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The Crystal Structure of pL-2-Methyl-7-Oxododecanoic Acid

By A.M.O’CONNELL

Crystallography Group, Medical Research Council Unit
Jor Molecular Structure Analysis, University of Gioteborg, Géteborg, Sweden

(Received 12 February 1968)

The crystal structure of DL-2-methyl-7-oxododecanoic acid has been determined by direct methods
from three-dimensional X-ray diffraction data. The crystals are monoclinic, space group P2;/c, with
a=9-122, b=5-061, c=30-784 A and p=100-7°. Positional and anisotropic thermal parameters of the
carbon and oxygen atoms were refined to give a final R index of 0:088. The hydrocarbon chain is bent
at C(2) and the methyl group forms a continuation of the zigzag backbone. The chain is twisted by 7°
at the keto group. The carboxyl groups are hydrogen bonded across centres of symmetry, the chain

packing being the orthorhombic type O’ 1.

Introduction

In this laboratory, studies of the effect of a branching
methyl group in different positions along a hydro-
carbon chain have been undertaken (e.g. Abrahamsson,
1959a; Abrahamsson & Harding, 1966). The effect of
the methyl substituent on the molecular geometry and
packing has been reported. The present paper, which
describes the X-ray analysis of DL-2-methyl-7-oxo0-
dodecanoic acid, represents an extension of this work
to include other substituent groups.

Experimental

Crystal data
C,3H,40; DL-2-methyl-7-0xododecanoic acid.
Monoclinic, space group P2,/c.
a=9122+20, b=5061+7, ¢c=30-784+50 A, f=
100-7°+0-2°.
(A=1-5418 A).
V=1396 As.
Z=4,
m.p. 36:1-36-4°C. (Stallberg-Stenhagen, 1946.)
Absent spectra 0k0, k odd; 40/, / odd.
4=6-54 cm~1 for A=1-5418 A .

Crystals suitable for X-ray diffraction measurements
were obtained by evaporation of a light petroleum
solution. The crystals formed as needles with the
longest direction parallel to the b axis. A sample meas-
uring 0-10 x 0-60 x 0-13 mm was selected for data col-
lection about the b axis. Multi-film equi-inclination
Weissenberg techniques with Cu K« radiation were
used to record intensities on layers 40/ to h4l. The
crystal was then cut with a razor blade to measure
0-10 x 0-25 x 0-13 mm and remounted about the a axis.
Layers Ok/ to 4k/ were recorded with this orientation.

The data were estimated with the use of the auto-
matic on-line film scanner in this laboratory (Abra-
hamsson, 1966). Film factor-intensity distributions
were used to estimate the linear range of measurement
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as described previously (O’Connell, 1967). A normal
beam film factor of 2:93 (Morimoto & Uyeda, 1963)
was assumed, and this value, with the appropriate an-
gular correction for non-zero levels (Grenville-Wells,
1955) was used to reduce the intensities within a film
pack to a common scale. Lorentz and polarization cor-
rections were applied to all reflexions; however, absorp-
tion corrections were considered unnecessary because
of the small size of the crystals and the low value of
the linear absorption coefficient (¢ =6-54 cm-?). Inter-
layer correlation scales were obtained by the method
of Hamilton, Rollett & Sparks (1965). The final set of
827 observed structure factors was obtained from 3835
individual intensity measurements. Unobserved terms
were not included in the refinement or R-index calcu-
lations (Dunning & Vand, 1966).

Solution and refinement

Initial attempts to solve the structure by using symbolic
addition methods failed (see Karle & Karle( 1966) for
a recent review of these techniques). In retrospect, this
appears to have been due to the incorrect indexing of
several high order reflexions with large E values. In
order to fix the phases of the subcell reflexions, com-
posite three-dimensional structure factor graphs of the
two largest normalized structure factors (Ej;—s and
E»,9) were computed with use of the two sign combina-
tions ++ and — +. The second of these showed a
regular repetition of maxima which was consistent with
chain packing considerations. On the basis of this ar-
rangement the phases of the nine largest normalized
structure factors were fixed. A further three signs were
determined by using the X; formula (Hauptman &
Karle, 1953). With these twelve phases as a starting
point the signs of a further 45 reflexions with E>1-7
were generated through successive application of the
2, formula (Hauptman & Karle, 1953). These phases
were in turn used to determine 72 more signs for re-
flexions with £> 1-0. It was not necessary to introduce
symbols at any stage during the application of 2,. The
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Table 1. Observed and calculated structure factors (< 10)

The unobserved terms (indicated by a minus sign on Fons) are included at the threshold values.
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E map, computed with the signed normalized structure
factors, clearly indicated the twelve carbon atoms of
the straight part of the chain. Structure factors based

