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The Crystal Structure of N-(2-Hydroxyethyl)-octadecanamide
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N-(2-Hydroxyethyl)-octadecanamide (IV-stearo-
ylethanolamine) crystallizes in the space group
Pc with the cell constants a=47.588, b=4.886,
c=8.999 A and B=93.71°. There are two
molecules in the asymmetric unit but parts
of the hydrocarbon chains are related by a
pseudo centre of symmetry. The molecules are
V-shaped (131°) with a bend at the p-carbon
atom in the fatty acid chain. The molecules
are arranged in double layers and linked
together by one N—H---O and one O-H:.--O
hydrogen bond both running in the b axis
direction. The chain packing is of the ortho-
rhombic type Ol. The chain axes are tilted
by 55.5° to the end group planes.

N-Acylethanolamines of long-chain fatty acids
have been isolated from the non-saponifiable
lipid fraction of soya lecithin, peanuts and
egg yolk.! They were later also detected among
the lipids of bovine kidney.? It has not so far
been established with certainty whether N-
acylethanolamines as such are essential con-
stituents in cells, or if they are degradation
products possibly arising from sphingolipid
metabolism %* or by saponification of unknown
precursors. They may in part, also be mere
artifacts derived from cephalins during alkaline
treatment.®

Physicochemical investigations on membrane
lipids performed at this Department also
include systematical studies of the lipophilic
or polar parts of complex lipid molecules. Thus
the conformation and molecular packing of,
e.g., sphingolipid components such as sphingo-
sine,®  tetracosanoylphytosphingosine ? and
neuraminic acid ® have been established by
single crystal work. N-Acylethanolamines are
of interest in this context as both an amide

* To whom correspondence should be addressed.
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bound fatty acid and a hydroxyl group at
adjacent carbon atoms of an amino alcohol
are characteristic for ceramides which constitute
the lipophilic part of all sphingolipids.

CRYSTAL DATA

Molecular formulas  C,,H,;NO,; N-(2-hydroxy-
ethyl)-octadecanamide
Unit cell, monoclinic a=47.588(10),b = 4.886(2),

c=8.999(2) A, =93.71(2)°

14 2088.0 A3

Molecular weight  327.55

Z 4

D, 1.042 g cm™®

A 1.54051 A (CuKeo, radia-
tion)

Systematically absent

reflexions hOl I=2n+1

Space group Pc

EXPERIMENTAL

N-(2-Hydroxyethyl)-octadecanamide (IN-ste-
aroylethanolamine),

CH,— (CH,),;,— CO — NH — CH, — CH, — OH,

was synthesized by selective N-acylation of
ethanolamine with p-nitrophenyloctadecanoate.
The compound crystallizes from acetone in
elongated prisms which on heating undergo
a phase transition at 78 — 84 °C. DPT-diagrams *
show an increase of long-spacings from
47.6 to 50.5 A and a transition of the chain
packing from orthorhombic O |_to hexagonal,
indicated by a broad short-spacing line at
4.16 A. On further heating the crystals melt
abruptly at 103.2—103.4°C.

* Diffraction pattern recorded continuously as
a function of temperature.
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A single crystal with dimensions 0.04 x 0.44 x
0.39 mm was mounted along the b axis. Data
were collected on a Picker FACS I automatic
diffractometer using graphite monochromated
CuKa radiation. The 6—20 scanning mode
was used to measure the reflexions at a scanning
rate of 2° min~! and a scan width of 2.75 degrees.
10 s background counts were taken at both
ends of the scan range for each reflexion. A total
of 2622 reflexions having 26 less than 110° were
recorded. 728 of these intensities were less
than 2¢ above background and excluded from
the calculations.

Corrections for the Lorentz and polarization
effects were applied but not for absorption.

STRUCTURE DETERMINATION
AND REFINEMENT

The Weissenberg photographs as well as the
diffractometer data showed that the crystals
were monoclinic with a c-glide plane. However,
it was not clear if 0k0 reflexions with k odd were
absent. A Wilson plot was calculated from
which it was not possible to decide whether
the space group was centric or acentric. The
unit cell contained four molecules and initially
the space group was assumed to be P2,/c.

