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The Crystal Structure of the 1,3-Diglyceride of 11-Bromoundecanoic Acid
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The symmetric diglyceride of 11-bromoundecanoic acid, C2sH4sBr20s (DBU), was crystallized from
chloroform showing a tabular monoclinic aspect and having space group C2/c, with unit-cell dimensions
a=936, b=5-58, c=754-53 A, f=90-40° and with Z=4. The structure was determined by a three-dimen-
sional X-ray diffraction analysis. Data were collected with a General Electric XRD-6 manual diffrac-
tometer and nickel-filtered Cu Ka radiation. The structure was solved by the heavy atom method.
Block-diagonal least-squares refinement led to an R of 0-09. A pseudo twofold axis of molecular sym-
metry is utilized as a statistical axis of symmetry by the space group. The two hydrocarbon chain tails
in the molecule point in opposite directions and are packed in layers with the chain axis parallel. The
direction of the chain tilt, however, alternates in successive layers.

Introduction

Several rather detailed models (O’Brien, 1965; Vanden-
heuvel, 1963) for the unit membrane (Robertson, 1959;
Korn, 1966) have been postulated. Most of these mod-
els incorporate the Finean (1967) conformations for
the phospholipids in which the two fatty acid chains
are folded in a parallel orientation. Because very few
relevant single-crystal structure results have been re-
ported for diacyl compounds, we have undertaken a
series of crystallographic studies with the purpose of

establishing experimentally the stable crystal confor-
mation of these molecules.

We chose to begin our studies using the simple syn-
thetic diacyl derivatives of 11-bromoundecanoic acid
in order to have a heavy atom present in the structure.
From the similarities in long spacing and polymor-
phism (Finean, 1967) between the diglycerides and the
phospholipids it is clear that the hydrocarbon chain
packing has a dominating influence. We may expect
conformational similarities in the chain structure be-
tween the diglycerides and the diacyl phospholipids.
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It is very difficult to grow single crystals of diacyl
phospholipids suitable for X-ray work; we have there-
fore performed a structure determination of the hydro-
phobic moiety. The purpose of these studies is, first, to
elucidate the molecular conformations and, second, to
provide accurate dimensional information for the gly
cerol region of the molecule. :

Experimental

We had intended to prepare the 1,2-diglyceride follow-
ing the procedures of Howe & Malkin (1951). The
X-ray analysis, however, showed that the diglyceride
obtained from our synthesis was the symmetric one.
Tabular crystals for X-ray work were grown from
chloroform by very slow evaporation over a period of
about two weeks. The {001} form is well developed.
The crystals are elongated along b. The melting point
of single crystals observed on a hot stage ranges be-
tween 47-5 and 49°C.

Crystals of the 1,3-diglyceride of 11-bromounde-
canoic acid (DBU) are monoclinic with a=9-36(2),
b=5-58(1), c=54-53(5) A, B=90-40(8)° and r=27(4)°.
The confidence limits cited are subjective estimates.
The space group is C2/c with four molecules per
unit cell. A pseudo twofold axis of molecular
symmetry is utilized as a statistical axis of sym-
metry by the space group. The observed density is
1-366 g.cm=3 (by flotation in aqueous potassium iodide
solution); the calculated density is 1:368 g.cm™3.

Intensity data were collected using a manually oper-
ated General Electric XRD-6 single crystal orienter
system. Nickel filtered Cu Ko radiation (1=1-5418)
scattered by the crystal with the b axis mounted coin-
¢ident with the ¢ axis was detected by a scintillation
counter with a pulse height analyzer system. The sta-
tionary-crystal stationary-counter technique was used
with a take-off angle of 5°. Peak counts were observed
for forty seconds; background counts were observed
for twenty seconds at a point —1-67° in 26.

The diffractometer angles for the 0,6,0, 10,0,0 and
0,0,56 reflections, obtained at a 1° take-off angle, were
input to a modified version of the SCO-6 program
(D. E. Williams, private communication) to compute
the transformation matrix, the unit-cell parameters and
the setting angles for the other reflections. Periodic
checks showed that the reflections were well centered
in the diffracted beam collimator.

