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Azimuthal scans of several reflections indicated no need for an
absorption correction. The H atoms were located from a differ-
ence Fourier map and refined isotropically. The structure was
solved by direct methods (MITHRIL; Gilmore, 1984) utilizing
the TEXSAN (Molecular Structure Corporation, 1985) system.

The authors are grateful to the Ministry of Education,
Science and Culture for the financial support of this work
(Grant-in-Aid for Scientific Research Nos. 02453085 and
03650669). .

Lists of structure factors, anisotropic thermal parameters, H-atom co-
ordinates, complete geometry and least-squares-planes data have been
deposited with the British Library Document Supply Centre as Supple-
mentary Publication No. SUP 55926 (21 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallography, 5
Abbey- Square, Chester CH1 2HU, England. [CIF reference: AL1004]
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Abstract

The hydrocarbon chains on either side of the cis-
olefin group in 13-docosenoic acid adopt all-trans
conformation and form an orthorhombic subcell
with parallel skeletal planes. Both the methyl- and
carboxyl-terminal polymethylene chains are inclined
toward the interface of the dimer layers by 34°. The
torsion angles of the cis-olefin  group,
C—C—C=C—C—C, are —129, 0 and 127° from
the carboxyl side.

Comment

The structure determination of the y phase of erucic
acid was undertaken to confirm that this phase is
isomorphous to the low-melting phase of oleic acid
(Abrahamsson & Ryderstedt-Nahringbauer, 1962),
and to elucidate the dynamic features of the acyl
chain. We have shown that cis-mono-unsaturated
fatty acids crystallize in various phases, among which
some reversible or irreversible solid-state phase
transitions take place. In the case of erucic acid, four
polymorphic phases (a, al, ¥ and y1) and two types
of reversible phase transition (y<>a and
vyl <> al) have been found. We found that the y
phase is quite similar to the low-melting phase of
oleic acid in its vibrational spectrum, crystal habit
and thermal behaviour (Suzuki, Sato, Yoshimoto,

© 1993 International Union of Crystallography
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Tanaka & Kobayashi, 1988; Kobayashi & Kaneko,
1990).

The obtained structure of the y phase is essentially
the same as the low-melting phase of oleic acid, as
we expected. The hydrocarbon chains on either side
of the cis-olefin group adopt all-trans conformation
and form an orthorhombic subcell with a parallel
arrangement of the skeletal planes (O’[), found in
oleic and linoleic acids (Ernst, Sheldrick & Fuhrhop,
1979). The average subcell parameters of y are a, =
7.85, b,=4.67 and c¢,=2.55A for the methyl-
terminal chain and a,=7.90, b,=4.67 and ¢,=
2.55 A for the carboxyl-terminal chain. The b, axis is
parallel to the unique b axis of the main lattice, and
the ¢, axis tilts toward the a axis by 34° for both
methyl and carboxyl sides; in other words, the (201)
plane of the subcell is parallel to the interface of the
dimer layers. The C(11)—C(12)—C(13)=C(14)—
C(15)—C(16) torsion angles are —129.1(2),

Fig. 1. ORTEP view of erucic acid y phase along the b axis.
Thermal ellipsoids are at the 50% probability level.
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—0.1 (4) and 127.5 (2)°, being recognized as skew,
cis, skew’ type.

Both the y and y1 phases show a reversible solid-
state phase transition accompanied with conforma-
tional disordering in the methyl-terminal chain on
heating (Kobayashi & Kaneko, 1990). However,
thermal factors of the acyl chains suggest that the
methyl-terminal chain is less mobile in the y phase
than in the yl phase. A steep increase of the thermal
factors of C atoms toward the terminal methyl
occurs at the C(13)=C(14) bond in the yl phase
(Kaneko, Kobayashi, Kitagawa, Matsuura, Sato &
Suzuki, 1992), while such a change is not observed in
the vy phase. The thermal factors increase gradually
toward the terminal methyl similarly to those of
n-fatty acid E-form (Kaneko, Kobayashi, Kitagawa
& Matsuura, 1990) in which no conformational dis-
order takes place. This is consistent with our recent
result obtained by spectroscopic study, where we
indicated a difference in transition behaviour
between the y—a and yl-al transitions; the y phase
holds a regular conformation until the transition
point, whereas the conformational disordering starts
at a temperature about 30° below the transition
point in the vl phase (Kaneko, Yamazaki,
Kobayashi, Sato & Suzuki, 1991).