From a sharpened three-dimensional Patter-
son synthesis the carbon chain direction was
clearly shown. With the information given in the
Patterson map the carbon atoms in the fatty
acid chain were located and structure factor
and electron density calculations were per-
formed. The R-factor was around 0.5, but the
individual agreement between observed and
calculated structure factors indicated that the
chain was correctly placed. However, it was
impossible to locate the rest of the atoms.
It was therefore assumed that the molecules
crystallized in the acentric space group Pc
with two independent molecules in the asym-
metric unit. The carbon atoms in the fatty acid
chain in the second molecule were given posi-
tions ag if a symmetry centre existed as it was
considered that the deviations from P2,/c were
due to the polar part. From the next}few
Fourier syntheses the missing atoms were
easily located. It was hereby found that only
15 of the atoms of the fatty acid chain were
related by the non-crystallographic centre of
symmetry and that these atoms corresponded
to different chain parts in related molecules.
After three cycles of block-diagonal refinement

Fig. 1. Bond lengths and angles.

varying the positional parameters and the
isotropic temperature factors for all 46 atoms
the R-factor was 0.16.
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Table 1. Fractional atomic coordinates with
standard deviations for the non-hydrogen
atoms.

@ y z
Molecule A

c(1) 0.075(1) 0.311(3) 0.445(3)
C(2) 0.097(1) 0.209(3) 0.340(3)
C(3) 0.126(1) 0.328(3) 0.379(3)
C(4) 0.139(1) 0.204(3) 0.525(3)
C(5) 0.169(1) 0.315(3) 0.564(3)
C(6) 0.183(1) 0.196(3) 0.702(3)
(1) 0.213(1) 0.315(3) 0.739(3)
C(8) 0.227(1) 0.190(3) 0.876(3)
C(9) 0.256(1) 0.314(3) 0.916(3)
C(10) 0.272(1) 0.193(3) 1.053(3)
c(11) 0.301(1) 0.312(3) 1.091(3)
C(12) 0.317(1) 0.189(3) 1.234(3)
C(13) 0.346(1) 0.317(3) 1.261(3)
C(14) 0.362(1) 0.188(3) 1.402(3)
C(15) 0.389(1) 0.309(3) 1.437(3)
C(16) 0.407(1) 0.193(3) 1.574(3)
c(17) 0.435(1) 0.307(3) 1.606(3)
C(18) 0.451(1) 0.196(4) 1.741(3)
C(19) 0.039(1) 0.178(3) 0.606(3)
C(20) 0.011(1) 0.244(4) 0.531(3)
N(1) 0.060(1) 0.120(2) 0.506(3)
o(1) 0.072(1) 0.550(2) 0.470(3)
0(2) —0.009(1) 0.298(3) 0.641(3)
Molecule B

C(1) 0.883(1) 0.201(2) 1.369(3)
C(2) 0.862(1) 0.289(2) 1.470(3)
C(3) 0.833(1) 0.185(3) 1.425(3)
C(4) 0.819(1) 0.297(2) 1.284(3)
C(5) 0.791(1) 0.190(2) 1.246(3)
C(6) 0.775(1) 0.309(2) 1.103(3)
C(7) 0.747(1) 0.195(3) 1.068(3)
C(8) 0.730(1) 0.307(3) 0.928(3)
C(9) 0.702(1) 0.196(2) 0.892(3)
C(10) 0.686(1) 0.312(3) 0.754(3)
c(11) 0.658(1) 0.197(2) 0.719(3)
C(12) 0.643(1) 0.309(2) 0.585(3)
C(13) 0.614(1) 0.197(3) 0.543(3)
C(14) 0.599(1) 0.306(3) 0.407(3)
C(15) 0.568(1) 0.196(3) 0.375(3)
C(16) 0.554(1) 0.310(3) 0.236(3)
c(17) 0.524(1) 0.189(4) 0.203(3)
C(18) 0.510(1) 0.309(5) 0.065(3)
C(19) 0.921(1) 0.337(3) 1.200(3)
C(20) 0.948(1) 0.256(4) 1.291(3)
N(1) 0.899(1) 0.393(2) 1.308(3)
o(1) 0.887(1)  —0.047(2) 1.336(3)
0(2) 0.969(1) 0.199(2) 1.182(3)

A Fourier difference synthesis was then
calculated from which all hydrogens except
H 17 in molecule A (Fig. 1) were located. The
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hydrogen atoms were included in the calcula-
tions and given the same isotropic temperature
factor as the parent atom. Due to the large
number of atoms in relation to the number
of reflexions only the hydrogen atoms attached
to the oxygen and nitrogen atoms were refined.
(The positions of the remaining hydrogen atoms
were, however, redetermined from a difference
map at the end of the refinement).