Owing to a deterioration of the crystal in the X-ray
beam, four crystals were needed to collect a full set of
three-dimensional intensity data. Intensity data were
gathered in zones of constant k. A set of 69 standard
reflections was collected before beginning each zone.
This set of standard reflections contained a represen-
tative sampling from the three-dimensional data set.
The set was used for providing correlation factors
between the different crystals and also for the intensity
decline correction. A set of four standard reflections
was used to further monitor the intensity decay of each
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crystal. The 222 reflection was measured after each
group of 25 data reflections, the 040 and the 600 were
observed after groups of 50 data reflections and the
0,0,56 was observed after groups of 75 data reflections.

3675 serially recorded observations including redun-
dancies due to the standard and scaling reflections were
corrected for approximately linear intensity decline
using the expression:

1(j) =I'GUE@/[1-0+SE)(—Jo(m)]}
where

I(j) =the intensity value corrected for ‘linear’ decay;
I'(j)=the uncorrected intensity for observation j;
K(n) =the scaling ratio between crystal # and crystal

S(n) =the fractional intensity decline per observa-
tion;

Jo(n)=the value of j for the first observation on crys-
tal n.

The following values were used:

n K@) S(n) Jo(n)
1 1-000 0-000445 1
2 0-746 0-000542 610
3 0-680 0-000244 1086
4 0-649 0-000277 2442

The deterioration did not show a detectable 26 depen-
dence. The multiple values for the 69 scaling and 4
standard reflections were averaged to remove redun-
dancies.

The total counts were corrected for counting losses
assuming a time constant of 5x 1076, They were then
corrected for background and linear decline. A conver-
sion from peak intensity to integrated intensity was
made according to the procedures of Alexander &
Smith (1962). Lorentz and polarization corrections
were made. No corrections were made for absorption
or extinction. The standard deviation of the intensity
was computed according to the formula:

o(I)={Ct+ Cp+[0-05(C¢ — Cp)]2+ (0-05Cp)?}1/2,

where Ci=total counts and Cp=background counts.
A reflection was designated as unobserved if its inten-
sity was less than or equal to two times &(Z). 2100 re-
flections of the 2722 unique reflections measured were
designated as observed, and 622 were designated as
unobserved. 56 of the observed reflections were omitted
in the final least-squares cycle owing to either absorp-
tion, extinction or probable SCO angle setting errors.

The lipid nature of the crystals precludes grinding
spherical shapes. When intensity deterioration requires
the use of multiple crystals, the usefulness of semi-
empirical methods for absorption correction is limited
since precious time is needed to make accurate meas-
urement of the transmission surface for a series of axial
reflections. Although the crystals are plate-like, they
are usually irregular; nevertheless, the best method for
making absorption corrections appears to be the com-



Table 1. Fractional atomic coordinates and thermal parameters with standard deviations in parentheses
The anisotropic coefficients have the form: exp [— (B11h2 + B22k2 + B3312 + Brahk + Bishi + BaskD)].

AC27IB-8

B2
—0-00399 (6)

—0:00517 (59)
—0-00176 (43)
—0-00251 (47)
—0-00237 (43)
—0-00160 (42)
—0-00213 (42)
—0-00188 (44)
—0-00165 (40)
—0-00181 (40)
—0-00126 (43)
—0-00089 (37)
—0-00591 (43)
—0-00307 (31)
—0-00166 (41)

B3
0-00029 (3)

B2
—0-0229 (4)

—0-0114 (31)
—0-0066 (27)
—0-0042 (26)
—0-0038 (25)
—0-0047 (24)
—0-0021 (24)
—0-0050 (26)
—0-0038 (23)
—0-0026 (24)
—0-0031 (24)

B33
0-00047 (0)

0-00050 (3)

B22
0-0564 (4)

Bu
00216 (1)

z/e
0:01973 (1)

ylb
—00312 (2)

x/a
—0-1886 (1)
—0:0645 (7)
—0-1355 (7)
~0-0314 (7)
—0-1037 (7)
—0-0005 (6)
—0-0714 (6)