Table 2. Atomic coordinates and their
standard deviations ( x 10%)

x/a ylb zlc
CcQ) 0-3662 (10) 0-5812 (17) 0-0410 (3)
C(2) 0-2601 (9) 0-6479 (15) 0-0705 (3)
C(3) 0-3357 (9) 0-8049 (16) 0-1105 (3)
C4 0-:4609 (9) 0-6579 (15) 0-1407 (3)
C(5) 0-5339 (9) 0-8194 (15) 0-1803 (3)
C(6) 0-6578 (9) 0-6670 (15) 0-2097 (3)
Cc() 0-7396 (10) 0-8128 (19) 0-2487 (3)
C(8) 0-8634 (9) 0-6699 (15) 0-2782 (3)
C(9) 0-9308 (9) 0-8079 (15) 03203 (3)
C(10) 1-0592 (10) 06578 (16) 0:3477 (3)
Cc1yn 11265 (10) 0-7921 (18) 0:3902 (3)
C(12) 1-2524 (11) 0-6389 (20) 04174 (3)
C(13) 0-1262 (9) 0-7964 (18) 0-0436 (3)
o(1) 0-4706 (7) 0-7278 (11) 0:0359 (2)
0(2) 0-3383 (7) 0:3619 (11) 00179 (2)
0o@3) 0-7036 (8) 1-0391 (12) 0-2577 (2)
H(1) 0-425 0-354 —0-001
H(Q21) 0-219 0-479 0-082
H(31) 0-262 0-857 0-129
H(32) 0-:379 0:972 0-100
H(41) 0-540 0-615 0-122
H(42) 0-422 0-492 0-150
H(51) 0-460 0-868 0-198
H(52) 0-580 0-986 0-170
H(61) 0-732 0-610 0-190
H(62) 0-613 0-504 0-219
H(81) 0-948 0-632 0-261
H(82) 0-826 0-493 0-286
H(91) 0-853 0-836 0-338
H(92) 0-972 0-984 0-312
H(101) 1-139 0-630 0-329
H(102) 1-020 0-477 0-354
H(111) 1-046 0-813 0-408
H(112) 1-163 0-969 0-383
H(121) 1-348 0-611 0-400
H(122) 1-301 0-741 0-448
H(123) 1-218 0-444 0428
H(131) 0-038 0-844 0-062
H(132) 0-075 0-683 0-015
H(133) 0-168 0-980 0-031

THE CRYSTAL STRUCTURE OF pL-2-METHYL-7-OXODODECANOIC ACID

on these positions resulted in an R index of 0-61. Four
cycles of block-diagonal least squares (w=1 for |Fops|
<20, w=20/|Fobs| for |Fops| >20) reduced this to 0-47.
The positions of the carbon atom C(1) and the keto oxy-
genatom O(3) were then fixed from chemical and packing
considerations. A difference synthesis indicated the
positions of the remaining two oxygen atoms of the
carboxyl group. The inclusion of these four atoms re-
duced R to 0-39. After a number of block-diagonal
least-squares cycles the residual decreased to 0-17. Full-
matrix refinement with anisotropic thermal parameters
was then commenced. At R=0-11 the 17 hydrogen
atoms of the methylene groups were included at their
expected tetrahedral positions. Difference syntheses
calculated in the plane of the two methyl groups and
the carboxyl group indicated the positions of the re-
maining hydrogen atoms. All hydrogen atoms were
included in the structure factor calculations with iso-
tropic temperature factors B=4-0 A2, but their par-
ameters were not varied in the least-squares procedure.
After several more cycles none of the shifts exceeded
0-1¢ and the refinement was terminated. The final R
index was 0-088. Observed and calculated structure
factors are listed in Table 1, final positional and thermal
parameters in Tables 2 and 3. Atomic scattering factors
for carbon and oxygen were taken from International
Tables for X-ray Crystallography (1962). For hydrogen,
the values given by Stewart, Davidson & Simpson
(1965) were used.

Discussion

The molecular geometry and atom numbering are illus-
trated in Fig.1. The hydrocarbon chain is bent at C(2)
and the branching methyl group forms a continuation
of the zigzag backbone. Configurations of this type are
common in methyl branched fatty acids (Abrahamsson,
1959a). The equation of the best plane through C(2)
to C(12) and the perpendicular distances of the atoms
from it are given in Table 4. There are significant out

Table 3. Anisotropic thermal parameters in the form
exp [—2n%(h2a*2Uyy + k2b*2Up, + 12¢¥2Uss + 2hka*b* Uy, + 2kib*c* Uy 4+ 2hla* c* Uys)]

Standard deviations are given in parentheses. All values have been multiplied by 104.