In the block-diagonal refinement anisotropic
temperature factors for all non-hydrogen atoms
were used lowering the R-value to 0.09. A
Fourier difference map now revealed the
missing hydrogen atom, whereafter the structure
was refined with full matrix methods. At first
the two molecules were refined in separate
runs due to the large number of parameters.
However, as parts of the molecules are related
by non-crystallographic symmetry the refine-
ment did not proceed satisfactorily. A bond
distance in one molecule is thus too long while
the corresponding distance in the second mole-
cule is too short. The parameters were then
manually adjusted and for a few cycles all
positional parameters were refined simultane-
ously using the full matrix. This, however,
gave similar results as before. The refinement
was terminated at an R-value of 0.067. Indi-
vidual distances and angles deviate, for the
above mentioned reasons, seemingly consider-
ably from the normal values but this is not
significant as the standard deviations are large.
No programs allowing constrained refinement
were available.

Atomic scattering factors for carbon, nitrogen
and oxygen atoms were taken from JInter-
national Tables for X-Ray Crystallography,®
while for hydrogen atoms the values given by
Stewart, Davidson and Simpson !* were used.

All calculations have been performed on a
Datasaab D21 —-PDP 15 dual computer with
the program system developed at this Depart-
ment.

DESCRIPTION OF THE STRUCTURE

The positional parameters are given in Tables
1, 2 and 3. Interatomic distances and angles
are given in Fig. 1 where the atomic numbering
is also indicated. The mean C— C bond distance
in the fatty acid chain is 1.51 A and the mean
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Table 2. Anisotropic thermal parameters in the form exp[ — 2n3(h*a*2U,, + k*b*2 U, + 12c%2 U, +
2klb*c* U gy + 2lha*c* Uy, + 2hka*b* U ,,)]. Standard deviations are given in parentheses. All values
have been multiplied by 102,

Ull U22 Uaa Uza USI U12

Molecule A

C(1) 30(5) 61(6) 26(4) ~11(4) - 7(3) 1(5)
C(2) 41(6) 51(5) 36(4) 10(4) —~20(4) 28(5)
C(3) 31(5) 59(5) 35(4) 23(4) —6(4) -1(4)
C(4) 31(6) 66(6) 45(5) —1(4) —13(4) 11(5)
C(5) 25(5) 64(6) 40(4) —9(4) — 5(4) 3(4)
C(6) 30(6) 58(5) 45(5) —17(4) —13(4) 26(5)
C(7) 22(5) 44(5) 57(5) 0(4) 2(4) —7(4)
C(8) 23(5) 50(5) 40(5) 8(4) —5(4) — 5(4)
C(9) 53(7) 68(6) 22(4) —15(4) —4(4) 6(5)
C(10) 54(8) 51(5) 47(5) 2(5) —8(5) —14(5)
C(11) 20(5) 62(5) 46(5) —2(4) —16(4) —7(4)
C(12) 67(8) 61(6) 39(5) —18(4) —19(5) 6(6)
C(13) 49(7) 57(5) 53(5) —6(5) —13(5) —3(5)
C(14) 35(6) 56(5) 41(5) —8(4) —13(4) —7(4)
C(15) 63(7) 57(5) 50(5) —2(5) —12(5) 1(5)
C(16) 82(8) 57(6) 38(5) 2(4) —15(5) —9(6)
C(17) 67(6) 67(6) 42(5) 1(5) —4(4) —9(5)
C(18) 66(8) 99(9) 71(7) 6(6) — 38(6) 6(7)
C(19) 41(7) 44(5) 63(6) 14(5) 8(5) —4(5)
C(20) 58(8) 73(7) 58(6) 13(5) 9(6) 8(6)
N(1) 29(4) 30(4) 61(5) 6(4) 5(3) 7(4)
0O(1) 68(5) 12(3) 104(5) —-20(3) 8(4) —10(3)
0(2) 84(6) 68(6) 184(9) 14(6) 65(6) 18(5)
Molecule B

