 1435 323 324 76 C(2)-C(3)-0(3)  108.0 (7)
H3(C16) 1297 430 266 76 C(4)-C(3)-0(3) 109.8 (9)
H(O1) 129 558 903 63 C(3)-C(4)-0(4)  107.9 (7)
H(02) 450 69 1007 68 C(5)-C(4)-0(4)  107.7 (6)
H(03) 584 -170 951 57 C(4)-C(5)-C(6)  113.7(9)
H(04) -102 -157 874 64 0(5)-C(5)-C(6)  106.8 (7)
C(5)-C(6)-0(6) 115.9 (7)

@ The expression used is T = exp(—872U sin? §/A2).

c(1e)-C(@®) tj ’

Figure 1. Perspective view of the sugar ring in 1 with the 1-decyl side chain
omitted.

there seems no reason for the C(5)-C(6) bond to be shorter in
the decyl derivative than it is in the methyl derivative.

The two ring C-O bond distances are markedly dissimilar
while the anomeric C(1)-O(1) bond length is normal, This is
in agreement with the observation that while free sugars have
shortened anomeric bonds, glycosides substituted on the ano-
meric carbon do not have shortened anomeric bonds but in-
stead show dissimilar O(5)-C(5) and O(5)-C(1) bond dis-
tances.!415 The anomeric bond is somewhat shorter, however,
than the O-C bond to the side chain. The three exocyclic C-O
bond distances, excluding the anomeric bond, have a mean
value of 1.421 A in good agreement with previously reported
values,

4 Standard deviations are given in parentheses.

Table IV. A Comparison of Torsion Angles (deg) in the a-D-
Glucopyranoside Rings of a-D-Glucose,!” 1-Methyl a-D-
Glucopyranoside,!? and 1-Decyl a-D-Glucopyranoside

1-Methyl 1-Decyl

a-D- a-D-gluco-  a-D-gluco-

Atoms Glucose pyranoside pyranoside
O(5)C(1)-C(2)C(3) 54.1 58.2 56.5
C(1)C(2)-C(3)C(4) =512 —55.6 —52.8
C(2)C(3)-C(4)C(5) 53.2 54.2 53.8
C(3)C(4)-C(5)0(5) =575 —54.1 —54.1
C(4)C(5)-0O(5)C(1) 62.2 58.0 58.3
C(5)0(5)-C(1)C(2) —61.0 —60.1 —60.7
0(2)C(2)-C(1)O(1) 56.8 61.5 56.5
0(2)C(2)-C(3)0(3) 63.2 58.7 62.0
0(3)C(3)-C(4)0(4) —-65.4 -67.7 —69.1
0(4)C(4)-C(5)C(6) 62.9 64.3 68.7
O(5)C(5)-C(6)0O(6) -70.3 -73.5 —66.2
C(2)C(1)-O()C(N) —163.26 -175.6 -171.0
O(5)C(1)-0(1)C(7) 74.8% 63.0 66.2

a Zero angle is defined with front and rear bond superposed in
projection down middle bond. Angle is positive if right-hand rotation
of either bond is required for their superposition. # Calculated from
the position of the hydrogen atom which corresponds to C(7).

The torsion angles in 1 are given in Table IV, The angles
within the ring range from 53.4 to 61.1° and fall near the 55.8
to 61.7° range expected for an “ideal” sugar ring,'6 To see
whether the long hydrocarbon chain at O(1) influences the ring
conformation, the torsion angles are compared with the torsion
angles observed for unsubstituted a-D-glucose!” and 1-methyl
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Figure 2. (a) Molecular packing projected along the a axis. The two bilayers shown extend outward from the page. (b) Molecular packing projected along
b. The hydrocarbon subcell also appears in projection in this view. The subcell angle 8;, idealized to 90°, is actually 93°. Hydrogen atoms are not

shown.

a-D-glucopyranoside.!3 The intra-ring torsional angles for the
methyl and decyl derivatives are very similar and differ from
the values for a-D-glucose by about the same amount and in
the same direction; the largest difference (4°) is the torsion
about the C(5)-O(5) bond. Torsion angles involving the
extra-ring atoms of the substituted compounds differ by larger

amounts up to 8°, this difference being in the exocyclic
C(5)-C(6) bond, however. In the decyl sugar the O(2)C(2)
-C(1)O(1) torsional angle (56.5°) is markedly less than the
other decyl extra-ring torsional angles, an effect seen in glucose
but not in the methyl sugar. These torsional angles indicate that
the change from a methyl to a decyl substituent has little effect

