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ABSTRACT

The synthesis and characterisation of 10 members of the [4[(E)-[4-[4-[w-(4-cyanophenyl)phenoxy]
alkyloxyl-3-nitrophenyllmethylideneaminolphenyl] 2,4-dimethoxybenzoates is reported in which
the number of methylene units in the flexible spacer is increased from three to twelve. The
mesogenic units are based on cyanobiphenyl and 3-nitrobenzylideneaniline benzoate and linked
by the spacer such that their dipoles are parallel giving rise to a large longitudinal dipole moment.
All 10 members of the series show a nematic phase, and the nematic-isotropic transition tempera-
tures, Ty;, and associated entropy changes show a strong dependence on the length and parity of
the spacer. This behaviour is attributed to the average shapes of the molecules and their flexibility.
The heptyl member was further characterised using dielectric spectroscopy revealing a high value
of dielectric permittivity reflecting the large dipole moment of the molecules and possibly
indicating local short-range ferroelectric order. The synthesis and characterisation of two members
of the [4[(E)-[4-[4-[3-(w-cyanophenyl)phenoxylalkyloxy]-4-nitrophenyllmethylideneamino]phenyl]
2,4-dimethoxybenzoates are also described for which the difference in shape between odd and
even members is reduced. Both dimers are exclusively nematogenic and the difference between
T for the odd and even member is smaller reflecting the more similar molecular shapes. The
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potential for developing dimers that exhibit the ferroelectric nematic phase is discussed.

1. Introduction

In selecting a theme for our contribution to this
Festschrift in honour of Lech Longa we noted his very
significant contributions to our understanding of the
relationships between molecular shape and phase beha-
viour. Most recently, these have included probing the
role that molecular bend plays in the formation of the
twist-bend nematic, N, phase [1], and investigating
how the shape of tapered molecules stabilises the polar
ordering in the ferroelectric nematic, Ng, phase [2]. In

this paper, we combine aspects of these general design
concepts to develop highly polar liquid crystal dimers to
study their potential to exhibit ferroelectric ordering.
Liquid crystal dimers consist of molecules containing
two mesogenic units connected by a flexible spacer,
most commonly an alkyl chain, and are classed as
being symmetric if the two mesogenic moieties are
identical and nonsymmetric if they differ [3,4].
Although first reported almost a century ago by
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Vorlander [5], they failed to attract research interest for
over 50 years and until the realisation that they could
serve as model compounds for the technologically
important semi-flexible main chain liquid crystals poly-
mers [6,7]. Subsequently, it became clear that dimers
were of considerable interest in their own right and
exhibited very different behaviour to that of conven-
tional low molar mesogens consisting of molecules con-
taining a single mesogenic unit attached to which are
one or two terminal alkyl chains [8,9]. Dimers have
since remained at the forefront of liquid crystal research
and their study has resulted in, for example, the discov-
ery of the intercalated smectic phases [10-14], and the
twist-bend nematic [15-23] and smectic phases [24-30].
In turn, this research on dimers subsequently triggered
considerable interest in higher oligomers including tri-
mers and tetramers [31-36].

It has been reported recently that liquid crystal
dimers may also exhibit the ferroelectric nematic
phase, Ng [37]. In the conventional uniaxial nematic
phase, N, the rod-like molecules lie more or less along
a common direction referred to as the director repre-
sented by the unit vector n. The director has inversion
symmetry such that n = —n, and hence the phase is
non-polar. In the N phase n # —n and the phase
becomes polar. Around six years ago, a new polar
nematic phase was reported [38,39] and later assigned
as the Ny phase [40]. There are now a range of struc-
tures known to exhibit the N phase (see, for example
[41-52]). It appears that the essential molecular
requirements for the formation of the Nr phase include
a large longitudinal dipole moment, some degree of
lateral steric bulk and regions of alternating polarity.
Rigid and side-chain polymers have also been shown to
exhibit the Ny phase [53,54]. The symmetric dimer
reported to exhibit the N phase consists of benzylide-
neaniline benzoate moieties, containing fluoro substi-
tuents and terminal butyloxy chains, connected by an
odd-membered spacer [37]. Although the two meso-
genic fragments appear to possess the structural ele-
ments required to exhibit the Ny phase, connecting

