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linked sheet-like pentaalkyne and nitrofluorenone sub-units
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(Received 18 December 1997, accepted 17 January 1998)

Charge-transfer (CT) twin mesogens are presented which consist of sheet-like pentayne donor
moieties with different peripheral substituents chemically linked with nitro substituted
fluorenone sub-units via flexible alkyl spacers. A novel plastic rectangular columnar (Col,p)
phase is reported for the laterally unsubstituted member of the pentayne based CT twins.
The phase is characterized by a three-dimensional crystal-like correlation of ordered columns
in a rectangular lattice, while the molecular sub-units are still able to perform relaxation motions.

The attachment of peripheral substituents to the pentayne moieties results in a distortion
of the three-dimensional positional order and the five-fold alkyl substituted homologues
exhibit a rectangular columnar ordered (Col;,) mesophase. The rectangular lattice symmetries
originate from the chemical linkage of the flat donor and acceptor parts of the molecules
placed in an alternating manner within neighbouring columns, and the regular intracolumnar
periodicity is enhanced by charge-transfer interactions within the columns.

A further structural modification consists of the incorporation of an asymmetric carbon
into the spacer sequence resulting in pentayne based CT-twin mesogens displaying a nematic
columnar mesophase with a helical twisting of the columns (th)l). Dielectric investigations
reveal an unusual dynamic behaviour of the donor—acceptor pentaynes. The glass relaxation
process is characterized by the occurrence of two relaxation modes, both following a WLF
behaviour, a feature which has not previously been reported to our knowledge for columnar
phase-forming disc-like liquid crystal materials.

1. Introduction

Specific non-covalent interactions between two different
individual molecules may lead to anisometric aggregates
of the complementary components at a molecular level,
and it has become apparent that a control of thermotropic
liquid crystalline structures can be achieved by such
attractive intermolecular interactions arising, for example,
from hydrogen bonds or charge-transfer situations. It
is, for instance, well established that electron-rich disc-
like systems such as triphenylene ethers or radial multi-
alkynylbenzene derivatives form charge-transfer complexes
with flat but non-liquid crystalline electron acceptors
such as 2.4,7-trinitrofluoren-9-one (TNF) [1]. The CT
interactions of the two different individual molecules
incorporating either a donor or acceptor function may
cause the stabilization as well as the induction of columnar

* Author for correspondence.

mesophases [1-3]. Except for a few cases [2,4], the
columnar phases formed by binary mixtures are of the
hexagonal or the nematic columnar type.

For example, the doping of non-mesomorphic tri-
phenylene derivatives with an electron acceptor may
give rise to the induction of hexagonal columnar ordered
(Colno) phases [1,2,5]. Donor acceptor interactions
of hexagonal columnar phase forming hexa-alkoxy-
triphenylenes with TNF cause a broadening of the
temperature range of the already existing mesophase
[1,2] and thus a phase stabilization. Hexa-alkynyl-
benzene derivatives exhibiting a nematic discotic (Np)
phase as pure compounds [6,7] form charge-transfer
induced hexagonal columnar ordered (Coly,) meso-
phases [1], whereas binary mixtures of non-liquid
crystalline pentakis(phenylethynyl)benzene ethers and
TNF have been found to exhibit nematic-columnar (Ncol)
as well as Colno liquid crystalline structures [ 8—101].

0267-8292/98 $12:00 © 1998 Taylor & Francis Ltd.
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sheet-like donor

-

flat acceptor

donor-acceptor twin molecules

Figure 1. Charge-transfer twin mesogens formed through
covalent linkage of flat donor and acceptor sub-units.

The effects described so far are not limited to
individual acceptor and donor molecules; they also occur
in systems incorporating both the donor and acceptor
functions into a single molecule. This approach involves
the chemical linkage of a flat anisometric moiety acting
as an electron donor with a functional acceptor sub-unit
via a flexible alkyl spacer (figure 1) [3]. Such charge-
transfer twin molecules incorporating planar electron-
rich triphenylene groups separated from an acceptor

=~O)

(O)-0-CHI=OH  +  HOOC-X-O-y :

moiety by a flexible spacer segment have recently been
reported [11].

This paper is concerned with the donor—acceptor twin
mesogens 3 and 4 (see figure 2), consistent with the
general structure type presented in figure 1. Sheet-shaped
penta-alkynes and nitro substituted fluorenone derivatives
are covalently linked. We expected that the attachment of
an intramolecular acceptor function to the periphery
of the anisometric pentayne core—i.e. the combination
of different structural elements within one molecule—
would offer a broader scope for the control and the
richness of columnar structures than that displayed
between two different disc-like donor and acceptor
molecules. We will, in particular, focus on the synthesis,
the mesomorphic properties and the unusual structural
and dynamic properties of compounds 3 and 4.

