Data collection

Kuma KM-4 diffractometer
w/260 scans
Absorption correction: none
1603 measured reflections
1603 independent reflections
1436 reflections with

[ > 20(])

Refinement

Refinement on F2
RIF? > 20(F*)] = 0.035
wR(F?) = 0.101
$=1.010
1603 reflections
200 parameters
H atoms fixed
w = U[o2(F2) + (0.0594P)
+ 0.2880P]
where P = (F? + 2F2)/3

ADDLAGATTA ANTHONY ez al.

Omax = 68.10°

h=0-38

k=0—16

I=0—-19

2 standard reflections
every 100 reflections
intensity decay: <2.1%

Apmax =0.169 e A:j

Aprin = —0.166 ¢ A™?

Extinction correction:
SHELX97 (Sheldrick,
1997)

Extinction coefficient:
0.0053 (7)

Scattering factors from
International Tables for
Crystallography (Vol. C)

(A/U)max < 0.001

Table 1. Hydrogen-bonding geometry (A, °)

D—H---A D—H H--.A D---A D—H-.-A
Cl—HI12...06' 0.97 2.68 3.340(3) 125
C2—H21---017" 0.97 2.50 3.464 (3) 172
C2—H22---06' 0.97 2.74 3.409 (4) 127
Cl6—H161-..017" 0.97 2.67 3434 (4) 136
Cl6—H162- - -03" 0.97 2.63 3.525(4) 154
C18—HI181...017™" 0.96 2.61 3.514 (4) 156
CI19—H192...017" 0.96 2.71 3.515(4) 141
Symmetry codes: (i) x — 1,y,z (ii) -3 - x-1 —yz- L
[y L+x, -3 —y,—l =z (v i+x,—L —y —1-2

Data collection: KM-4 Software (Kuma Diffraction, 1989).
Cell refinement: KM-4 Software. Data reduction: KM-4
Software. Program(s) used to solve structure: SHELX97
(Sheldrick, 1997). Program(s) used to refine structure:
SHELX97. Molecular graphics: ORTEPII (Johnson, 1976) and
PLUTO (Motherwell & Clegg, 1978). Software used to pre-
pare material for publication: SHELX97.
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in part by the Indo—Polish DST-KBN cooperation pro-
gramme (INT/POL/POC/P-22/96). The research of MJ
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: KA1312). Services for accessing these
data are described at the back of the journal.
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Abstract

The crystal structure analysis of 1,11-undecanediol,
C11H240,, has been carried out by X-ray diffraction.
The hydrocarbon skeleton has an all-trans conformation.
One of the hydroxyl groups, which are located at
both ends of the hydrocarbon chain, has a gauche
conformation with respect to the skeleton, whereas
the other has a trans conformation. The molecules lie
parallel to the b axis and layers are formed with a
thickness of b/2. The molecules are arranged in an
antiparallel fashion along the a axis in these layers.
These features are similar to those of the homologues
with an odd number of C atoms, but different from those
with an even number.

Comment

Generally, long-chain aliphatic compounds have been
studied as basic models of polymers. These compounds
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have a simple chemical structure whose molecular skele-
ton is a straight hydrocarbon chain. Thus, the molecular
shape could be regarded as a rod-like one. These com-
pounds also show a layer structure just like the smectic
one of liquid crystals. Recently, these compounds have
been of great interest as model compounds of liquid
crystals (e.g. Nakamura & Yamamoto, 1994; Kobayashi
& Nakamura, 1995). Up to the present, crystal structures
of many-different kinds of long-chain compounds, for
example, n-alkanes, c-monosubstituted n-alkanes such
as n-higher alcohols, and a-monohalogenoalkanes have
been studied (e.g. Watanabe, 1961; Seto, 1962). How-
ever, there are few reports about a,w-disubstituted 7-
alkanes. Quite recently, we reported crystal structures
of three a,w-alkanediols: 1,12-dodecanediol (Nakamura
& Setodoi, 1997), 1,13-tridecanediol (Nakamura er
al., 1997) and 1,16-hexadecanediol (Nakamura & Ya-
mamoto, 1994).

The molecular structure of 1,11-undecanediol, (),
is shown in Fig. 1. The hydrocarbon skeleton has an

HO\/\/\/\/\/\/OH
O

all-trans conformation. The terminal C1—O1 bond is
gauche with respect to the skeleton [O1—C1—C2—
C3 —63.3(3)°], whereas the other terminal C11—O2
bond is trans [02—C11—C10—C9 179.3(2)°]. The
gauche conformation of the hydroxyl group has been
observed in 1-heptadecanol (Seto, 1962). The molecules
lie parallel to the b axis and layers are formed with
a thickness of b/2. The molecules are arranged in an
antiparallel fashion along the a axis in these layers, as
can be seen in Fig. 2. This packing is very similar
to the smectic A structure of liquid crystals. In this
structure, the molecules form two different types of
hydrogen bond, i.e. interlayer and intralayer hydrogen
bonds. These features are quite similar to those of 1,13-
tridecanediol. The interlayer hydrogen-bond distance
01---02is 2.710 (2) A and the 02—H?20- - -0l angle is
172.0°. The intralayer hydrogen-bond distance Ol - -02
is 2.775 (3) A and the O1—HIO- - -02 angle is 173.9°.
These values are in good agreement with those of 1,13-
tridecanediol [2.713 (2) and 2.776 (4) Al].