The carboxyl-group plane (O—C==0) is twisted
by about 20° with respect to the skeletal plane of the
carboxyl-terminal hydrocarbon chain. The molecules
are dimerized via hydrogen bonds of the carboxyl
groups [O-+O 2.659 (2) A]l. The carbonyl group
C(1)=0(2) and the C(2)—C(3) bond adopt cis
geometry about C(1)—C(2).

Experimental
Crystal data
C2:Hs O, Cu Ko radiation
M, = 338.57 A=15418 A
Monoclinic Cell parameters from 25
P2 /a reflections
a=9492(2) A 6=19-31°

o . p =045 mm~
b=4674 (6)fs T=21K
c=4939 (1) A Plate
B =9365(2)° 0.60 x 0.40 x 0.10 mm
Vv =2186.8 (8) A’ Colorless
Z=4 Crystal source: grown from

D, = 1.03 Mg m~? an acetonitrile solution

Data collection

4-Circle diffractometer Riy = 0.045

w scans Omax = 120°

Absorption correction: =—-10—- 10
none k=-5—5

12964 measured reflections l=-55—-55

3 standard reflections
frequency: 80 min
intensity variation: 3%

3346 independent reflections
2789 observed reflections
[F>30(F)]
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Refinement

Refinement on F w = 1f[o?(F)+0.008F?)
Final R = 0.051 (A/0)max = 0.026

wR = 0.067 Apmax = 0.16 € A

S =152 Apmin = =020 e A3

2789 reflections

385 parameters

All H-atom parameters re-
fined

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Yol. IV) .

Table 1. Fractional atomic coordinates and equivalent
isotropic thermal parameters (A?)

Beq = %Ziszijai.aj.

x y z Beq
o) 0.1191 2) 0.7973 3) 0.00320 (3) 3.65
0Q) 0.0826 (2) 0.4245 (3) 0.03029 (3) 3.64
c) 0.1444 (2) 0.6478 (4) 0.02559 (4) 3.13
c@) 0.2510 (3) 0.7824 (5) 0.04530 (4) 3.70
C@3) 0.3193 (2) 0.5856 (4) 0.06672 (4) 3.54
C@) 0.4078 (2) 0.7535 (4) 0.08820 (4) 347
c(5) 0.4865 (3) 0.5683 (5) 0.10940 (4) .69
C(6) 05707 2) 0.7428 (5) 0.13103 (4) 3.61
(o)) 0.6521 (3) 0.5628 (5) 0.15237 (4) 377
C(8) 0.7356 (2) 0.7399 (5) - 0.17382 (4) 3.66
C©9) 0.8175 (3) 0.5618 (5) 0.19522 (4) 3.88
C(10) 0.9012 (3) 0.7391 (5) 0.21665 (4) 3.76
can 0.9837 (3) 0.5591 (5) 0.23792 (4) 4.03
c(12) 1.0693 (3) 0.7350 (5) 0.25909 (4) 4.09
c(13) 1.1618 (3) 0.5516 (5) 0.27798 (4) 4.06
C(14) 1.1719 (3) 0.5543 (5) 0.30481 (4) 423
C(15) 1.0942 (3) 0.7413 (5) 0.32366 (4) 444
c(16) 1.0213 3) 0.5700 (5) 0.34495 (5) 4.60
can 0.9557 (3) 0.7565 (5) 0.36622 (4) 4.39
c(18) 0.8856 (3) 0.5860 (5) 0.38793 (5) 474
c(19) 0.8198 (3) 0.7724 (5) 0.40912 (5) 4.65
C(20) 0.7521 (3) 0.6045 (6) 0.43126 (5) 5.05
cal 0.6847 (3) 0.7931 (6) 0.45203 (5) 5.53
CQ22) 0.6150 (4) 0.6246 (9) 0.47396 (7) 7.1

Table 2. Selected geometric parameters (A, °)

c(1)—0(1) 13172)  C(12)—C(13) 1.507 (3)
Cc()—CQ2) 1497(3)  C(13)—C(14) 1322 3)
C(1)—-0(2) 1227(2)  C(14)—C(15) 1.504 3)
C@)—C(1)—O0(1) 1231Q2)  C(12)—C(13)—C(14)  128.1(2)
0O(1)—C(1)—0(2) 123.1(2) C(13)—C(14)—C(15) 1282 (2)
C(10)—C(11)—C(12) 113.8(2) C(14)—C(15)—C(16) 112.6 (2)
C(2)—C(1)—0(2) 1138(Q2)  C(15)—C(16)—C(17) 1135 (2)
C(11)—C(12)—C(13) 1125 (2)