2. Results and discussion
2.1. Synthesis
The synthesis of the donor—acceptor twin molecules 3
was performed by esterification of pentakis(arylethynyl)-
benzenes 1 [10,12] carrying a terminal hydroxy

O,N
NO,
Qr’

O.N

R 2a: X=(CH;),; Y=H
2b: X=C*HCHs; Y=NO,

1a: R=H; 1b: R=CHj; 1c: R=05H11

Figure 2. Synthesis of the twin

molecules 3 and 4 with flat R
penta-alkyne donor sub-units
and nitrofluorenone  based 3a-¢c  X=(CHy),

acceptors coupled to each other
chemically via a flexible spacer.

4a-c  X=C*HCH,

l DCC/DMAP

O:N

Ohvo,

O—(CHg)11—0-CO-X-O~y .
O

O2N

Y=H R=H (3a), R=CH, (3b) R=CgHy; (3c)
Y=NO, R=H (4a), R=CH, (4b) R=C:H, (4c)
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substituent with 3-(2,4,7-trinitro-9-fluorenylideneamino-
oxy)propionic acid 2a in the presence of N,N'-dicyclo-
hexylcarbodiimide (DCC) and catalytical amounts of
4-dimethylaminopyridine (DMAP) [13].

Different substituents were attached to the periphery
of the pentayne part of the compounds 3 to influence
the size of the molecules and thus the efficiency of the
expected donor acceptor interactions, while the structure
of the TNF-based acceptor sub-units and the spacer
length were kept constant. The appropriate reactions
of the hydroxy terminated pentaynes 1 with (—)-2-
(2,4,5,7-tetranitro-9-fluorenylideneamino-oxy)propionic
acid [ (—)-TAPA] 2b, yielding the twin molecules 4, were
performed to incorporate a centre of chirality as an
additional intramolecular functionality into the spacer
sequence. Structural proof for the twin molecules 3 and
4 is based on spectroscopic data. Full details are given
in the experimental section.

2.2. Structure formation by the CT-twin molecules 3

Preliminary investigations have shown that the
CT-twin molecules 3a and 3¢ exhibit an enantiotropic
liquid crystalline phase characterized by a fan-shaped
texture [13]. The laterally unsubstituted pentayne 3a
forms, in addition, an enantiotropic nematic columnar
(Necol) mesophase at elevated temperatures, and optical
microscopy gives evidence for a monotropic nematic
phase in the case of the five-fold pentyl substituted
member 3¢ upon cooling from the isotropic melt. The
transition of the donor—acceptor twin 3b to the isotropic
state is accompanied by decomposition of the compound
and only non-specific optical textures were observed.
The low temperature phases of the CT mesogens 3 can
be quenched into a glassy state, the glass transition
temperatures decreasing with increasing size of the
penta-alkyne sub-units (table 1).

The observed fan-like textures possibly indicate the
existence of a higher ordered columnar structure for the
low temperature phases of the twin mesogens 3 [13].
X-ray investigations were performed to determine the
types of these mesophases. The X-ray diffraction patterns
confirm a columnar structure for the donor-acceptor
twins 3a—c. The scattering diagram of the laterally

unsubstituted penta-alkyne mesogen 3a is presented in
figure 3. It displays two sharp reflections in the small
angle region that can be indexed as (100) and (110)
reflections on the basis of a rectangular lattice with
a=0>. The amorphous halo in the wide angle region is
superimposed by an intense (00 1) and a weak (10 1)
reflection. The (00 1) reflection indicates a periodical
intracolumnar stacking of the flat donor and acceptor
molecular units. The (1 0 1) reflection, on the other hand,
points to the correlation between the two-dimensional
aspects of the rectangular lattice and the one-dimensional
lattice along the columnar direction.

These scattering characteristics give evidence of a
three-dimensional crystal-like positional order. Yet,
keeping in mind the observation of a glass transition by
DSC and of an amorphous halo that can be attributed
to a liquid-like ordering of the flexible spacer, we are
forced to the conclusion that the low temperature phase
of compound 3a is, in fact, not crystalline. The features
observed here, however, are close to the ones recently
reported for triphenylene derivatives [14,15] and
attributed to a plastic hexagonal columnar (Colyp ) phase.
This phase is characterized by a three-dimensional
correlation of the columns, while the molecules within
the columns are able to rotate. We thus conclude that
the CT-twin 3a displays a plastic rectangular columnar

80
3a (R=H) (001)
60 -
3
.}
.g 40 (100)
8
B (101)
20
/
(110)
T T T T T

5 15 25 35
Scattering angle 26 [°

Figure 3. Wide angle X-ray diffractogram obtained for the
plastic rectangular columnar (Col;,) phase of the pentayne
twin molecule 3a.

Table 1. Phase transition temperatures (°C) for the donor—acceptor pentaynes 3a—c as determined by differential scanning
calorimetry; transition enthalpies (kJ mol™!) are given in parentheses; transitions observed on cooling 3¢ are in square
brackets. 7, = glass transition temperature; Col; = rectangular columnar; N = nematic columnar; I =isotropic.

Compound T, Col, Neol I
3a . 59-7 . 124:5(1-5) . 134-0(0-8) .

3b . 345 . 2246 (dec.) .