them through a flexible spacer greatly reduces the
overall molecular dipole moment. The surprising
observation that this dimer exhibited the Ny phase
was attributed to a preference for it to adopt
U-shaped conformations in which the strong dipole
moments associated with the mesogenic units, calcu-
lated to be 11.2 D, lie parallel to each other. It is not
immediately apparent, however, why such a strong
preference for U-shaped conformations should exist
for this particular dimer, although the authors suggest
that it may arise from the interactions of their strong
dipole moments. This report prompted us to consider
the design of highly polar liquid crystal dimers. The
molecular architecture of a liquid crystal dimer nor-
mally ensures that the dipole moments associated with
the mesogenic units are orientated in opposing direc-
tions. To overcome this, we prepared nonsymmetric
dimers, the [4[(E)-[4-[4-[w-(4-cyanophenyl)phenoxy]
alkyloxy]-3-nitrophenyl]methylideneamino]phenyl]
2,4-dimethoxybenzoates, in which the dipole moments
of the two mesogenic units are, at least for even-
membered homologues, more or less parallel, see
Figure 1. We refer to this series using the code 1-#n in
which n refers to the number of methylene units in the
spacer, and these dimers are based on a cyanobiphenyl
unit and a benzylideneaniline benzoate moiety. In the
latter unit, a nitro group is used to give rise to
a significant dipole moment, and the 1,3-dimethoxy
substitution on the terminal phenyl ring provides the
lateral steric bulk thought to be important in the pro-
motion of the N phase [55]. By varying the length and
parity of the spacer we control the overall molecular
shape. In the 1-n series, the two mesogenic units are
linked in the para position. We have also prepared two
examples of the corresponding dimers in which the
nitro group on the benzylideneaniline benzoate frag-
ment is in the para position and the spacer is con-
nected at the meta position, the [4[(E)-[4-[3-[w-
(4-cyanophenyl)phenoxy]Jalkyloxy]-4-nitrophenyl]
methylidene-amino]phenyl] 2,4-dimethoxybenzoates,
Figure 2, and these are referred to as 2-n.
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Figure 1. The molecular structure of series 1-n with n = 3-12; n represents the number of methylene units in the spacer.
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Figure 2. The molecular structure of the 2-n dimers: n =5, 6.
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Scheme 1. The preparation of the 1-n series.

2. Experimental
2.1. Synthesis

The synthetic route used to prepare the 1-n series is
shown in Scheme 1. The synthesis of the 2-n dimers
used essentially the identical route except that
3-hydroxy-4-nitrobenzaldehyde was used in place of
4-hydroxy-3-nitrobenzaldehyde. The preparation of
both the 1-n series and the 2-n dimers are described in
detail in the Electronic Supplementary Information, and
the structural characterisation data for all intermediates
and final products is provided.

2.2. Thermal characterisation

The phase behaviour of the new dimers was investi-
gated by differential scanning calorimetry using
a Mettler Toledo DSC1 or DSC3 differential scan-
ning calorimeter equipped with TSO 801RO sample
robots and calibrated using indium and zinc stan-
dards. Heating and cooling rates were 10 K min',
with a 3-min isotherm between either heating or
cooling, and all samples were measured under
a nitrogen atmosphere. Transition temperatures and

associated enthalpy changes were extracted from the
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heating traces unless otherwise noted. Phase charac-
terisation was performed by polarised light micro-
scopy using an Olympus BH2 polarising light
microscope equipped with a Linkam TMS 92 hot
stage.

2.3. Birefringence measurements

Birefringence was measured with a setup based on
a photoelastic modulator (PEM-90, Hinds) working at
a modulation frequency f=>50kHz; as a light source,
a halogen lamp (Hamamatsu LC8) was used equipped
with narrow bandpass filters (633 nm and 690 nm). The
signal from a photodiode (FLC Electronics PIN-20) was
deconvoluted with a lock-in amplifier (EG&G 7265)
into 1f and 2f components to yield a retardation induced
by the sample. Knowing the sample thickness, the retar-
dation was recalculated into optical birefringence.
Samples were prepared in 4.9-micron-thick cells with
planar anchoring. The alignment quality was checked
prior to measurement by inspection under the polarised
light optical microscope.