O(1)—C(1)—C((2)—C(3) —-161.1(2)

0(2)—C(1)—C(2)—C3) 21.5(3)
C(1)~C(2)—C(3)—C(@) —171.1(2)
C(10)—C(11)—C(12)—C(13) —1738(2)
C(11)—C(12)—C(13)—C(14) —129.1(2)
C(12)—C(13)—C(14)—C(15) —0.1(4)
C(13)—C(14)—C(15)—C(16) 127.5(2)
C(14)—C(15)—C(16)—C(17) 173.6 (2)

Data collection: Rigaku AFC-5 with software AFCM from the
Protein Research Center, Osaka University. Programs used to
refine structure: HBLS-V and FMLS (Ashida, 1979). Programs
used to plot structure: ORTEPII (Johnson, 1971). Software used
to prepare material for publication: POTP (Yasuoka, Kimura
& Mizuma, 1979) and DAPH (Ashida, 1979). The following
two types of w-scan width were used in order to avoid the
overlapping of neighbouring reflections, with an w-scan rate of
4.0° min~" and background counts for 4 s on each side of ev-
ery scan: (1.6—0.17tan6)° for reflections with § < 100° and
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(1.6—0.4tand)° for reflections with 100 < § < 120°. The molec-
ular model was initially built for 13 C and two O atoms by ref-
erence to the structure of the -y phase of oleic acid. Refinement
was by full-matrix least-squares methods.

Lists of structure factors, anisotropic thermal parameters, H-atom co-
ordinates, complete geometry and least-squares-planes data have been
deposited with the British Library Document Supply Centre as Supple-
mentary Publication No. SUP 55950 (15 pp.). Copies may be obtained
through The Technical Editor, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England. [CIF reference: OH1011]

References

Abrahamsson, S. & Ryderstedt-Nahringbauer, 1. (1962). Acta
Cryst. 15, 1261-1268. .

Ashida, T. (1979). HBLS-V, FMLS and DAPH. The Universal
Crystallographic Computing System — Osaka, pp. 53-65. The
Computation Center, Osaka Univ., Japan.

Ernst, J., Sheldrick, W. S. & Fuhrhop, J.-H. (1979). Z. Naturfor-
sch. Teil B, 34, 706-711.

Johnson, C. K. (1971). ORTEPII. Report ORNL-3794, revised.
Oak Ridge National Laboratory, Tennessee, USA.

Kaneko, F., Kobayashi, M., Kitagawa, Y. & Matsuura, Y. (1990).
Acta Cryst. C46, 1490-1492.

Kaneko, F., Kobayashi, M., Kitagawa, Y., Matsuura, Y., Sato,
K. & Suzuki, M. (1992). Acta Cryst. C48, 1060-1063.

Kaneko, F., Yamazaki, K., Kobayashi, M., Sato, K. & Suzuki,
M. (1991). Rep. Prog. Polym. Phys. Jpn, 34, 367-370.

Kobayashi, M. & Kaneko, F. (1990). J. Dispersion Sci. Technol.
10, 319-350.

Suzuki, M., Sato, K., Yoshimoto, N., Tanaka, S. & Kobayashi,
M. (1988). J. Am. Oil Chem. Soc. 62, 6371-6378.

Yasuoka, N., Kimura, T. & Mizuma, T. (1979). POTP. The
Universal Crystallographic Computing System — Osaka, pp.
88-92. The Computation Center, Osaka Univ., Japan.

Acta Cryst.. (1993). C49, 1234-1237

Structure of a Coupled Carbohydrate and
Terpenet

KHALIL A. ABBOUD, SHUJUN JIANG AND
Eric J. ENHOLM

Department of Chemistry, University of Florida,
Gainesville, FL 32611, USA

(Received 9 September 1992; accepted 4 January 1993)

Abstract

In (18-{1a,1[3R*,SR*(R*)),2a,5B8})-5-[1,2-bis(benzo-
yloxy)ethyl]-4,5-dihydro-3-[1-hydroxy-5-methyl-2-(1-
methylethyl)cyclohexyl]-2(3H)-furanone, the tetra-
hydrofuran (THF) ring exhibits a shallow conforma-
tion with atom C3 (C-4 by IUPAC numbering)

T Part 2. Part 1: Abboud, Jiang & Enholm (1993).
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