3c . —149 . 67-4 (2:4) — .

. [50]* . [591° .

* Observed on cooling by polarizing microscopy.
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(Colip) phase with a three-dimensional structure of
ordered columns in a rectangular lattice and with a local
internal mobility of the molecules or molecular sub-units.
The mobility may result from the liquid-like ordering of
the spacer and, in addition, probably from rotational
movements of the pentayne donor and acceptor groups
within the columns. NMR investigations on deuteriated
samples would be helpful for a deeper insight into the
character of the motions of the molecular sub-units.

The X-ray investigations reveal that the twin com-
pounds 3b and 3¢ exhibit a columnar mesophase with a
rectangular lattice symmetry (¢« =5) and a periodical
intracolumnar structure. However, whereas in the case
of compound 3b the (1 0 1) reflection is still visible as a
shoulder on the high angle side of the (0 0 1) reflection
in the wide angle region, it disappears completely for
the pentayne twin 3c, indicating the disappearance of
three-dimensional positional order. Distortions probably
arise from the peripheral pentyl substituents of the
pentayne sub-units due to an interdigitation of the alkyl
side chains into neighbouring columns. The lattice para-
meters of the donor—acceptor mesogens 3 are summarized
in table 2.

Figure 4 illustrates the structural model for the
rectangular columnar phase of the CT-twin compounds 3.
The donor and acceptor moieties of the molecules are
arranged in an alternating manner in neighbouring
columns. The chemical linkage of the donor and
acceptor sub-units facilitates the formation of such a two-
dimensional rectangular lattice, whereas the intracolumnar
periodicity results from non-covalent charge-transfer
interactions within the columns. These special features
give rise to a three-dimensional order, at least in the
case of compound 3a, which is the first example of a
mesogen that exhibits a plastic rectangular columnar
(Colip) phase.

Table 2. Lattice constants « and ¢ for the rectangular
columnar phases of the pentayne twin molecules 3.

Compound alA clA
3a 14-8 35
3b 159 3-6
3¢ 17-2 4-1

a

Figure 4. Structural model proposed for the rectangular
columnar mesophases of the non-chiral pentayne
donor—acceptor twin mesogens 3.

2.3. Structure formation by the chiral donor—acceptor
pentaynes 4

The twin compounds 4 were prepared in order to
elucidate the influence of an additional intramolecular
chiral functionality on the structure of pentayne based
donor—acceptor mesogens. It is apparent from calori-
metric and optical investigations that an enantiotropic
mesophase exists for each chiral CT-twin 4a—c. The
transition temperatures are given in table 3. The first
transition corresponds to a glass transition as in the
case of the compounds 3; the second corresponds to
the clearing temperature as observed by polarizing
microscopy. Within the mesophase range the CT-twin
molecules 4 exhibit a strain texture typical for a chiral
nematic phase with, however, an unusually high viscosity.

Compared with those for the non-chiral analogues 3,
the X-ray diagrams of the donor—acceptor compounds
4 show a broadening of the reflections in the small angle
region as well as at larger scattering angles. Figure 5
displays, as an example, the WAXS diffractogram of
compound 4b. The diffraction pattern can be attributed
to a columnar arrangement with only positional short
range order of the columns [2, 8].

Taking all these findings into account it seems most
reasonable to assume that the pentayne donor—acceptor
mesogens 4 exhibit a nematic columnar liquid crystalline
structure with a helical twisting of the columns. The
corresponding structural model of the chiral nematic

Table 3. Phase transition temperatures of the chiral twin
mesogens 4. T, = glass transition temperature; T; = clearing

temperature.

Compound T,/°C Ti/°C
4a 59-1 94-7
4b 74-0 195-0
4c 10-8 765

4b (R=CHy)
102 -
3
i
2
2
i)
=
T T T T T
5 15 25

Scattering angle 26/°

Figure 5. WAXS diffractogram of the chiral twin compound
4b.
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columnar (Nil) phase is presented schematically in
figure 6.

It seems obvious that the structure formation of the
twin mesogens 3 and 4 is effected not only by the
intermolecular CT interactions, but also by the chemical
nature of the spacer connecting the pentayne donor and
acceptor molecular parts. The thermal properties of
binary mixtures of the hydroxy substituted penta-
alkynes 1 (used for the synthesis of compounds 3 and 4)
with electron acceptors illustrate the role of this kind
of chemical linkage very distinctly. The peripherally
unsubstituted pentayne la shows no liquid crystalline
properties as a pure compound [12], but the penta-
alkyne 1b incorporating five methyl groups and the five-
fold pentyl substituted homologue 1c¢ [10] exhibit an
enantiotropic nematic-discotic (Np) mesophase.