C(1) 51(5) 9(3) 61(5) 2(3) —2(4) 1(3)
C(2) 71(6) 37(4) 36(4) —18(3) 3(4) —31(4)
C(3) 46(4) 36(4) 45(4) —6(3) 5(3) 3(3)
C(4) 55(5) 19(3) 38(4) 1(3) -1(3) —6(3)
C(5) 59(5) 28(3) 41(4) 11(3) 2(3) 3(3)
C(6) 67(5) 24(3) 43(4) 7(3) 3(4) —21(3)
C(7) 68(6) 43(4) 31(4) 0(3) —9(4) 4(4)
C(8) 56(5) 39(4) 47(4) —5(3) 1(4) 2(4)
C(9) 39(4) 26(3) 51(4) 12(3) —-1(3) —8(3)
C(10) 31(4) 37(4) 45(4) 2(3) - 6(3) 10(3)
C(11) 67(5) . 31(4) 44(4) 8(3) 6(4) 8(4)
C(12) 30(4) 33(3) 51(4) 14(3) 3(3) —4(3)
C(13) 50(5) 43(4) 37(4) 7(3) —4(3) 3(3)
C(14) 55(5) 43(4) 55(4) 1(4) —6(4) 7(4)
C(15) 41(4) 47(4) 55(4) 2(4) —14(3) 6(4)
C(16) 39(4) 49(4) 66(5) 5(4) —17(4) 10(4)
C(17) 53(5) 83(7) 81(6) —5(5) —24(5) 3(5)
C(18) 53(6) 116(8) 75(6) 8(6) —11(5) 5(6)
C(19) 82(8) 64(6) 60(5) —5(4) —13(5) 14(5)
C(20) 64(6) 82(7) 132(9) 23(6) 31(6) 3(5)
N(1) 73(5) 21(3) 71(4) —16(3) 17(3) 3(3)
O(1) 76(4) 33(3) 74(3) 6(3) 11(3) 18(3)
0(2) 58(4) 69(5) “109(5) —5(4) 38(4) —9(4)

C—C—C angle is 114°. These values are in good
agreement with those previously found in
long-chain compounds.’! The mean C-—H
bond distance is 0.96 A and the mean angle

involving hydrogen atoms is 108°. The indi-
vidual deviations from the average values are
quite large as these hydrogen atoms were
located from the difference synthesis and their

Acta Chem. Scand. A 31 (1977) No. 4



N-(2-Hydroxyethyl)-octadecanamide 317

Table 3. Fractional atomic coordinates and isotropic temperature factors for the hydrogen atoms.

