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The Crystal Structure of the L-1-Monoglyceride of 11-Bromoundecanoic Acid

By KARE LARSSON

Crystallography Group, Department of Medical Biochemistry, University of Goteborg, Sweden

(Received 20 December 1965)

The optically active 1-monoglyceride of 11-bromoundecanoic acid crystallizes in a monoclinic form
with unit-cell dimensions a=5-78+0:02, b="7-43+0-03, c=37-6 +0-1 A, $=92-0+ 0-2°. The space group
is P2; and the unit cell contains four molecules. The molecules are arranged ‘head-to-head’ in layers
with parallel hydrocarbon chains. Only the hydroxyl groups participate in the hydrogen bond system.

Introduction

The general features of the molecular packing in fats
are known from crystal structure determinations of
mono-, di-, and triglycerides (Vand & Bell, 1951 ; Jen-
sen & Mabis, 1963; Larsson, 19634, 19644, b, ¢). Mono-
glycerides are often used as emulsifiers in technical
processing of fats and their function is related to their
ability to form mesomorphic phases. The liquid crys-
talline structures of monoglycerides are also of bio-
logical interest, e.g. for the understanding of fat ab-
sorption into the mucosal cell. In order to obtain
information on the molecular arrangement in these
complex systems an X-ray investigation of mesomor-
phic monoglyceride phases has been started. It is only
possible, however, to determine the main features of
the molecular arrangement. The detailed structure of
the polar region, which has a relatively high degree
of order, can thus not be derived directly. Many pos-
sibilities of inter- as well as intramolecular hydrogen
bonding must be considered and it is felt that discus-
sions on hydrogen bonding in the mesomorphic phases
should be based on knowledge of the different struc-
tures occurring in the crystalline state.

An optical antipode was chosen for this study as
both the racemic form and the symmetric 2-isomer have
been analysed earlier (Larsson, 1964, ¢). In order to
simplify the structure analysis a monoglyceride con-
taining an w-bromine atom was used, as compounds
where the terminating methyl groups are replaced by
bromine atoms often crystallize isotypically with the
corresponding unsubstituted compounds (Larsson,
1963b). This bromo monoglyceride was, however, not
isotypic with the stable form of the unsubstituted com-
pound but the chain packing and the general ‘head-to-
head’ arrangement of the molecules are the same in the
two forms.

Preparation of crystals

L-1-Mono-11-bromoundecanoin was synthesized ac-
cording to the general method for preparation of op-
tically active glycerides developed by Baer & Fischer
(1945), The specific rotation [a]p in dry pyridine (e,
6-4) was —3-6°. Crystals for X-ray work were grown
from petroleum spirit, b.p. 20-40°C as thin plates with

AC21-6*

(001) faces dominating and with edges parallel to the
a and b axes. The crystals were biaxial positive and
frequently twinned on the (001) planes. Only one crys-
tal form was obtained from solvents and as the com-
pound was found to isomerize very rapidly near the
melting point (52-9-53-3°C) the general phase behav-
iour could not be studied. The crystal form obtained
is a f’ form according to the glyceride classification
suggested by the present author (Larsson, 1964c¢).

X-ray data

Rotation and Weissenberg photographs of the (Hk/)
and (hK/) zones were taken with Cu K« radiation using
a calibrated camera. The following data were obtained:

Molecular formula C,4H,;0,Br

Molecular weight 339-3

Unit cell, monoclinic,

a=578+0-02, b=7-43+0-03, c=37-6+0-1 A,
f=92:0+0-2°

Four molecules per unit cell

Density calculated 1-396 g.cm—

Density measured 1-385 g.cm—3

Absent reflexions 0k0 when k odd

Space group P2, (taking the optical activity into ac-
count).

The reflexion intensities were estimated visually by
the multiple-film technique and corrected for the polar-
ization and Lorentz factors but not for absorption (very
small crystals were used). Absolute values were later
obtained by comparison with calculated structure fac-
tors.