The phase behaviour of equimolar mixtures of
the hydroxy terminated pentakis(arylethynyl)benzene
derivatives 1 with 2,4,7-trinitro-9-fluorenone (TNF)—
which are comparable to the twin mesogens 3 and 4
with respect to the molar ratio of donor to acceptor—
strongly depends on the substituents attached to the
periphery of the penta-alkyne donor. The equimolar
mixture of the laterally unsubstituted penta-alkynyl
alcohol 1a and TNF exhibits a CT-induced nematic
columnar (Nco) mesophase [ 12], whereas in the case of
the five-fold pentyl substituted pentayne 1c¢, the donor—
acceptor interaction with TNF leads to the induction of
a hexagonal columnar ordered (Colp,) phase [10]. The
pentayne 1b incorporating five methyl groups does not
show mesophase induction in mixtures with TNF. The

Figure 6. Structural model of the Neol phase of the twin
compounds 4 incorporating a centre of chirality.

equimolar mixture 1b/TNF exhibits an Np phase, how-
ever, with a broader temperature range than the pure
compound 1b. On the other hand, 1b is the only member
within the series of compounds 1 that is found to exhibit
an induced chiral nematic (NS) phase using (—)-TAPA
as a chiral dopant. This only holds, however, up to a
dopant concentration of approximately 35 mol % and
not for an equimolar composition. This behaviour is
similar to that reported by Praefcke et al. for hexadecyl
pentayne ethers with different peripheral substituents
doped with (—)-TAPA [16]. It is thus apparent that the
chemical linkage [3] of the flat pentayne donor with
nitrofluorenone based acceptor sub-units gives rise to
liquid crystalline structures of the CT twins 3 and 4
which differ significantly from the ones obtained by
simply mixing the two components.

2.4. Dielectric investigations

Dielectric relaxation spectroscopy was used to study
the freezing-in process of the donor—acceptor molecules
3 and 4 and to characterize the dynamic behaviour
within the liquid crystalline phases as a function of the
internal order. The twin molecules investigated here
show in general two relaxation processes. A thermally
activated relaxation process is observed for all compounds
at low temperatures (<0°C), and this obeys the Arrhenius
law (B-relaxation, figure 7). A further relaxation process
was found for compounds 3¢ and 4a—c, this taking place
at temperatures above the static glass transition. The
process does not show a linear dependence of the
relaxation frequency on the inverse of the temperature
in the activation diagram (figure 8).

Activation energies in the range of 30-40kJ mol ™'
were found for the B-relaxation in all cases. Obviously,
these values show no significant dependence on the
peripheral substituents of the pentayne groups. This fact
and the low values of the activation energies indicate
that this relaxation is caused by local rotational or flip
motions of the ester group within the spacer [17]. Such
a type of motion should not be affected by structural

Table 4. Phase transition temperatures (°C) of the pure pentaynes 1 and of selected binary mixtures with electron acceptors; data
from DSC, 2nd heating at 5 K min~'; transition enthalpies (kJ mol ') in parentheses. Np = nematic discotic; N¢o,i = nematic

columnar; Colno = hexagonal columnar ordered.

Compound/mixture Phase transitions
1a Cr 117-8 (299) I
1b Cr 171-6 (43-9) Np 2266 (0-5) I
1c Cr 67-0 (25-8) Np 942 (0-2) I
1a/TNF (1:1) Cr 131:0 (30-0) Neol 1580(1-1) I
1b/TNF (1:1) Cr 1199 (7 Np 219:3(0°1) I
1c/TNF (1:1) Cr — Colpo 1100 (4-7) I
1b/TAPA (85:15) Cr 1699 (29-1) No 2136 (0-3) I
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Figure 7. Arrhenius diagram for the secondary relaxation of
compound 3b.
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Figure 8. WLF diagram for the a-relaxation of 4b.

properties of the discotic end groups because of the long
spacer segments.

The relaxation process above the static Ty shows
a relaxation strength which is about one order of
magnitude larger than that of the low temperature
relaxation. This relaxation process is related to the glass
transition (a-process) and its temperature dependence
can be described by the Williams—Landel-Ferry (WLF)

Table 5. Activation energies for the low temperature
B-relaxation process of compounds 3 and 4.

Compound E./kJ mol ™!
3a 33
3b 39
3¢ 37
4a 38
4b 36

4c 30

equation [ 18], as is apparent from figure 8,

VT CI(T _ Tg)
log| — \=—7"—————""—. (1)
(ng) Cor+ (T —Ty)

Using the WLF equation, a static glass transition
temperature (taking the temperature at a frequency of
0-01 Hz or a relaxation time of 100 s) can be extrapolated
from the dielectric relaxation data and this agrees with
the calorimetric value (figure 8). Table 6 shows the fitted
WLF parameters for the twins investigated. For an
‘ideal’ polymer, the WLF parameters are C1 =17-4 and
C2=51-6°C.