Moews, Knox | 1-Decyl a-D-Glucopyranoside Bilayer
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Figure 3. A closer view of Figure 2a showing hydrogen bonds linking
the pyranoside heads of the molecules. The distances between oxygen
atoms are indicated. The O(6)-H-+O(4) hydrogen bond links two mole-
cules separated out of the page along a. Hydrocarbon chains (not shown)
lie horizontal.

Table V. Hydrogen-Bond Distances (A) and Angles (deg) with
Symmetry Code?

0(2)-H--0(6)(ii) 2.81% 1.82 162
0(3)-H--0(2) iii) 2.78¢ 2.20 113
O(4)-H--0(3)(iii) 2.63¢ 1.59 178
0(6)-H--0(4)(iv) 2785 1.85 151

aiyx,y.z;({yx,1+yz; {1 =-x,y=%h2=z;(v)x -1,y
z. b Hydrogen bonds within the polar surface (see text). ¢ Hydrogen
bonds bridging across two polar surfaces.

on the conformation of the sugar ring, with changes occurring
only in the exo- and extra-ring torsion angles.

Side Chain. The decyl side chain is fully extended and is
generally trans to ring carbon C(2). Except for carbon atom
C(7) nearest the ring, all carbon atoms in the chain are within
2° of the ideal trans configuration. The atom C(7) is 0.35 A
from the least-squares plane of the remaining chain carbon
atoms C(8-16), of which none deviate more than 0.05 A from
their common plane. The average C-C bond distance in the
chainis 1.522 A, and the average bond angle is 113°. The ether
angle at O(1) is 113°, which is 2° smaller than the angle at
O(5) within the ring. A large twist (15°) about the O(1)-C(7)
ether bond in the middle of the molecule may result from
stresses imposed on the molecule by hydrogen bonding at one
end and hydrocarbon packing at the other end.

Molecular Packing. The molecular arrangement in the
crystal is shown in Figure 2. The polar sugar rings are bound
together with hydrogen bonds while the decy! chains form a
close hydrocarbon packing in which all the zig-zag chain planes
are parallel (see below). The angle between the chain direction
and the crystallographic ¢ axis is 26° in the ac plane; the chain
is nearly perpendicular to the 4 axis. This room temperature
structure changes to a liquid crystalline structure at its me-
sophase transition point at 76 °C.4

Hydrogen Bonding. Hydrogen-bond dimensions are given
in Table V. All of the hydrogen atoms belonging to the hy-
droxyl oxygen atoms are involved in hydrogen bonds, and each
hydroxyl oxygen atom participates in two bonds; there are then
eight hydrogen bonds per molecule (Figure 3). Two types of
bond exist: four hydrogen bonds generally perpendicular to the
chains hold the long molecules side-by-side to form a two-
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Figure 4. The idealized monoclinic subcell viewed along the hydrocarbon
chain axis. Atom coordinates are given in the text. The CH, groups marked
+ are at the same height along ¢;. The dotted circles indicate the expected
intermolecular radius of a hydrogen atom, 1.17 A 20b

dimensional layer of sugar heads perpendicular to ¢; four other
hydrogen bonds generally parallel to the chains bridge across
two such sugar layers. Included in this latter set is the shortest
(2.63 A) and most linear (178°) of all the bonds, one between
O(4) and O(3) of another ring.

Hydrocarbon Packing and Subeell. Long-chain hydrocar-
bons pack in a number of ways; Abrahamsson'® and more re-
cently Larsson!® have reviewed crystallographic studies of
hydrocarbon chain packing. Kitaigorodskii2? has analyzed
possible stacking models of normal paraffins based on the re-
quirements of close packing. The different kinds of packing
have been described in terms of a “subcell” which describes
the symmetry only of the hydrocarbon chain portion of a larger
structure.?! An averaging of all inter- and intra-chain distances
is necessary, resulting in “idealized” subcell dimensions and
symmetry. At least six different packing types have been found:
Ty, My, Oy, Oy, O, and O’ , where symbols indicate the
lattice symmetry of the subcells and whether the individual
hydrocarbon chain planes are all parallel or whether every
second chain plane is perpendicular to the planes of the others.
The most widely occurring subcell is O | , first described by
Bunn,?2 with four methylene groups in an orthorhombic cell.
Another common structure is T} with two methylene groups
in a triclinic subcell.2? In both subcells the hydrocarbon chain
axes are parallel, but in O the chain plane of one molecule
is perpendicular to the plane of the neighboring molecule; in
T} all chain planes are parallel.