Molecule A Molecule B
x y z B(A) =z ¥ 2 B(A)
H(21) 0.096 - 0.018 0.339 3.5 0.868 0.238 1.584 3.4
H(22) 0.087 0.265 0.248 3.5 0.860 0.482 | 1.484 3.4
H(31) 0.137 0.290 0.317 3.3 0.835 -0.028 1.421 3.3
H(32) 0.121 0.523 0.406 3.3 0.818 0.214 1.503 3.3
H(41) 0.122 0.248 0.603 3.8 0.816 0.498 1.301 2.9
H(42) 0.138 0.002 0.522 3.8 0.835 0.259 1.223 2.9
H(51) 0.180 0.288 0.495 3.6 0.790 0.001 1.245 3.2
H(52) 0.165 0.497 0.581 3.6 0.776 0.216 1.330 3.2
H(61) 0.164 0.213 0.793 3.8 0.771 0.494 1.124 3.0
H(62) 0.184 0.005 0.698 3.8 0.791 - 0.280 1.035 3.0
H(71) 0.224 0.298 0.670 3.5 0.746 —0.009 1.065 3.6
H(72) 0.210 0.506 0.760 3.5 0.730 0.204 1.151 3.6
H(81) 0.213 0.216 0.956 3.1 0.728 0.494 0.948 3.8
H(82) 0.227 0.007 0.877 3.1 0.742 0.291 0.872 3.8
H(91) 0.267 0.298 0.852 3.5 0.702 —0.018 0.889 2.9
H(92) 0.253 0.505 0.935 3.5 0.689 0.208 0.973 2.9
H(101) 0.256 0.222 1.333 4.3 0.684 0.497 0.778 2.9
H(102) 0.272 -0.010 1.050 4.3 0.700 0.277 0.692 2.9
H(111) 0.311 0.301 1.018 3.8 0.659 —0.015 0.717 3.5
H(112) 0.297 0.504 1.104 3.8 0.644 0.209 0.807 3.5
H(121) 0.303 0.208 1.301 4.2 0.640 0.504 0.601 3.2
H(122) 0.316 —-0.006 1.221 4.2 0.653 0.291 0.519 3.2
H(131) 0.355 0.296 1.192 4.1 0.613 —0.006 0.537 34
H(132) 0.342 0.506 1.283 4.1 0.600 0.214 0.633 3.4
H(141) 0.347 0.227 1.486 3.5 0.594 0.483 0.427 4.1
H(142) 0.362 0.003 1.402 3.5 0.608 0.275 0.339 4.1
H(151) 0.402 0.283 1.363 4.3 0.568 0.026 0.371 3.8
H(152) 0.385 0.482 1.452 4.3 0.5563 0.223 0.452 3.8
H(161) 0.391 0.220 1.665 4.4 0.549 0.478 0.256 4.2
H(162) 0.406 0.004 1.565 4.4 0.565 0.267 0.161 4.2
H(171) 0.445 0.272 1.538 4.3 0.525 —0.005 0.199 5.5
H(172) 0.430 0.509 1.624 4.3 0.510 0.226 0.284 5.5
H(181) 0.450 —-0.003 1.755 6.2 0.518 0.291 —0.009 6.2
H(182) 0.439 0.195 1.831 6.2 0.505 0.475 0.070 6.2
H(183) 0.466 0.271 1.763 6.2 0.489 0.221 0.059 6.2
H(191) 0.044 0.318 0.685 4.3 0.914 0.456 1.148 5.3
H(192) 0.042 0.038 0.678 5.3 0.912 0.192 1.140 5.3
H(201) 0.008 0.027 0.481 5.3 0.944 0.084 1.339 6.7
H(202) 0.011 0.406 0.484 5.3 0.949 0.460 1.343 6.7
H(24) —0014(2) 0.085(22) 0.706(10) 8.2(2.4) 0.976(1)  0.340(14) 1.187(7) 1.6(1.6)
H(17)  0.067(2) —0.019(20) 0.510(10) 2.6(2.6) 0.067(2) —0.019(16) 0.510(7) 2.6(1.5)

positions never refined. The same mean values
were obtained in 13-oxoisostearic acid ! in
which case the hydrogen atoms were included
in the least-squares refinement.

The molecules are V-shaped with a sharp
bend at C(2). The equations for the least-
squares plane through the fatty acid chains
are given in Table 4, with the out of plane
deviations. The chains are planar from C(4) to
C(18) within 0.032 and 0.036 A in molecule A
and B, respectively. C(2) and C(3) deviate
0.061—10.093 A from these planes.
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The plane through N(1), O(1), C(1) and C(2)
forms an angle with the hydrocarbon chain
plane of 84° in both molecules and intersects
the ethanol end group plane [the plane through
N(1), C(19), C(20) and O(2)] at an angle of
85 and 82° in molecule A and B, respectively.
The amide plane is thus almost perpendicular
to the carbon chain planes. By this arrangement
adjacent amide planes are as close as 3.2 A
If, on the other hand, the amide planes were
parallel to the. ac-plane, this distance would,
of course, be 4.89 A.
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Table 4. The best least-squares planes through
the stearoyl chains. The planes are calculated
from C(4) to C(18). The plane equations are

—0.9563X +0.1592Y +0.2454Z — 0.0285=0
and
—0.9556X +0.1657Y + 0.2439Z + 0.4205=0

in molecule A and B, respectively. The equations
are expressed in terms of the crystal axes.

Deviations from the plane (A)

Molecule A Molecule B
C(4) —0.007 0.036
C(5) —-0.032 0.012
C(6) —0.004 0.005
c(7) —0.009 —0.010
C(8) —0.008 0.001
C(9) 0.023 —0.006
C(10) 0.019 0.008
c(11) 0.018 —0.008
C(12) 0.031 0.006
C(13) 0.018 —~0.026
C(14) —~0.010 —0.031
C(15) 0.021 0.027
C(16) —0.009 —0.001
c(17) —0.031 0.005
C(18) —0.021 0.012
C(1) 1.271 -1.190
C(2) —0.094 0.072
C(3) —0.074 0.061

The fatty acid chains are tilted by 55.5°
towards the methyl end group contact planes
and thus allow a good packing at the polar
part of the molecules. In unbranched long-
chain compounds the corresponding angle is
about 60°.12

The opening angle formed by the fatty
acid chain and the direction of maximum
extension of the ethanol end group is about

(a)

(b)

Table 5. The geometry of the hydrogen bonds.