>
o
w
m

0-00000 (0)
—0-00080 (54)

0-00024 (23)
0-00021 (20)
0-00068 (20)
0-00053 (20)
0-00024 (19)
0-00023 (18)
0-00032 (18)
—0-00005 (18)
—0-00000 (18)
—0-00001 (17)
0-00022 (16)
0-00001 (14)
—0-00042 (13)
0-00031 (18)
0-00069 (25)
—0-00044 (24)

0-0005 (23)
0-0032 (21)
0-0059 (18)
—0-0006 (24)
0-0000 (0)
—0-0035 (34)

0-00033 (2)
0-00039 (2)
0-00037 (2)
0-00037 (2)
0-00035 (2)
0-00032 (2)
0-00031 (2)
0-00031 (2)
0-00033 (2)
0-00026 (2)
0:00052 (2)
0-00039 (1)
0-00031 (2)
0-00024 (2)
0-00028 (2)

0-0597 (40)
0-0411 (26)
00433 (31)
0-0396 (27)
0-0391 (28)
0-0394 (27)
0-0483 (29)
0-0418 (27)
0-0396 (26)
0-0462 (29)
0-0372 (24)
0-0726 (31)
0-0471 (21)
0-0434 (28)
0-0361 (35)
0-0385 (33)

0-0128 (8)
0-0140 (8)
0-0134 (8)
0-0125 (7)
0-0119 (7)
0-0114 (7)
0-0111 (7)
0-0113 (7)
0-0115 (7)
0-0101 (7)
0-0111 (7)
0-0087 (5)
0-0109 (5)
0-0115 (7)
0-0139 (11)
0-0126 (10)

0-03441 (13)
0-05485 (11)
0-06743 (11)
0-08755 (11)
0-10146 (11)
0-12082 (11)
0-13545 (10)
0-15360 (10)
0-16925 (10)
0-18641 (10)
0-20365 (9)

0-20574 (8)

021755 (7)

0-23506 (10)
0-25000 (0)

0-26259 (13)

0-2107 (17)
0-3415 (14)
0-5093 (13)
0-6595 (14)
0-8207 (13)
0-9738 (13)
11284 (15)
1-2943 (13)
1-4363 (13)
1-6092 (14)
1-7322 (12)
1-6965 (12)
1-8932 (10)
2-0230 (13)
2:1743 (18)
2-3467 (18)

0-0316 (6)
—0-0412 (6)
0-0621 (6)
—0-0133 (6)
0-0867 (6)
02124 (4)
0-0187 (4)
0-1037 (6)
0-0000 (0)
00586 (8)

cay
C(10)
C(9)
C(8)
c(7)
C(6)
C(5)
C(4)
Cc(3)
CcQ2)
c()
~O-
GC(1)
GC(2)
GO(2)

Br
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putation of the absorption correction factors, A*, util-
izing the crystal shapes. Unfortunately we did not make
sufficiently accurate measurements in the case of DBU.
Furthermore it would seem to be necessary to establish
that the transmission surfaces of the crystal do not
change appreciably as a function of time owing to the
crystal deterioration.

The calculated value of the mass absorption coeffi-
cient (#Cu Ko) is 39-7 cm™! leading to 4* values of the
order from 1-3 to 1-8. The neglect of absorption cor-
rections may have introduced some systematic error
into the refinement especially into the fi; values.

Structure determination

Structure analysis was started in the space group Cc
because the unit cell contained only four molecules and
we believed the molecule to be the asymmetric digly-
ceride. The heavy atom technique was used to salve the
structure in the (010) projection and refined to an
R(S||Fobsl — |Feate]|/>| Fons|) of 0-14. The peak posi-
tions were incorrectly rationalized as reasonable for
the asymmetric diglyceride. At this point we proceeded
to the three-dimensional analysis.