It is apparent from table 6 that it is the parameter C»
in particular which depends strongly on the system
investigated. We will now discuss these findings in terms
of fragility as proposed by Angell. The fragility parameter
m is defined as

_ddog o)

d(T/Tg)a Tg. (2)

The limits for a strong glass are m = 16 and for a fragile
glass m =200 [ 19]. High values for C; lead to a decrease
in the slope of the WLF curve, indicating lower fragility.
In the case of triphenylene systems, we have observed
the behaviour of a strong glass within a highly ordered
columnar phase. The glass relaxation process was
thermally activated with an activation energy of about
100kJ mol ™" [14]. Figure 9 presents the Angell plots
of the twin systems investigated, along with the limits
for strong and fragile glasses. It is apparent that com-
pounds 3 and 4 cover the range between strong and
fragile glasses. The glass relaxation process is probably
related to a freezing-in of rotational processes along
the columnar axis. Earlier dielectric investigations in
combination with NMR measurements of triphenylene
systems lead to these conclusions [20].

Figure 10 shows a surprising result. It displays the
relaxation behaviour of compound 4c¢, for which we
measured a superposition of two relaxation processes in
the range of the glass relaxation. This kind of double
relaxation was also observed for the compounds 3¢, 4a

Table 6. WLF parameters and glass temperatures (dielectric
spectroscopy and DSC) for the CT-twin molecules 3¢

and 4a-—c.
WLF parameter Glass transition
Compound C1 C2/°C Tg,DK/OC Tg,Dsc/OC
3c 133 1039 —-20-0 —144
4a 88 13-4 72-5 59-1
4b 112 259 83-8 74-4
4c 10-8 540 158 10-8
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Figure 9. Angell plots for the glass relaxation of the twin
compounds 3 and 4.
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Figure 10. Double relaxation of 4¢ above the glass transition
at 70°C.

and 4b, but here the two relaxation modes appeared so
close together that a separation was not possible. It is
well known that the glass relaxation of discotic materials
consists, in general, of a single relaxation process. The
occurrence of two relaxation modes above 7y in the
region of the glass transition process, however, has
frequently been reported for calamitic liquid crystalline
and even for amorphous side group polymers, where the
thermally activated §-relaxation is superposed on the
glass transition [21-23]. This d-relaxation is known to
arise from a rotational movement of the calamitic side
groups around the long axis of the polymer main
chain. A narrow distribution of relaxation times is often
found for this process [22]. In order to obtain more
information on the double relaxation behaviour, we
have analysed the relaxation time distribution for the
discotic systems.

The dielectric relaxation was characterized using the
empirical Havriliak—Negami equation [24]

Ae
[1+ (ia)‘m)1 _a]ﬁ

8*:

€ oo (3)
where ¢ is the dielectric permittivity at infinite fre-
quencies. Ag represents the relaxation strength and the
Havriliak—Negami parameters a and B describe the
width and symmetry of the corresponding relaxation
time distribution.

In order to achieve a separation for the two relaxation
processes of 4¢, we used a fitting function that is adapted
to the loss factor of the dielectric permittivity, ¢” and
which consists of two single Havriliak—Negami functions

&' (0) = ami (o) + aine (o). (4)

Table 7 shows the fitting parameters obtained for the
two relaxation curves at 7 =70°C.

The second relaxation mode (at lower frequencies and
higher temperatures, respectively) can be characterized
by a narrow (a~0) and relatively symmetric (8=0-7)
distribution of relaxation times, whereas the first
relaxation mode shows a less symmetric and relatively
broad distribution. This result seems to indicate a super-
position of the glass relaxation (mode 1) with a ‘3-like’
secondary relaxation process. Nevertheless, the temper-
ature dependence for both processes follows the WLF
equation, with similar WLF parameters and the extra-
polated static glass transition temperatures are close to
the ones obtained by DSC (table 8).

A detailed characterization and analysis of this
unusual dynamic behaviour will follow in a further
publication. Up to now, we suppose that the appearence
of the double relaxation is caused by a slight separation
of the rotational movement for the penta-alkyne groups

Table 7. Fitting parameters for the relaxation of 4¢ at 70°C.

Parameter Relaxation mode 1 Relaxation mode 2
THN/S 8:55%107° 128 x 10~
Ag 1-54 0-58
o 026 0-04
B 045 0-70

Table 8. WLF parameters for the separated relaxation modes
of the twin 4c.

Parameter Relaxation mode 1 Relaxation mode 2
C 119 10-8
Cy/°C 42-2 54-0
Tg,DK/OC 14 16
Typsc/°C 10-8
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on the one hand and the acceptor units on the other,
within the frequency domain.

3. Conclusions

The donor—acceptor twin compounds 3 and 4, based
on flat electron-rich penta-alkyne and nitrofluorenone
sub-units, are representatives of a novel class of liquid
crystals. The structure formation of the twin mesogens
3 and 4 results from a delicate balance between non-
covalent intermolecular charge-transfer interactions and
the chemical linkage of the pentayne donor with the
acceptor sub-units. Mesomorpic rectangular columnar
structures as displayed by the compounds 3 have not
been reported previously for this kind of combination
of different structural elements within one molecule,
or for binary mixtures consisting of disc-like donor
and acceptor molecules. The novel plastic rectangular
columnar (Col:p) phase formed by the pentayne twin 3a
bridges the gap between the crystalline state and ordered
columnar liquid crystalline phases. Furthermore, the
structure formation of the twins 3 and 4 is effected by
the chemical nature of the spacer giving rise to chiral
nematic phases for the compounds 4 different from those
of the mesogens 3. It seems obvious that the combination
of flat pentayne based donor and acceptor sub-units
within one molecule offers novel modes of controlling
liquid crystalline structures.