Un U2 Uss
C) 506 (54) 340 (48) 243 (46)
C(2) 495 (56) 295 (48) 468 (56)
C(3) 494 (55) 352 (46) 471 (54)
c@ 522 (56) 336 (49) 409 (54)
C(5) 549 (60) 336 (47) 401 (59)
C(6) 658 (63) 276 (47) 370 (52)
Cc() 602 (63) 350 (54) 481 (60)
C(8) 542 (58) 279 (47) 532 (59)
C(9) 599 (59) 307 (46) 439 (55)
C(10) 544 (57) 324 (50) 553 (61)
C(11) 617 (61) 486 (55) 572 (62)
C(12) 693 (69) 767 (73) 573 (65)
Cc(13) 379 (50) 566 (57) 655 (62)
o) 641 (39) 427 (37) 554 (41)
0(2) 778 (50) 407 (38) 678 (43)
0@3) 990 (56) 259 (37) 689 (47)

Uz Uy Uiz
57 (40) —14 (40) 15 (46)
—13 (40) 96 (50) 4 (41)
—62 (44) 93 (46) 22 (43)
32 (41) 51 (48) 68 (43)
—10 (44) 80 (48) 25 (44)
7 (42) 6 (51) 31 (43)
70 (46) 181 (51) —50 47
—30 (43) 12 (49) 73 (45)
—28 (43) 72 (48) —26 (45)
—99 (46) —-5(53) 38 (45)
—55(53) —51 (53) —59 (53)
—121 (57) —16 (58) 19 (60)
19 (52) —65 (47) 36 (49)
—-193 (31) 228 (33) —174 (37)
—276 (32) 344 (37) —248 (33)
—163 (33) —109 (39) 229 (36)
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of plane deviations around the keto group and towards
the ends of the molecule which arise from a slight twist
of the chain at the keto group. Atoms C(2) to C(6)
are planar within experimental error as are C(8) to
C(12). The angle between these two planar groups is
7-2°. This indicates the degree of distortion of the
chain geometry due to the inclusion of the keto group.
The best plane through the carboxyl group is

0-2058X—0-1224Y +0-9709Z — 0-0430=0

and none of the atoms deviate significantly from it.
The methyl groups are oriented for minimum hindrance
with their nearest neighbours. In the case of C(12) the
methyl hydrogen atoms are staggered with respect to
H(111) and H(112) and for C(13) they are staggered
with respect to C(1) and H(21).

The bond lengths and angles are listed in Tables 5
and 6 and shown diagrammatically in Figs.2 and 3.
The mean C-C distance within the chain is 1-511 A,
i.e. about 003 A shorter than the normal sp3-sp? car-

Table 4. Equation of the best plane through atoms C(2)
to C(12) and deviations from it

The equation is expressed in terms of the crystal axes.
0-3299X+0-0918 Y—0-9395Z—-0-0813 =0.

Atom Deviation
C(2) —0:048 A
C(3) —-0-010
C4) —0-021
C(5) 0-014
C(6) —0-001
C(7) 0-078
C(8) 0-077
C) —0-020
C(10) 0-039
c1n —0-076
C(12) —0-033
C(13) —0-160*
0(3) 0-086*

* Not included in the plane calculation.

H ( 33) H32)
O o
O ¢
° H
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bon bond. The mean C-C-C angle within the chain
is 114-2°. Systematically short bonds and large bond
angles in the hydrocarbon chains of S-tricaprin (Jensen
& Mabis, 1966) have been explained in terms of ther-
mal anisotropy and rotary oscillations of the chains
about their long axes. The short C-C bonds and large
angles in the present case are probably due to the same
effects. There is a tendency for the bonds closer to the
carboxyl group to be longer than those towards the
end methyl group. The mean C-C distance between
C(13) and C(6) is 1-523 A while between C(6) and C(12)
the mean distance is 1-501 A. These differences are
consistent with the general increase in thermal aniso-
tropy away from the carboxyl group. There appears
to be some shortening of the bonds adjacent to the
keto oxygen, but because of the uncertainty of the
thermal corrections it is not possible to say if this is
a real effect. The geometry of the carboxyl group is
normal and the bond lengths and angles fall within the
range of those surveyed by Nardelli, Fava & Giraldi
(1962).

Table 5. Bond lengths and (in parentheses)
their estimated standard deviations

The standard deviations have been multiplied by 103.