The bromine coordinates and the chain tilt were
found from the Patterson synthesis. Two iterations of
the structure factor Fourier calculations were required
to reveal the arrangement of atoms in the vicinity of
the glycerol group. The electron density map showed
that the molecule was the symmetric rather than the
asymmetric diglyceride and that the hydroxyl oxygen
atom attached to the middle carbon atom of the glyce-
rol group appeared ambiguously as two peaks related
by a pseudo-symmetry axis. All attempts to remove the
ambiguity failed. We finally concluded that the mol-
ecules were disordered and two half oxygen atoms were
needed.

Block-diagonal least-squares refinement in the
space group Cc slowly converged to an R=0-20,
where improvement seemed to cease. The indicated
shifts in positional and thermal parameters remained
as large as their estimated standard deviations. The
anisotropic thermal parameters for the bromine atoms
persistently went nonpositive definite. On comparison
with the previous cycles of least-squares, there seemed
to be a correlation between the symmetrically related
atoms of the diglyceride.

Examination of the structure at this time showed:
(1) a very evident twofold axis of molecular symmetry;
(2) the disorder does not perturb the packing lattice
energy; (3) the free energy of the crystal is probably
lower in the disordered form by a residual entropy con-
tribution of k& In 2¥=R In 2=1-38 cal/mole degree;
(4) by placing the twofold axis of pseudo molecular
symmetry coincident to a twofold axis in the space
group C2/c, only half as many independent parameters
are needed to describe the structure. The further use of
space group Cc seemed indefensible. Upon subsequent
refinement using space group C2/c all of the diffi-
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culties mentioned in the preceding paragraph disap-
peared.

The final cycle of least squares, including the hydro-
gen atoms at precalculated positions, gave an R value

of 0-09. The C-H ‘bond distance of 1-0 A and the
C-C-H bond angle of 109° were assumed.

The calculations were performed on a Univac 1108
computer. The data work up and least-squares pro-
grams were written by A. H. The Fourier program is
an adaptation from the Stewart X-ray 67 System. The
quantity being refined by the least-squares program is
>W(Fol?— |k Fe|?)2 The final value for the quantity S=

Table 2. Comparison of observed and calculated structure factors

and F.. * denotes an unobserved reflection; R denotes a reflection omitted from

Each column contains the value of [, 10 | Fo|
. least-squares; Z denotes F(0,0,0).
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Cw(|Fol2— | Fel?)?/(n— p))1/2 is 2-55. Reflections having
a value greater than 3S were omitted from the least
squares and are identified by an R after the Fops value
in the structure factor list in Table 2. Stereo drawings
were made using the Johnson (1965) O RTEP computer
program. The X-ray scattering curves used were for
neutral atoms (International Tables for X-ray Crystal-
lography, 1962, pp. 202-207), with the bromine curve
corrected for the anomalous dispersion term A4f =
—0-9e (International Tables for X-ray Crystallography,
1962, p. 215). The term Af" = 1-4e was neglected. This
neglect appeared to be justified in that a trial calcula-
tion including it led to no improvement in R and no
significantchanges in all parameters. The Aikens method
with 4 differences was used for making interpolation
between the tabulated values.

Results and discussion

The atom numbering is in accordance with the usual
convention used by lipid chemists. The fatty acid is

AC27B - 8*

numbered from C(1) at the carboxyl group through
C(11) and Br at the terminal end. The glycerol group
atoms are prefixed by the letter G, GC(2) being the cen-
tral glycerol carbon atom. The final positional coor-
dinates and thermal parameters for the non-hydrogen
atoms are given in Table 1. The list of final structure
factors is given in Table 2. The bond distances and
angles in the molecule are given in Table 3. The stan-
dard deviations estimated from least-squares treatment
are 0-001 A for the bromine atom, 0-007 A for the car-
bon atom, 0-005 A for the oxygen atoms, and 0-008 A
for the disordered oxygen atom.