Structure determination

The positions of the two bromine atoms in the asym-
metric unit could readily be derived from the Patterson
function which was sharpened to correspond to point
atoms at rest (Abrahamsson & Maslen, 1962). A
bromine-phased three-dimensional electron density cal-
culation showed all the carbon atoms of the hydro-
carbon chains clearly, whereas only low and broad
ridges were found in the region of the cell containing
the polar groups. The chains appeared to be pseudo-
symmetrically related and their symmetry is P2,/a pro-
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vided that there are no deviations from the common
orthorhombic chain packing O 1. The positions of the
atoms of acyl chains were refined by a few cycles of
structure factor and electron density calculations. The
difficultiesin obtaining positions for the rest of the atoms
were duetothe P2,/asymmetry of the mapsand a further
complication was that the positions corresponding to
the true structure were so close to the superimposed
false positions that only two atoms in the polar region
gave resolved peaks. Their coordinates were derived
by trial and error, making use of the known stereo-
chemistry, and refined by Fourier methods. Block-
diagonal least-squares refinement was then started with
anisotropic vibration parameters for the bromine atoms
and isotropic temperature factors for carbon and oxy-
gen atoms. Owing to the large number of parameters
in comparison with the number of observed indepen-
dent reflexions, and as no pronounced anisotropic
movements of carbon and oxygen atoms were indicated
from the Fourier maps, only isotropic temperature
factors were used for these atoms. The hydrogen atoms
of the hydrocarbon chains were included in the struc-
ture factor calculation with positions according to the
known data from normal paraffins (C-H bond length
1-09 A and H-C-H bond angle 109-5°) and with the same
temperature factors as the corresponding hydrogen-
carrying carbon atom. The weighting scheme applied
in the refinement was

1
1+ [(Fol — 8| Fminl)/5| Fminl]?

w

The structure refined to an R value of 0-13 for the
680 observed reflexions, and the shifts in the atomic
coordinates were then about one third of the standard
deviations. The calculations were performed on the
Datasaab D21 computer with programs designed by
Abrahamsson, Aleby, Larsson, Nilsson, Selin & Wes-
terdahl (1965). The atomic scattering factors were
taken from International Tables for X-ray Crystallo-
graphy (1962).

Discussion

The three-dimensional electron-density series is illu-
strated in Fig. 1, where also the numbering of the atoms
is shown (the second molecule in the asymmetric unit
has primed numbers). The final atomic parameters and
their standard deviations are given in Tables 1, 2(a)
and 2(b). Observed and calculated structure factors are
listed in Table 3.

Figs.2 and 3 show the molecular arrangement. The
molecules are packed ‘head-to-head’ in layers of double
molecular length. The hydrocarbon chains are tilted
63:3° towards the end group plane and packed ac-
cording to the common orthorhombic chain packing
(0 1). The dimensions of the subcell (calculated from
average positions of the hydrocarbon chain atoms) are

a=516, b=743, c=24T7A.
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Table 1. Atomic coordinates with their standard
deviations x 104 given in brackets

xla  o(x/a) b a(ylb) z/e  a(zfc)
Br(1) 1-5369 (17) 0-4508 (15) 0-0350 (3)
() 1-2667 (110)  0-5350 (127) 00609 (16)
CcQ) 1-2801 (111)  0-4539 (128) 00956 (16)
C@3) 1-0768 (111)  0-5502 (133) 01171 (16)
C(4) 1-0858 (112) 04512 (128)  0-1551 (17)
C(3) 0-8951 (101)  0-5416 (125)  0-1755 (15)
C(6) 0-8848 (134) 04469 (150)  0-2119 (20)
(N 0-7050 (115)  0-5391 (138)  0-2336 (17)
C(8) 0-7141 (130) 04576 (144) 02726 (19)
() 0-5139 (108)  0-5481 (131) 02916 (16)
C(10) 0-5386 (113) 04344 (134) 03278 (17)
c(11) 0-3461 (106)  0-4961 (112)  0-3501 (16)
Cc(12) 01521 (97) 04254 (112)  0-4038 (14)
C(13) 0-1928 (128)  0-5624 (149)  0-4306 (19)
C(14) —00130 (141) 05564 (145)  0-4556 (20)
o(l) 0-1709 (80) 0-5858 (86) 0-3408 (12)
0(2) 0-3498 (83) 0-4272  (92) 0-3824 (13)
0(3) 0-3898 (90) 0-4965 (93) 0-4539 (14)
0(4) 0-0293 (82) 0-7186 (80) 04790 (12)
Br(1") 2:0477 (16) 1-0448 (16) 0-0334 (2)
Cc(1) 1-7842 (108)  0-9291 (122)  0-0580 (16)
C2) 1-7807 (116)  1-0417 (134) 00917 (17)
C(3) 1-5703 (132)  0-9536 (150)  0-1165 (20)
Cc@) 1-5882  (99) 1-0364 (115)  0-1522 (15)
C(5) 1-3946 (110)  0-9561 (133)  0-1734 (16)
C(6) 1-4075 (104)  1-0309 (120)  0-2105 (16)
C(7) 1-2124  (120) 09592 (137)  0-2316 (18)
Cc(8) 1-2215 (109)  1-0283 (124)  0-2710 (16)
C(9) 1-0179 (105)  0-9586 (119)  0-2908 (16)
C(10") 1-0313 (116)  1-0490 (137)  0-3270 (17)
c(11’) 0-8378 (128)  0-9956 (135)  0-3476 (20)
C(12) 06626 (122)  0-9784 (130)  0-4031 (18)
C(13") 0-6841 (110)  1-1136 (108)  0-4334 (16)
C(14%) 04853 (107)  1-0562 (119)  0-4544 (15)
o) 0-6888 (92) 0-8942 (91) 03384 (14)
0o(2) 0-8511 (84) 1-0612  (96) 0-3818 (12)
0o(3) 0-8745 (81) 1-0268 (90) 0-4551 (12)
04" 0-4575 (86) 11626 (84) 04847 (12)
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Fig.1. Superimposed sections of the three-dimensional elec-
tron-density distribution through the atomic centres parallel
to (100). The corresponding projection of the two molecules
in the asymmetric unit is also shown. Contours are given
at intervals of 1 e.A-3 for carbon and oxygen atoms and
5e.A-3 for bromine atoms, starting with 2 e.A-3.
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Table 2(a). Final values of the anisotropic vibration parameters Uy (A2) for the bromine atoms
with their standard deviations x 104 given in brackets
Un o(Un) Uzxn dUx») Uss o(Us) Uy o(Uzs) Uiz o(Ur3) Uiz a(Un)
Br(1) 0-:0991 (65) 0-:0676 (71) 0-0809 (55) —-0:0273 (88) 0-0226 (49) —00625 (97)
Br(1) 0-1022  (65) 0-0837 (79) 0-0671 (48) —0-0338 (93) 0-0258 (46) —0-0685 (103)