4. Experimental
4.1. Synthesis of the pentayne based donor—acceptor
twin compounds 3 and 4

To prepare the twin mesogens 3, 0-60 mmol of the
appropriate hydroxyundecyl pentakis(phenylethynyl)-
phenyl ether 1 [10] and 2-:0mmol of 3-(2,4,7-trinitro-
9-fluorenylideneamino-oxy)propionic acid 2a [11] were
dissolved in 8 ml of dry dioxane with heating; Sml of
absolute dichloromethane were added and the mixture
was cooled to 0°C. Under a nitrogen atmosphere a
catalyticamount of DMAP dissolved in 0-5ml of CH,Cl,
was added with stirring of the mixture followed by the
dropwise addition of 2-0mmol of DCC in I-5ml of
CH:Cl,. Stirring was continued at room temperature
for 70 h. The resulting precipitate was filtered off,
washed with CH»Cl, and the combined solutions were
evaporated in vacuum. The residual crude products 3
were purified by flash chromatography using Kieselgel
60, 230-400 mesh (E. Merck, Darmstadt); details are
given below.

The synthesis of the chiral twins 4 was performed
analogously to the above procedure, but using equimolar
amounts of the hydroxy-substituted pentaynes 1 and
(—=)-TAPA 2b. The commercially available (—)-TAPA
was used without further purification.

The phase transition temperatures of the pure com-
pounds 3 and 4 are collected in tables 1 and 3, respectively.

4.1.1. 11-[Pentakis(phenylethynyl) phenoxy Jundecyl
3-(2,4,7-trinitro-9-fluorenylideneamino-oxy)-
propionate, 3a

Two flash chromatograms with light petroleum/ethyl
acetate (10:3) as eluent; one recrystallization from

CH:Cly/ethanol. Yield 61-2%, C7;3Hss N4O1o (Mw 1149-3).

IR (KBr): v=2210 (C=C), 1735 (COO), 1530 (NOz), 1340

(NO») em™". "H NMR (CDCl): & (ppm)= 129-147

(m, 12H, CH3»), 1-67 (m, 4H, CH3), 194 (m, 2H, CHa>),

290 (t, 2H, CH>-CO-0, J=64Hz), 417 (t, 2H,

CH>-0O-CO, J=64Hz), 433 (t, 2H, CH>-O-phenyl,

J=6'1Hz), 479 (t, 2H, CH>-O-N, J=64Hz), 7-44

(m, 15H, phenyl), 7-63 (m, 10H, phenyl), 813-9-28

(m, 5H, TNF).

4.1.2. 11-[Pentakis(4-methylphenylethynyl)phenoxy ]-
undecyl 3-(2,4,7-trinitro-9-fluorenylideneam ino-
oxy)propionate, 3b

One flash chromatogram with light petroleum/ethyl
acetate (10:5) as eluent; one recrystallization from

CH:Cl/ethanol. Yield 56:1%, C7s Hes NaO1o (Mw 1219-4).

IR (KBr): v=2220 (C=C), 1740 (COO), 1530 (NO>),

1345 (NO2) em~'. 'NMR (CDCL): & (ppm)= 138

(m, 12H, CH3), 1-68 (m, 4H, CH32), 1:93 (m, 2H, CH>),

2-46 (s, 15H, CH3), 2-90 (t, 2H, CH,-CO-0, J =67 Hz),

416 (t, 2H, CH»-O-CO, J=64Hz), 429 (t, 2H,

CH;-O-phenyl, J=5-8Hz), 477 (t, 2H, CH>-O-N,

J=6-7Hz), 7-23 (m, 10H, phenyl), 7-50 (m, 10H, phenyl),

8:11-9-25 (m, 5H, TNF).

4.1.3. 11-[Pentakis(4-pentylphenylet hynyl) phenoxy J-
undecyl 3-(2,4,7-trinitro-9-fluorenylideneam ino-
oxy)propionate, 3c

Two flash chromatograms with light petroleum/ethyl
acetate (10:1) as eluent. Yield 43-0%, CosHios N4O1o

(Mw 14999). IR (KBr): v=2220 (C=C), 1750 (COO),

1530 (NO»), 1340 (NO;) ecm~'. '"H NMR (CDCl):

5 (ppm)=0-85 (t, 15H, CH3, J=6:6Hz), 1-18-1-31

(m, 30H, CHz, pentyl chains), 1-58 (m, 16H, CH2, undecyl

chain), 1-81 (m, 2H, CHz, undecyl chain), 2-56 (t, 10H,

CHaz, pentyl chains, J = 7-5 Hz), 2-78 (t, 2H, CH>—-CO-0,

J=6:6Hz), 405 (t, 2H, CH»-O-CO, J=63Hz),

4-18 (t, 2H, CH>-O-phenyl, J=5-8 Hz), 466 (t, 2H,

CH;-O-N, J=63Hz), 7-12-7-19 (m, 10H, phenyl),

7-37-7-43 (m, 10H, phenyl), 7-99-8-94 (m, SH, TNF).