(1) Bond distances and angles

Fig. 1 shows a view of the molecule along the pseudo
twofold axis. The bond distance and angle values are
normal. The average values uncorrected for thermal
motion are: C-C 1-51 (1) A; C=01-20A; C-O 136 A ;
C-Br 1:95 A; C-C-C 1129 (1)°. The spread amongst
the 8 C-C bond distances between the equivalent fatty
acid CH, units (C(1) and C(11) being excluded on the
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Table 3. Intramolecular bond distances and angles
Distance Angle
Uncorrected Corrected Uncorrected  Corrected

Br: C(11) 195 A 199 A Br C(11) C(10) 112-2° 108-5
C(11) -C(10) 1-49 1:53 cai) C(10) C(9) 110-6 106:6
C(10) -C(9) 1-51 1-55 C(10) C(9) C(8) 112-0 107-9
C(9)—C(8) 1-54 1-58 Cc©) C(8) () 1133 109-2
C(8)—C(7) 1-51 1:56 C(8) (7 C(6) 1137 109-5
C(7)—C(6) 1-51 1-55 (M C(6) C(5) 114-0 109-9
C(6)—C(5) 152 1-55 C(6) C(5) C(4) 113-8 109-6
C(5)—C(4) 1-52 1-56 C(5) C4 C(3) 113-5 109-5
C4)—C@3) 1-51 1-55 C(4) C(3) C(2) 112-5 108-5
C(3)—C(2) 152 156 Cc@3) ) (1) 112:8 1089
C(2)—C(1) 1-49 1-52 Cc(2) c(1) =0 126'6 128-5
C(1)=0 1-20 1-20 C(2) c) -0- 111-5 107-6
C(1)—O- 1-34 1-38 -0O- C(1) =0 1219 1239
-0 —GC(1) 1-43 1-38 (1) —0- GC(1) 1168 1132
GC(1)-GC(2) 153 -0- GC(1) GC(2) 1064
GC(2)-GO(2) 1-30 GC(1) GC(2) GC(1) (5553) 112-8

GO(2) GC(2) GC(1) (5553) 1133

basis of nuclear magnetic resonance chemical shifts)
has a mean of 1-52 A and a standard deviation of
0-008 A. After correction for rotational oscillations
(Cruickshank, 1961), the average becomes 1-56 (1)
while the average for the 7 equivalent C-C-C angles
becomes 109-2 (1)°.

(ii) Hydrogen bonding and crystal packing

Fig. 2 is a stereographic drawing illustrating the hy-
drogen bonding present in the crystal. The hydrogen
bonds link the molecules together along the diagonal
directions in the ab plane. Table 4 is a list of symmetry
operations.

Table 4. Symmetry operations

The four-digit code used in Table 5 and 7, and in the text
denotes how the atomic parameters can be derived from the
corresponding atom in the crystal asymmetric unit. The first
three digits code a lattice translation, e.g. 564 means a trans-
lation of (5—35)a+(6—5b+ (4—5)¢ or (b—c). The fourth digit
refers to one of the following symmetry operations:

Code digit Symmetry operation
1 X, ¥, z
2 —X, -, -z
3 - X Vs %—Z
4 X, - ‘%-{—Z
5 ++x, 3+, z
6 3—x, 1-», -z
7 1—x, 1+, t-z
8 I+x, - 3+z

Table 5 lists the intermolecular distances less than
3-8 A that involve the disordered oxygen atom. The
hydrogen bond distance is 2:87 A and the angle
COH- - -0 is 114-34°, Owing to the crystal symmetry
it can be seen that the disordered oxygen can occupy
either of the two positions [GO(2) (5551) or
GO(2) (5553)] without affecting any of the short range
packing distances. Without the disorder, the hydrogen
bonds would link molecules together in lathlike strings.
The disorder cross links these strings into sheets to
produce a layer network of hydrogen bonded mol-
ecules.

Table 5. Intermolecular distances involving the
disordered hydroxyl group

v

Symmetry operation (5553) is :the pseudo twofold molecular
axis.

from GO(2) (5551) Distance from GO(2) (5553)
to

to
=0(5557) 2:868 A =0(4555)
C(1) (5653) 3:146 C(1) (5651)
C(2) (5653) 3173 C(2) (5651)
GC(1) (5557) 3:312 GC(1) (4555)
-0-(5653) 3:318 -0-(5651)
=0(5653) 3-645 =0(5651)