Table 2(b). Final values of the isotropic temperature
factors, with their standard deviations x 10 given in

brackets
c) 4-1 (1) A2
Cc(2) 4-1(2)
C(3) 43 (1)
C4) 4-1 (1)
C(5) 3-5(1)
C(6) 67 (2)
c(n 47 (2)
C(8) 63 (2)
C(9) 3:9(1)
C(10) 4-4 (2)
C(11) 39 (2)
C12) 2-3(1)
C(13) 6:0 (2)
C(14) 73 (2)
o(1) 5-6 (1)
0(@2) 62 (1)
0o3) 82 (2)
0o4) 56 (1)
C(1) 33 (1)
Cc2) 47 (2)
c@3) 66 (2)
C@4") 30 (1)
C(5) 42 (2)
C(6") 37 (1)
(7 54 (2)
C(8) 43 (2)
Cc(9) 37 (1)
C(10%) 49 (2)
c(119) 64 (2)
Cc(12) 55 (2)
C(13%) 35 (2)
C(14") 36 (1)
o) 71 (1)
0o2) 66 (1)
0@3) 67 (1)
o) 56 (1)

There are no significant irregularities in the chain pack-
ing. All the carbon atoms of the acyl chains lie within
0-1 A from their best least-squares planes. Bond dis-
tances and angles for the two molecules in the asym-
metric unit are given in Table 4. The average value
of the carbon-carbon distance is 1-535 A and the aver-
age bond angle in the hydrocarbon chains is 107-1°,
and the standard deviations for these values are 0-06 A
and 3-3° respectively in close agreement with the cor-
responding standard deviations estimated from the
least-squares refinement. The planes through the car-
boxyl groups are twisted 5° in one molecule and 19°
in the other from the corresponding planes through
the zigzag chains.

All the short oxygen-oxygen contacts which can
correspond to hydrogen bonds are listed in Table 5.
The intramolecular distances between the two free
hydroxyl groups of the molecules are rather short but
are not interpreted as hydrogen bonds as their direc-

tions are far from the possible directions of the attached
hydrogen atom and the two free electron-pairs around
each oxygen atom (assuming sp3 hybridization). There
are two lone-pair electrons available for each hydrogen
atom, and it would then be possible for both electron

T
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Fig.2. Projection along the a axis showing the molecular ar-
rangement. The small filled and open circles are carbon and
oxygen atoms respectively and the large filled circles are
bromine atoms.