All of the chain planes are parallel in the crystal structure
of 1 (Figure 4), and the chain planes coincide to form equally
spaced layers normal to the crystallographic b direction.
Similar layers of hydrocarbon chain planes are observed in the
O’) packing of oleic acid?4 and in the M packing of 3-thia-
dodecanoic acid?’ and 1-monostearin.!®2 The parallel packing
of the decyl chain planes differs from the M) packing of the
planes in 3-thiadodecanoic acid in the relationship between
layers. In 3-thiadodecanoic acid a twofold screw axis is coin-
cident with each chain axis, while in 1 a twofold screw axis is
berween chain axes rather than coincident with each axis.
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The new subcell is outlined in Figure 2 and is best described
as a distorted monoclinic cell (unique axis ¢s) with idealized
dimensions: a; = 4.64 A, by =7.63 A, ¢, =2.54 A, and v, =
90° with ¢, lying along the chain direction and with b along
b of the main cell. The space group is P2y/m (Czx2, no. 11)
with four CH> groups per cell. The idealized subcell lattice with
Bs set equal to 90° is shown in Figure 4. The fractional xyz
coordinates of the two methylene groups in the asymmetric unit
are:

C(+) 0.259 0.250 3/4
C 0.440 0.250 1/4
H(+) 0.132 0.359 3/4
H(+) 0.132 0.141 3/4
H 0.567 0.359 1/4
H 0.567 0.141 1/4

Thee volume per CH> group (22.4 A3) is 5% less than that ob-
served in the other hydrocarbon chain packings mentioned
above. The average value for the inter-chain hydrogen contacts
calculated from these hydrogen positions is 2.38 A.

Bilayer Structure. These long molecules crystallize easily
to produce a bilayer structure in which the hydrocarbon chains
interweave between two polar surfaces. The nature of the
molecular packing invites speculation about which of two in-
teractions is dominant in stabilizing the bilayer: the hydro-
gen-bonded head-to-head interactions along the surface, or the
internal hydrophobic hydrocarbon interactions. Arguments
can be made in support of either. For example, the importance
of hydrogen bonding might be used to support the fact that the
3 anomer of 1 forms micelles less readily than 1.2 The hydrogen
bonding in the bilayer structure (Figure 2) must in someway
change if the sugar ring is moved to the 8 position of C(1); it
is not certain the hydrocarbon packing must change.

We have observed that in 1 the hydrocarbon packing appears
to be more “perfect” than the hydrogen-bonding network. That
is, each hydrocarbon tail is within 1.5° of parallelism with its
neighbors (Figure 2a); this parallelism is not required by space
group symmetry. Further, the packing of chains is very close,
giving a relatively small packing volume per CH; group. In
contrast, most of the hydrogen bonds at the polar surface are
severely bent from linearity. The single strong linear bond
bridges across two bilayers rather than stabilizes head-to-head
interactions within its own polar layer. Thus, in a real micelle
this hydrogen bond either would not exist or would extend to
a water molecule on the outside.

It should be cautioned that long-chain hydrocarbons can
exist in several polymorphic modifications which correspond

6633

to different three-dimensional packings.2°b-26 This means that
different hydrocarbon structures may differ by only small
amounts in their free energies and that small stresses may be
sufficient to form new packing structures. Thus, crystals of
compound 1 assume a liquid crystalline structure when the
temperature reaches 76 °C.* Isotropic melting does not occur
until 138 °C. The packing of the hydrocarbon chains in
membrane bilayers may well be influenced by similar stresses
to produce new structures which differ from any so far studied
crystallographically.

Supplementary Material Available: List of structure factors for
1-decyl a-D-glucopyranoside (10 pages). Ordering information is
given on any current masthead page.
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