On the other hand, we reported in our previous pa-
pers that the homologues with an even number of C
atoms (1,12-dodecanediol and 1,16-hexadecanediol) had
different molecular and crystal structures. The hydro-
carbon skeleton had the all-trans conformation, and both
terminal C—O bonds also showed the trans conforma-
tion. The centrosymmetric molecules are arranged in a
zigzag manner to make a herring-bone motif, and could
be regarded as model structures of the smectic C liquid
crystals. 1,12-Dibromododecane (Kuple et al., 1981) and
1,16-dibromohexadecane (Kobayashi et al., 1995) also
show the herring-bone motif. In these structures, the
molecules have only interlayer hydrogen bonds.

CnH240,

O1

Fig. 1. An ORTEPII (Johnson, 1976) view of the title molecule
showing the crystallographic numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level.

A ';**:“‘
e A S L
’X‘x’& ’S‘xmx : Yy : ¥ (\%’&%’&d’

Fig. 2. The projection of the crystal structure along the ¢ axis. Dotted
lines indicate the hydrogen bonds.

Experimental

According to the conventional method, the title compound was
synthesized from commercially available undecanedioic acid
(Tokyo Kasei Kogyo Co.. Ltd) by esterification and reduction
with LiAlH;. The single crystal used for analysis was grown
by slow evaporation from a solution with a mixed solvent of
methanol and hexane (1:1).

Crystal data

C1H10: Cu Ka radiation

M, = 188.31 A=15418 A
Orthorhombic Cell parameters from 25
P2,2,2, . reflections
a=71454) A 0 =51-13.2°
b=32419(9) A @ = 0543 mm™'
c=5.142(2) A T=2982K
V=1191.1(9) A’ Plate-like

Z=4 0.8 x 0.6 x 0.1 mm
D, = 1.050 Mg m~? Colourless

D, = 1.049 Mg m~?
D,, measured by flotation in
aqueous KI



Data collection

Rigaku AFC-5R diffractom-
eter
w-20 scans
Absorption correction:
v scans (North et al.,
1968)
Tin = 0.661, Tax = 0.947
3541 measured reflections
1736 independent reflections

Refinement

Refinement on F

R =0.05

wR = 0.070

S =1.380

1341 reflections

118 parameters

H-atom parameters not
refined

NAOTAKE NAKAMURA er al.

1341 reflections with

I>2a()
Rin: = 0.035
0max=70°
h=-5-28
k=0—39
I=-3->6

3 standard reflections
every 150 reflections
intensity decay: 3.8%

w = U[o*(F,)
+ 0.00141|F,}*]

(A/T)max = 0.0004
Apmax =0.15¢ A7’
Apmin = =025 ¢ A3
Extinction correction: none
Scattering factors from

International Tables for

Crystallography (Vol. C)

Table 1. Selected geometric parameters (A, °)

01—Cl 1417 (3) C5—C6 1.519(3)
02—Cl1 1.421 (3) C6—C7 1.512(3)
Cl—C2 1.502 (3) C7—C8 1.511 (3)
Cc2—C3 1517 (3) Cc8—C9 1.516 (3)
C3—C4 1.518 (3) C9—C10 1.511 (3)
C4—C5 1.508 (3) clo—cn 1.500(3)
01—C1—C2 112.7 (2) C6—C7—C8 113.6 (2)
Cl—C2—C3 114.6 (2) C7—C8—C9 115.1(2)
C2—C3—C4 112.7 (2) C8—C9—CI10 112.8(2)
C3—C4—C5 114.7 (2) C9—C10—Cl1 114.4 (2)
C4—C5—C6 113.7(2) 02—C11—C10 109.0 (2)
C5—C6—C7 114.8 (2)

01—C1—C2—C3 —633(3)  02—CI11—C10—C9 1793 (2)

Table 2. Hydrogen-bonding geometry (A, °)
D—H.- A D—H H.-A D-.A D-H-.A

02—H20- - -01' 0.96 1.76 2.710(2) 172.0
Ol1—HI10- - -02" 0.97 1.81 2.775(3) 173.9

Symmetry codes: ()2 —x, L +y, =1 —z; (i)  —x,1 —y,z— i
All non-H atoms were refined anisotropically by full-matrix
least-squares methods. All H atoms including hydroxyl H
atoms were fixed in idealized positions.

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1992). Cell refinement:
MSC/AFC Diffractometer Control Software. Data reduction:
TEXSAN (Molecular Structure Corporation, 1995). Program(s)
used to solve structure: SAPI91 (Fan, 1991). Program(s) used
to refine structure: TEXSAN. Software used to prepare material
for publication: TEXSAN.

The authors wish to express their gratitude to Miss
T. Miyazaki for synthesizing 1,11-undecanediol. This
study was partially supported by the Science Research
Fund from the Promotion and Mutual Aid Corporation
for Private Schools of Japan.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: OB1004). Services for accessing these
data are described at the back of the journal.
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Abstract
2,4-Dichloro-N-[2,3-dihydro4-(2,5-dimethoxyphenyl)thia-
zol-2-ylidene]benzenesulfonamide, C,7H;4CI,N,0,4S,,
crystallizes in space group Pl with two independent
molecules. The structural parameters do not indicate a
tautomeric equilibrium but a single imino form. The
main differences between the two crystalline forms
lie in the intramolecular hydrogen bonding and the
relative orientation of the methoxy groups. Attractive
intermolecular interactions occur and are responsible for
the crystalline cohesion.

Acta Crystallographica Section C
ISSN 0108-2701 © 1999