Fig. 3 shows the molecular packing within the crystal.
The hydrocarbon chain tails are parallel in double
layers and tilted at the same angle toward the end
group planes, but the direction of chain-tilt alternates
in successive double layers of the chain. This arrange-
ment is similar to that found in the 1,3-diglyceride of
3-thiadodecanoic acid (Larsson, 1963). The angle made
between the terminal bromine atoms and the glycerol
central carbon is 91-6°. It has been pointed out by
Abrahamsson & Westerdahl (1963) that bent long-
chain molecules are rather common in structures where
the hydrocarbon chain packing is disturbed by the pre-
sence of groups other than the ethylene groups in the
chain. -

The chain packing is of the common triclinic type
(TID, and the dimensions of the methylene subcell are:

as=4-14 (5), bs=539 (5), cs=2-54 (5) A,
as="78 (1), fs=107 (1), and ys=120 (1)°.
The volume per CH, group is 23:4 A.

(iii) A helical twist in the fatty acid chain

There is a helical pitch in the hydrocarbon chain.
Examination of the 4; and 4, coordinates from the
best least-squares plane calculation given in Table 6
shows a uniform twist along the chain. This helical twist
probably arises from the optimization of both the hy-
drogen bond packing in the vicinity of the glycerol
group and the bromine to bromine end group packing.
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The helix has a 0-84 A diameter and approximately a Table 6 (cont.)
148 A pitch. The angle between the projection of the Least-squares
C(1) to C(2) bond and the projection of the C(11) to weighting 4, 43 43
Br bond as viewed along the chain axis is 34°40’. The Br 1-0 -017A  -047A  -727A
planes of the zigzag chains in 2-monolaurin (Larsson, (ng (1); }:g _g:(l)(z) _g:g; :Z:ﬁ
1964) also appear to be twisted. C(9) 1-0 0-06 0-51 —3-16
C(8) 1-0 0-02 —0-36 —1-88
Table 6. Least-squares plane C(7) 1-0 0-02 0-45 —0-60
C(6) 1-0 0-03 -0-39 0-65
The equation of the least-squares plane is in the form C(5) 1-0 —-0-02 0-41 1-94
_ C4) 1-0 0-08 —-0-44 3-20
Ax+By+Cz=D C(3) 10 ~0-06 0-35 447
where D is expressed in A and x, y and z are fractional coor-  C(2) 1-0 0-11 —0-51 571
dinates. The equation of the plane is: C(1) 1-0 -016 0-23 6-98
~1:355x+4-042y — 36682 =0-4271 o 828 —os3 o 7or
4, are the out-of-plane distances; 4> and 43 are the in-plane  GC(1) 0-0 —0-16 0-07 9-33
coordinates. GC(2) 0:0 0-05 —-1-03 10-37
GO(2) 0-0 0-20 —0-61 11-59

Table 7. Closest intermolecular distances
A. Across end group planes (DMAX=4-5 A)

Br Br(4456) 345 A
C(11) (5552) 3-93
Br(4556) 3-97
C(11) (4556) 414
Br(5552) 4-16
c@1) Br(5552) 393
Br(4556) 4-14
B. Between chains within a layer (DMAX=4-2 A)
Br C(11) (4455) 3-89 A
C(9) (5451) 3-93
C(10) (5451) 4-02
C(9) (4455) 415
C(8) (5451) 4-15
C(11) Br(5555) 3-89
C(10) Br(5651) 4-02
C(7) (5451) 4-06
C(6) (5451) 4-18
C(9) Br(5651) 3-93
Br(5555) 4-15
C(6) (5451) 4-19
C(8) C(5) (5451) 4-14
Br(5651) 4-15
C(4) (5451) 4-17
Cc C(2) (5651) 406
C(4) (5451) 4-11
C(6) C(2) (5451) 4-15
C(10) (5651) 4-18
C(3) (5451) 4-18
C(9) (5651) 419
C(5) C(2) (5451) 404
C(8) (5651) 414
C4) =0(4455) 371
C(7) (5651) 4-11
C(8) (5651) 4-17
-0-(5451) 4-18
C(3) GO(2) (5453) 3.92
-0-(5451) 4-04
Fig. 1. The molecular structure of the symmetric 1,3-diglyceride =0(4455) 4-07

of 11-bromoundecanoic acid. C(6) (5651) 418
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Table 7 (cont.)