4.1.4. 11-[Pentakis(phenylethynyl) phenoxy Jundecyl
2-(2,4,5,7-te tranitro-9-fluorenylidenea mino-oxy) -
propionate, 4a

Two flash chromatograms with light petroleum/ethyl
acetate (10:3) as eluent. Yield 42-:3%, C73Hs5Ns5O12
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(Mw 1194-3). IR (KBr): v=2200 (C=C), 1745 (COO),
1530 (NOy), 1340 (NO:) em~'. '"H NMR (CDCl):
8 (ppm)= 126145 (m, 12H, CH2), 1-68 (m, 4H, CHa2),
172 (d, 3H, CHs, /=7-0Hz), 194 (m, 2H, CHa),
419 (t, 2H, CH,-O-CO, J=60Hz), 434 (t, 2H,
CH,-O-phenyl, /=59 Hz), 524 (q, 1H, CH, J=7-0 Hz),
7-35-7-43 (m, 15H, phenyl), 7-50-7-61 (m, 10H, phenyl),
8:50 (d, 1H, TAPA, J=2-0Hz), 865 (d, 1H, TAPA,
J=2-0Hz), 8-74 (d, 1H, TAPA, J=2-0Hz), 937 (d, 1H,
TAPA, =20 Hz).

4.1.5. 11-[Pentakis(4-methylphenylethynyl)phenoxy |-
undecyl 2-(2,4,5,7-te tranitro-9-fluorenylidene-
amino-oxy) propionate, 4b

One flash chromatogram with light petroleum/ethyl
acetate (10:2) as eluent. Yield 63:3%, C7sHgsNsOia2

(Mw 1264-4). IR (KBr): v=2200 (C=C), 1750 (COO),

1535 (NOy), 1340 (NOz) em~'. '"H NMR (CDCl):

S (ppm)=126-1-67 (m, 16H, CH»), 1-71 (d, 3H, CHs,

J=70Hz), 190 (m, 2H, CHz), 2:42 (s, 15H, CHa3),

417 (t, 2H, CH>-O-CO, J=6:0Hz), 430 (t, 2H,

CH>-O-phenyl, /=6-:0Hz), 521 (q, 1H, CH, J=7-0Hz),

7-16-7-23 (m, 10H, phenyl), 7-36—7-49 (m, 10H, phenyl),

842 (d, 1H, TAPA, y=2:0Hz), 860 (d, 1H, TAPA,

J=2:0Hz), 8:67 (d, 1H, TAPA, J=2-0Hz), 9-30 (d, 1H,

TAPA, 7=2-0Hz).

4.1.6. 11-[Pentakis(4-pentylphenylet hynyl) phenoxy J-
undecyl 2-(2,4,5,7-te tranitro-9-fluorenylidene-
amino-oxy) propionate, 4c

Two flash chromatograms with light petroleum/ethyl
acetate (10:1) as eluent. Yield 53:6%, CosHiosNsOi2

(Mw 1544-9). IR (KBr): v=2200 (C=C), 1755 (COO),

1540 (NOy), 1340 (NOz) em~'. '"H NMR (CDCl):

5 (ppm)=094 (t, 15H, CH3, J=6'6Hz), 1-26-1:60

(m, 16H, CH_, undecyl chain and 30H, CH_, pentyl

chains), 172 (d, 3H, CH3, J=7-0Hz), 192 (m, 2H,

CHaz, undecyl chain), 2:67 (t, 10H, CH2, pentyl chains,

J=6'5Hz), 418 (t, 2H, CH>-O-CO, J=6-0Hz), 4:32

(t, 2H, CH>-O-phenyl, J=6-0Hz), 520 (q, 1H, CH,

J=T70Hz), 7:17-725 (m, 10H, phenyl), 7-34-7-52

(m, 10H, phenyl), 837 (d, 1H, TAPA, /=2-0Hz),

8:52 (d, 1H, TAPA, y=2-:0Hz), 869 (d, 1H, TAPA,

J=2:0Hz), 931 (d, 1H, TAPA, J=2-0Hz).

4.2. Preparation of binary charge-transfer complexes

Binary mixtures of the hydroxy-substituted penta-
alkynylbenzenes 1 and either TNF or (—)-TAPA as
the electron acceptors were prepared by dissolving the
components separately in dichloromethane, mixing the
solutions and evaporating the solvents (see also [16]).
Thermal investigations were performed after drying
of the residues in vacuum. Molar ratios and phase

transition data for the CT complexes are summarized
in table 4.