C()—CQ) 1485 (13) A
C(1)—0(1) 1240 (11)
C(1)—0(2) 1317 (10)
C(2)—C(3) 1-518 (11)
C(2)—C(13) 1-538 (11)
C(3)—C(4) 1-526 (11)
C(4)—C(5) 1515 (11)
C(5)—C(6) 1-520 (11)
C(6)—C(7) 1-487 (11)
C(7)—C(8) 1-498 (11)
C(7)—0(3) 1-237 (11)
C(8)—C(9) 1-499 (11)
C(9)—C(10) 1-515 (11)
C(10)-C(11) 1-501 (12)
C(11)-C(12) 1-504 (13)

H(123)

H(62) H(82) H 102)

H(122)

H(1 11)

Fig. 1. Molecular geometry and atom numbering.
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The packing arrangement is shown in Fig.4. The
molecules are joined by hydrogen bonds between car-
boxyl groups related across centres of symmetry. The
O---0O and H---O distances are 2:66 and 1-62 A re-
spectively. The perpendicular distance between the hy-
drogen bonded carboxyl groups is 0-10 A (Jeffrey,
1963). The straight portions of the hydrocarbon chains

Table 6. Bond angles and (in parentheses)
their standard deviations

C(2)—C(1)—O0(1) 123:0 (0-7)°
C(2)—C(1)—0(2) 1161 (0-7)
0(1)—C(1)—0(2) 120-8 (0-8)
C(1)—C(2)—C(3) 111:5 (0-7)
C(1)—C(2)—C(13) 1089 (0-7)
C(3)—C(2)—C(13) 1121 (0°7)
C(2)—C(3)—C(4) 1145 (0-6)
C(3)—C(4)—C(5) 1133 (0-6)
C(4)—C(5)—C(6) 1119 (0-6)
C(5)—C(6)—C(7) 115-8 (0-7)
C(6)—C(7)—C(8) 117:3 (0-7)
C(6)—C(71)—O0(3) 1218 (0-7)
C(8)—C(H—O(3) 120-8 (0-7)
C(7)—C(8)—C(9) 1162 (0:7)
C(8)—C(9)—C(10) 113:6 (0-7)
C(9)—C(10)-C(11) 1141 (0-8)
C(10)-C(11)-C(12) 113-4 (0-8)

THE CRYSTAL STRUCTURE OF pL-2-METHYL-7-OXODODECANOIC ACID

are arranged with the orthorhombic subcell packing
O'Ll, which has previously been reported in D-2-
methyloctadecanoic acid (Abrahamsson, 19595). The
idealized subcell has dimensions as=7-57, bs=2:53,
cs=506 A (Fig.5). The angle of the chains to the ascs
plane is 67-5° (as compared with 59° in D-2-methyl-
octadecanoic acid) and the angle of the carbon chains
to the end group planes [0’ 1(201)] is 58°. The keto
group is apparently accommodated in the packing
without disturbing the chain arrangement. The oxygen
atom packs between the two hydrocarbon chains at
(x,y.1—2) and (1—x,y—%,5—2). The shortest inter-
molecular O(3)-C contacts are 3-45, 3-50 and 3-52 A
to C(5), C(6) and C(8) respectively. The shortest O(3)-H
contacts are 2:76, 2-69 and 2:63 A to H(51), H(62) and
H(82) respectively.

The average length of the hydrogen-hydrogen con-
tacts in the subcell region is 2:79 A. There is a con-
siderable spread in the individual values (~0-2 A)
owing to distortions in the idealized subcell.

There are no layers of weak van der Waals forces
in the structure since alternate hydrocarbon chains are
arranged head to tail. This explains why the crystals
grow as hard needles and not as soft, thin plates as is
common with many long chain fatty acids.

o(1) 0(2)

1161

1230 c)

C(2)
1089 '111-5

c(13)

121-8 (120'8

0(3)
Fig. 2. Intramolecular bond lengths.

C(12)

0(3)

Fig.3. Intramolecular bond angles.
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Fig.4. Molecular packing viewed along the b axis. Hydrogen
bonds are shown by broken lines.

FN
ENES

O\
Hlw
O\
bl

ENES

Hlw

FNEN
o
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as

Blw
Bl

0 1 2A

Fig.5. The idealized subcell O’ L viewed along cs.

Crystal samples were kindly provided by Professor
Stillberg-Stenhagen. All calculations were performed
on a Datasaab D21 computer. The author wishes to
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thank the National Research Council, Ottawa, Canada,
for supplying the symbolic addition program NRC-4
and Dr S.R. Hall for advice on its adaption and opera-
tion in our program system. The remaining calculations
were made with programs written by Abrahamsson,
Aleby, Nilsson, Larsson, Selin & Westerdahl (1965)
and additional routines written by the author. Finan-
cial support was obtained from the Swedish Medical
Research Council, the Swedish National Science Re-
search Council and the U.S. Public Health Service
(GM-11653).
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