N(DA---O(1)A ( 0,—1, 0)14 2874
N(1)A-H(1T)A ( 0, 0, 0)1 0.76
H(17)A---O(1)A ( 0,—1, 0)1 2.15
N(1)B---O(1)B ( 0, 1, 0)1 2.80
N(1)B~H(17)B ( 0, 0, 0)1 0.87
H(17)B---0(1)B (0, 1, 0)1 2.01
0(2)A:-+0(2)B (-1, 0,—1)2 2.69
0O(2)A---0(2)B (-1, 1,—-1)2 2.72
0(2)A—H(24)A ( 0, 0, 0)1 1.22
O(2)A---H(24)B (=1, 1,—1)2 1.97
0(2)B---H(24)A ( 1,—-1, 1)2 1.63
0(2)B—H(24)B (0, 0, 0) 0.77
0O(2)A—H(24)A---0(2)B 141°
0O(2)A---H(24)B— 0(2)B 164°

% The numbers in parentheses indicate transla-
tions in the directions a, b and c¢. The 1 or 2 following
refer to the equivalent positions x, y, zand z, 7, $+ 2.

131°. The molecular conformation at the
C(1)—-C(2) bond is shown in Fig. 2. As a com-
parison the torsion angles at the corresponding
bond in tetracosanoylphytosphingosine are
also given.

The molecular packing projected on the
(0 1 0) plane is illustrated in Fig. 3. The mole-
cules are arranged head to head in double
layers. They are linked together by two hy-
drogen bonds running in the b axis direction,
one connecting molecules within the layers
and the other between molecules in different
layers. The existence of these hydrogen bonds
was also confirmed by the characteristic shifts
in the infrared spectrum of the compound in the
solid state as compared to that in solution.
The geometry around the hydrogen bonds
is given in Table 5 and a detailed picture of the

121°

2N ‘l
nm; 5 , Hezi)
-

Ni) s Tgge

(c)

Fig. 2. The conformation around the first bond in the fatty acid chain in (a) molecule A, (b) mole-
cule B in N-(2-hydroxyethyl)-octadecanamide, (c) tetracosanoylphytosphingosine.

Acta Chem. Scand. A 31 (1977) No. 4
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Fig. 3. The molecular packing seen along the b axis.

packing at the polar part in Fig. 4. The N:--O
hydrogen bond distances are 2.87 and 2.80 A
respectively. Reported values for N---O contacts
in other long-chain compounds are 2.80 A in
triacetylsphingosine 1 and 2.98 A in tetra-
cosanoylphytosphingosine.

The other hydrogen bond connects the
hydroxyl oxygens in molecule A and molecule B
so that every oxygen atom takes part in two
hydrogen bonds running almost parallel to the
b axis. A similar arrangement of hydrogen
bonded hydroxyl oxygens has been found in
11-bromoundecanol.!* The O---O contacts are
2.69 and 2.72 A, respectively, which are in
good agreement with those found in tetra-
cosanoylphytosphingosine. The arrangement

in the van der Waals contact planes is shown
in Fig. 5. The shortest methyl carbon contact
is 3.95 A. The closest interlayer hydrogen-
hydrogen contacts are H(183)A---H(183)B and
H(181)A---H(183)B (in the molecule symmetry
related by a glide plane) which are 2.83 and
2.85 A, respectively.

The hydrocarbon chains pack according to
the common orthorhombic subcell packing
(O01).® The subcell dimensions are a,=4.89,
by="17.43, ¢,=2.55 A and the volume per CH,
group is 23.2 As,

Fig. 4. The polar contact region viewed along Fig. 5. The methyl end group contacts as

the b axis with the shorter intermolecular
contacts indicated.

Acta Chem. Scand. A 31 (1977) No. 4

seen along the b axis with the shorter hydrogen-
hydrogen interactions given.
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