4.3. Instrumental

IR spectra were recorded with an M 80 spectrometer
(Carl Zeiss Jena); '"H NMR spectra were obtained using
a Bruker AMX 300 spectrometer. Texture observations
were made using an Olympus BHS polarizing micro-
scope in conjunction with a Linkam TMH/S 600 hot
stage and a Linkam TP 92 control unit. Photo micro-
graphs were obtained with an Olympus OM-4 Ti system
camera. Calorimetric investigations were carried out
with a Perkin Elmer DSC 7 and a Mettler TA 3000/DSC
30. Wide angle X-ray scattering analyses were performed
with a Siemens 5000 diffractometer. The relaxation
behaviour was analysed using dielectric relaxation spectro-
scopy covering a frequency range from 100 Hz to 1 MHz
(Hewlett Packard impedance analyser HP 4284A). A
nitrogen gas heating system ensured a precision of
0-62 K within a temperature range of 100-470 K. The
experimental set-up is described in detail elsewhere
[25].

The finanical support of the Deutsche Forschungs-
gemeinschaft (Ja 668/6-1 and We 496/14-1) and the
Land Brandenburg is gratefully acknowledged.

References

[1] Bengs, H., EBerT, M., KArRTHAUS, O., KOHNE, B.,
PrAEFCKE, K., RiNGsDORE H., WENDORFF, J. H., and
WUSTEFELD, R., 1990, Adv. Mater., 2, 141.

[2] EBerT, M., Frick, G., BAEHR, C., WENDORFF, J. H.,
WUSTEFELD, R., and RINGSDORE H., 1992, Liq. Cryst.,
11, 293.

[3] PrRAEFCKE, K., and HOLBREY, J. D., 1996, J. incl. Phenom.
mol. Recog. Chem., 24, 19.

[4] JaNieTZ, D., FESTAG, R., ScHMIDT, C., and WENDORFF,
J. H., 1996, Liq. Cryst., 20, 459.

[5] RiNGSDORF, H., WUSTEFELD, R., ZERTA, E., EBERT, M .,
and WENDORFF, J. H., 1989, Angew. Chem., 101, 934.

[6] Koung, B., and PrRAEFCKE, K., 1987, Chimia, 41, 196.

[7] PrAEFCKE, K., KoHNE, B., and SINGER, D., 1990, Angew.
Chem., 102, 200.

[8] PraErckE, K., SINGER, D., Koune, B., EBERT, M.,
LieBMANN, A., and WENDORFFE, J. H., 1991, Ligq. Cryst.,
10, 147.

[9] PrRAEFCKE, K., SINGER, D., LANGNER, M., KOHNE, B.,
EBERT, M., LIEBMANN, A., and WENDORFE, J. H., 1992,
Mol. Cryst. lig. Cryst., 215, 121.

[10] JaniETZ, D., PRAEFCKE, K., and SINGER, D., 1993, Ligq.
Cryst., 13, 247.

[11] MOLLER, M., Tsukruk, V. V., WENDORFF, J. H.,
BENGs, H., and RiNGsporE H., 1992, Lig. Cryst., 12, 17.

[12] JaniETz, D., HoFMANN, D., and REICHE, J., 1994, T hin
Solid Films, 244, 794.

[13] JaniETZ, D., 1996, Chem. Commun., 713.

[14] GLUsEN, B., HErtz, W., KETTNER, A., and WENDORFF,
J. H., 1996, Liq. Cryst., 20, 627.



19: 55 25 January 2011

Downl oaded At:

890

[15]

[16]
[17]
[18]
[19]

Mesomorphic donor—acceptor

HENDERSON, P., KUMAR, S., REGO, J. A., RINGSDORF, H.,
and ScHUHMACHER, P., 1995, J. chem. Soc., chem.
Commun., 1059.

PrRAEFCKE, K., SINGER, D., and EckEirt, A., 1994, Ligq.
Cryst., 16, 53.

JoHARI, G. P., and GoLDSTEIN, M., 1970, J. chem. Phys.,
53, 2372.

WiLLiams, M. L., LANDEL, R. F., and FErRry, J. D., 1955,
J. Am. chem. Soc., 77, 3701.

BoHMER, R., and ANGELL, C. A., 1992, Phys. Rev. B,
45, 10 091.

[20]
[21]
[22]
[23]

[24]
[25]

twin molecules

MOLLER, M., WENDORFF, J. H., WEerTH, M., and
Spiess, H. W., 1994, J. non-cryst. Solids, 170, 295.
SeiBeRLE, H., StiLLe, W., and StrOBL, G., 1990,

Macromolecules, 23, 2008.

Kozak, A., Moura-Ramos, J. J. Smmon, G. P., and
WiLLiams, G., 1989, Makromol. Chem., 190, 2463.
Baenr, C., GLUSEN, B., and WENDORFF, J. H., 1994,
Macromol. Chem., rapid Commun., 15, 327.

HAVRILIAK, S., and NEGawmi, S., 1967, Polymer, 8, 161.
KREMER, F., Bogsg, D., MEIER, G., and Fi1SCcHER, E. W,
1989, Prog. colloid polym. Sci., 80, 129.