C(2) GO(2) (5453) 317
=0(4455) 3-61
C(5) (5651) 4-04
C(6) (5651) 4-15
c) GO(2) (5453) 3:15
GO(2) (5457) 3-84
GO(2) (5451) 3-88
GC(2) (5451) 4-09
=0 GO(2) (5457) 2-87
—0-(5455) 3:39
GC(2) (5455) 3-60
C(2) (5555) 3-61
GO(2) (5453) 3-65
C(4) (5555) 37
GC(1) (5457) 377
GO(2) (5451) 3:94
C(3) (5555) 4-07
GC(1) (5455) 410
-0- GO(2) (5453) 332
=0(4555) 3:39
GO(2) (5451) 3:93
C(3) (5651) 4-04
GO(2) (5457) 410
C(4) (5651) 418
GC(1) GO(2) (5457) 3:31
=0(5557) 377
GO(2) (5453) 407
GO(2) (5451) 4-08
GC(2) =0(4555) 3:60
=0(5557) 3-60
C(1) (5651) 4-09
C(1) (5653) 4-09

(iv) Disorder as entropy twinning

Though glycerol possesses reflective symmetry in that
it can be superimposed on its mirror image, glycerol

1,3-DIGLYCERIDE OF 11-BROMOUNDECANOIC ACID

does not possess rotation symmetry. This rotational
asymmetry does not give rise to optical antipodes, but
does allow a distinction to be made between the two
primary hydroxyl groups (Ansell & Hawthorne, 1964)
as shown below:

CH,OR CH,0OR

HOpC4qH and HpC4OH

CH,OR CH,OR
(a) ®)

The disorder results from the competitive occupancy
for each site by rotational isomers (@) and (b).

The disorder may be described as a form of entropy
twinning. By analogy to twinning by merohedry, the
space group of an untwinned crystal would be Cc; any
of the additional symmetry elements of the space group
C2/c can be used randomly as twin elements to relate
a pair of molecules.

(v) Thermal motion

It appears that the motion of all the nonhydrogen
atoms is significantly anisotropic in that at least one
of their f;; terms (Table 1) differs by more than three
e.s.d.’s from the value it would have assuming isotropic
motion with B equal to the mean principal axis B;. The
ellipsoids (Fig. 1) do not exhibit the excessive distor-
tion which is sometimes characteristic of a meaningless
refinement.

Fig. 2. A stereo view of the hydrogen bonding in the symmetric 1,3-diglyceride of 11-bromoundecanoic acid. The disorder is not
) ’ ’ illustrated,
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Table 8. The translational and rotational vibration tensors

The direction cosines of the T and w vibrational tensors are relative to the least-squares plane 4;, 4, and 43 orthonormal co-
ordinate system. The root mean square values are in A and degrees.

7(10-2 A2) r.m.s. DC4, DC4, DC4;

3-80 —0-53 0-61 0-18 —0-848 —0-258 0-463
4-90 —0-07) 0-21 0-271 0-540 0-797

4-38 0-23 0-456 —0-801 0-387

w(deg?) r.m.s. DC4, DC4, DC43

0-76 —-0-11 -7-11 0-76 —0-839 —0-543 —0-013
( 0-88 — 561 0-97 0-543 —0-839 —0-001
698-57 26:43 0-010 0-008 —1-000

An analysis (Cruickshank, 1956) of the individual
atom vibrational tensors in terms of the anisotropic
rigid-body translational and rotational vibration ten-
sors for the same portion of the fatty acid group as used
in the least-squares plane calculation was made. The t
and w tensors are given in Table 8. The most striking
feature is the very large rotational vibration (r.m.s.
26-4°) about the chain axis. Although there is no reason
to bzlieve that the fatty acid chain is rigid, it seems that
the overall out-of-plane twisting can be approximated
by a rigid rotational vibration. By applying rotational
oscillation corrections to the positional coordinates,
the average C—C bond distance is lengthened by 0-05 A
and the average C-C-C angle is reduced by 3-7°. These
represent changes that are 50 for lengths and 400 for
angles.