Fig.3. Projection along the b axis showing the molecular ar-
rangement, The small filled and open circles are carbon and
oxygen atoms respectively and the large filled circles are
bromine atoms.
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Table 3. Observed and calculated structure factors ( x 100) with phase angles (FI) given in fractions of 360°

I PR RRRRNIPRNRNRIRRRNRNRNNRRNADRRNNRRNRDRRRRRNRNRR DDA RA AR e i i s it 0 2 2 2 000 0 00000 00000000000000000000V0

PR X X ¥ TP IS

ocooovo00 M. 000D 0000000000000 0000000000000000000000000000000000000C000000000000000000000000000000000000V00000000V00 =

FCALC

e e e e o st ot e 1t 1 0n b b B 1 1t 1t b 1t A (ke B 1k 1h 8 A £ 8 8 0 1 Bt bt b bk Bk 18 B 1t Bt bk Sk B8 4k 8 1 1 B 1k 1t 1k 1t et bt b bt s bt e e OO O OO0 0000000000000 00OERENEEEEEEEE P EEEEFEEEEEFEEE

e e ot vt 1 hn 1t 1k e 5t 1t Bt bt gt pme Bt pb 00 08 e $b 00 1s kb b 0 Db Bt Bad 0b 0h 8 Bk Dt (e Bk Bk (e Bt b s Dt (b (i b B Bd h b b b Bk ok b Sl Bt b ok bbbk b b8t s b s bt s 1e be ek s e e e OO0 00 0000000000000 00000000000  x

10

11

FoBS
2794

FI

0.5000
00,5000
0,5000
0.5000
0.5000
0,5000
0,5000
1,0000
1,0000
1.0000

0.252y
0,225%6

=

U S TV T PP IV TPV R VI STV PIIVIVICIIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVAVIVIVIVAVIVIVE L R LR L L LS M L R S SR L S L L L L L L L

=

e e e e e o e e e o e e a1 1 e 8 18 A8 0 1 ok A 1 1 08 8 1 s Bk 1 e b bt ok o 1k 0 2k $h A B B e 0 A b 0k 6 b O b 6 e O b 0t B Bt bt B Ll 0 0 B B 0 0 Bk A B 0t Ak Ot 0 0t 0 0 0t ot 0t

10

0,3960
0.4583
0.4161
0.4819
0.9198
0,941



DO AR 1t s 0 00 1 s 1 b 0 e 0 0 b B et 0t b Bt Bt ek bk i Bd b B Db 0 1 Bt Bl B 8 B Dt B bk 0 £ 8 Bk i s b B 0 e e e O O O OO0 0000000000000 00OONANARANAANAAAMNAN AN ARNANA A AN &

=

MRV RVRANDRNRRRNRRRNRNBRANRNRNRNRORDROBRIRNNRBANORONRRDARDARDRRRAARRRRARRRR AR AR R R A AR R A R A A R RD A AI AN A R A R R) 1t ot 1ttt 10 16 s 1t 10 1t 6h 46 b 1h 5t 1d 38 o 10 1d s s 2d +mb s b b it

10

O OO E e e E R R E S E S & B EE 55 500 000 00 0 0 00 U W AU DR R R DR R DR RN R RRRNRIRNRRNNRNRNRRINRRRNORNNAORRNNNRNRONODRORDR T

KARE LARSSON

MRORNHRNNRNORNANRNNNNRRBNORNORNNRNRNRRNRNNRNLRRNRANBAMRRBRNNORRARNNRINDNNNNRNNORNNORNNRNRRNNNNPRNNRNBONRNRRNRDRNRNRRDRRNRRNNRNRNNNNRNNONRORROROR

Table 3 (cont.)

0 06 5038
1 3276 5625
2 1645 2177
3 3897 3168
3 2 2124
5 855 910
é 1946 2523
7 1538 1784
8 8k14 1587
9 595 2454
10 178 6865

16 1567 2100
17 2543 2775
1 1195 2211
2 5333 5825
2% 2713 2999
26 1376 1941
27 2414 2519
zg 1415 1695
- 139k 2001
-23 1380 2061
22 1364 1584
21 2331 2723
-20 1876 2616
-1 1306 1588
-1 3150 3352
-17 1264 17
-16 2488 2219
-15 1223 1653
-14 2084 2280
-12 1165 1908