The independent packing behavior at the end group
planes and the glycerol region would suggest the pos-
sible existence of two symmetric fulcrum points within
the molecule at which the three molecular parts interact
in a coupled fashion. The C(8)-C(9) bond (1-58 A corr.,

1-54 A uncorr.) is longer than the average (1-56 A corr.)
by almost 3. If the thermal motion of atoms C(8) and
C(9) is coupled in such a way that the bond direction
always remains nearly parallel, then the rigid-body ro-
tational correction would cause an incorrect length-
ening. The C(8)-C(9) bond may be the location of the
fulcrum.

(vi) The extrapolation to membranes

The implication of these results suggests that the
stable crystalline forms of long chain diacyl molecules
are extended or partially extended structures. The sim-
ilarities in long spacing and polymorphism between the
diglycerides and the phospholipids are an indication
that the hydrocarbon chain packing may be similar.
We propose that the unit membrane model may incor-
porate regions of extended chain phospholipids with
bimolecular intercalation of cholesterol. This idea is in
agreement with the fact that the major type of lipid—
protein interaction in membranes appears to be a hy-
drophobic bonding (Green & Fleischer, 1963).

y-
.

N
NN

1

X

S

S,

Fig. 3. A stereo view of the molecular packing of the symmetric 1,3-diglyceride of 11-bromoundecanoic acid. The disorder is not
illustrated.
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Larsson, Lundquist, Stdlhberg-Stenhagen & Sten-
hagen (1969) have made some recent studies of the
structural arrangements of lipids in surface layers and
interphases. In their studies it was shown that a mono-
layer phase can be compressed to a duplex film and
successively to a multifilm containing up to 8 layers.
Triglycerides in monolayers have the E form while in
the solid state they are in the tuning-fork conformation.
Compression of triglyceride monolayer beyond the
monolayer collapse point produces a duplex layer with
molecules of different conformation in the lower and
upper parts. They suggest that the upper part is in the
tuning-fork arrangement, while the lower part is in the
E form.

The interface between the upper and lower parts
is hydrophobic. This would suggest that in the case of
biological membrane in those regions where the protein
interface is hydrophobic the lipid arrangement could
be an extended monolayer, while in those regions where

the interface is'aqueous or ionic the arrangement is the
usual bilayer form.
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Crystal and Molecular Structure of 3-p-Bromophenyl-1-nitroso-2-pyrazoline*

By M.N.SABESAN AND K. VENKATESAN
Centre of Advanced Study in Physics, University of Madras, Madras-25, India

(Received 11 May 1970)

The bromoderivative of the product CoHoN30, obtained when diazomethane is reacted with benzo-
nitrile oxide in ether, has been examined by X-ray single-crystal techniques and shown to have the struc-
ture of 3-p-bromophenyl-1-nitroso-2-pyrazoline. The crystals are monoclinic with space group P2;/c
and a=5'636+0-012, 5=9-775+0:021, c=17-516+0:031 A, f=97-4+0-2°. The final R index with all
the non-hydrogen atoms anisotropically refined is 0-094 for 1075 visually estimated intensities. The
molecule is slightly but significantly non-planar. The structure is stabilized mainly by van der Waals
interactions; however, a short Br- - - O contact of length 3-298 A, which is slightly less than the expected
van der Waals separation, suggests that weak charge transfer interaction may be present. The C-Br- - -O

angle is 176-1°.

Introduction
The reaction between diazomethane and benzonitrile
oxide in ether gives a light-yellow crystalline product

* Contribution No. 306 from the Centre of Advanced
Study in Physics, University of Madras, Madras-25, India,

with chemical formula CoN3OHy. From nuclear mag-
netic resonance (n.m.r.) and ultraviolet spectra of this
compound, three possible structures, shown in Fig. 1,
were proposed although structure III was considered
to be less likely than the other two (Nagarajan, 1965;
Nagarajan & Rajagopalan, 1967). It seemed worth-
while to carry out an X-ray analysis to establish the