- 1103 1890
-7 1890 2082
-6 2161 1713
-5 4152 4203

-1 365 3386
0 1055 1886
1 3172 3151
2 1061 214y
6 1897 2365
7 1108 1107
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1 3
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13 1712 2472
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15 1251 1481
-23 2003 2376
-21 1418 766
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-17 1397 1908
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1 8567 1875
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Table 4. Bond distances and angles
Bond Distance Bond Angle
Br(1) -C(1) 197 & Br(1)—C(l) —C(2)  107-3°
C(1) —C(2) 1-44 C(1) —C(2) —C(3) 1045
C(2) —C(3) 1-62 C(2) —C(3) —C@4) 103-9
C(3) —C@4) 1-60 C(3) —C4) —C(5) 104-2
C4) —C(5) 1-52 C(4) —C(5) —C(6) 107-3
C(5) —C(6) 1-54 C(5) —C(6) —C(7) 108-8
C(6) —C(7) 1-51 C(6) —C(7) —C(8) 109-0
C(7) —C(8) 1-59 C(7) —C(8) —C(9) 105-2
C(8) —C(9) 1-54 C(8) —C(9) —C(10) 96-8
C(9) —C(10) 1-60 C(9 —C(10) -C(11) 1056
C(10) -C(11) 1-49 C(10) -C(11) -0O(1) 1283
C(11) -0(1) 1-25 C(10) -C(11) -O(2) 1142
C(11) -0(2) 1-32 O(1) —C(11) -0(2) 1169
0(2) —C(12) 1-42 C(11) -0(2) —C(12) 1226
C(12) -C(13) 145 0(2) —C(12) -C(13) 1059
C(13) -C(14) 1-54 C(12) -C(13) -C(14) 1070
C(13) —-0(3) 1-49 C(12) -C(13) -O(3)  106-2
C(14) -04) 1-51 0@3) —C(13)-C(14)  102-8
Br(1)-C(1") 2-:00 C(13) -C(14) -0(4) 1027
C(1)—C(2) 1-52 Br(1") -C(1")—C(2") 1104
C(2)—C(3") 1-69 C(1)—C(2)—C(@3") 106:1
C(3)—C4") 1-48 C(2")—C(3)—C4") 108-1
C@4)—C(5) 1-52 C(3")—C4)—C(5) 106-5
C(5)—C(6") 1-50 C(4)—C(5)—C(6") 109-2
C(6)—C(7") 1-:50 C(5")—C(6")—C(7) 110-2
C(7)—C(8) 157 C(6)—C(7)—C(8)  112:5
C(8")—C(9) 1-51 C(7)—C(8")—C(9") 110-6
C(9)—C(10") 1-52 C(8)—C(9)—C(10) 1059
C(10")-C(11%) 1-44 CHOY—C0)-C(11") 1102
C(111)-0(1") 1-19 C(10)-C(111)-0(1") 126-0
C(111)-0(2) 1-38 C(10")-C(11)-0(2) 112-8
0(2) -C(12) 1-50 0(17)—C(11)-0(2) 120-9
C(12")-C(13%) 1-52 C(11)-0(2") -C(12) 109-5
C(13)-C(14%) 1-48 0(2)—C(12)-C(13) 95-0
C(13)-0(3") 1-49 0(12)-C(13")-C(14") 99-5
C(14)-0(4") 1-40 0(12)-C(13)-0(3") 99-4
0(37)—C(13)-C(14) 99-0
C(13)-C(14")-0(4") 112:6

pairs to participate in hydrogen bonds either by dis-
order of the hydrogen atoms or by a bifurcation of
the hydrogen bond. Only one free electron pair of each
oxygen atom, however, is hydrogen bonded in this
structure, so that there are two hydrogen bonds per
oxygen atom as in normal alcohols (Abrahamsson,
Larsson & von Sydow, 1960) and 2-monoglycerides
(Larsson, 1964b). The molecules are linked with neigh-
bouring molecules both over the gap between the mol-

THE L-1-MONOGLYCERIDE OF 11-BROMOUNDECANOIC ACID

ecular layers and laterally within the layers so that an
infinite two-dimensional net-work is formed (cf. Figs.
2 and 3).

I wish to thank Dr S. Abrahamsson for valuable dis-
cussions. Financial support has been obtained from the
Swedish Natural Science Research Council and the
U.S. Public Health Service (GM-11653).

Table 5. Short oxygen-oxygen contacts (<3-0 A) be-
tween hydroxyl groups, and the angles they form with
corresponding carbon-oxygen bonds
The values for intermolecular contacts are given in brackets. The

suffix 2, is used for atoms with z>0-5 (possessing 2,-relation
to those given in the asymmetric unit).

0(3)-0(4) 2764 0(3) —0(4") —C(14)  100-6°
C(13) -0(3)-—O0(4")  129-3
0(3) -0(4)2, 274 0(3) —0(4)2,-C(14)2, 112-9
C(13) -0(3)-—0(4)2, 1242
0(3)-04) 261 0O(3’) -O(4)——C(14) 1170
C(13)-0(3") —O(4) 143-7
0(3)-0(4)2,  2:90 0(3) -0(4)2, -C(14)2,  97-4
C(13)-0(3) —O(4)2; 1213
0(3)-0(4)  (2:85) C(13) -0(3)-—O0(4)  (568)
C(14) -0(4)——0@3)  (565)
0(3)-0(4)  (2:87) C(13)-0(3) —O(4)  (56:4)
C(14)-0(4") —O(3)  (50-5)
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