2.4. Dielectric spectroscopy

The complex dielectric permittivity, ¢ *, was studied
using a Solatron 1260 impedance analyser.
Measurements were conducted in the 1 Hz — 1 MHz
frequency (f) range, with a probe voltage of 20 mV, and
it was checked by optical observations that such a voltage
is below the Fredericks transition threshold. The material
was placed in 9.7-pum-thick glass cells with ITO electrodes
and no polymer aligning layers. The lack of a surfactant
layer resulted in the random configuration of the director
in the LC phases; microscopic observations of optical
textures suggested a dominant planar orientation without
a preferable direction of the long molecular axis. The
relaxation frequency, f,, and dielectric strength of the
mode, A €, were evaluated by fitting the complex dielec-
tric permittivity to the Cole-Cole formula:

E— Epo =

Ae +,< é )
s+ )

where &, is the high frequency dielectric constant, a is
the distribution parameter of the mode and § is the low
frequency conductivity, respectively.

2.5. Molecular modelling

The geometric parameters of the 1-# series and 2-n dimers
were obtained using quantum mechanical DFT calcula-
tions with Gaussian09 software [56]. Optimisation of the
molecular structures was carried out at the B3LYP/6-31
G(d) level of theory. Visualisations of electronic surfaces
and ball-and-stick models were generated from the opti-
mised geometries using the GaussView 5 software [57],
and visualisations of the space-filling were produced post-
optimisation using the QuteMol package [58].

3. Results and discussion

The transitional properties of the 1-n series are listed in
Table 1. All the members of the series exhibit an enan-
tiotropic nematic phase except for 1-3 which is
a monotropic nematogen. The nematic phases were
identified by the observation of a characteristic schlieren
texture containing both two- and four-brush point sin-
gularities, see Figure 3, and which flashed when sub-
jected to mechanical stress when viewed under the
polarised light microscope. It is interesting to note that
the nematic phases shown by these dimers exhibit
extensive supercooling, and in some cases nematic
behaviour at room temperature is observed prior to
crystallisation.

The dependence of the transition temperatures on
the number of methylene groups in the flexible spacer is
shown for the 1-n series in Figure 4. A distinct alterna-
tion is seen for both the melting points and the nematic-
isotropic transition temperatures, Ty, on increasing the
length of the spacer in which the even-membered
dimers exhibit the higher values. This alternation is

Table 1. The transitional properties of the 1-n series.

n Ter/°C AS¢./R Ta/°C ASyi/R
3t 178.6 14.3 120.1 0.04
4 180.0 127 230.9 0.93
5 140.2 15.1 156.7 0.13
6 166.7 16.9 206.9 0.88
7 139.2 13.3 159.7 0.27
8 153.2 19.1 186.8 0.94
9 136.5 13.9 155.7 0.32
10 164.4 20.5 168.7 0.85
1 128.2 17.7 150.1 0.38
12 134.8 18.1 160.4 0.86

"Data extracted on a cooling DSC cycle.



Figure 3. (Colour online) The nematic schlieren texture observed
for 1-6 (T=114°C).
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Figure 4. The dependence of the transition temperatures on the
number of carbon atoms, n, in the spacer for the 1-n series: open
circles represent melting points and filled circles nematic-
isotropic transitions.
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more regular in the case of the dependence of Ty and is
most often attributed to the change in the average
molecular shape on varying the parity of the spacer.
Thus, for an even-membered spacer the mesogenic
units are more or less parallel and the molecule is linear,
see Figure 5, whereas for an odd-membered spacer the
mesogenic groups are inclined at some angle with
respect to each other and the molecule is bent, see
Figure 6. The linear structure of an even membered
dimer is then considered to be more compatible with
the nematic environment than the bent shape of an odd-
membered dimer, and this enhanced compatibility gives
rise to the higher values of Ty;. Although intuitively
pleasing, this explanation would predict that the
entropy change associated with the nematic-isotropic
transition, ASni/R, shown by an even-membered
dimer should be comparable with that of
a conventional low molar mass mesogen based on
a single mesogenic unit whereas that exhibited by
a bent odd-membered dimer should be considerably
smaller. Figure 7 shows the dependence of ASyi/R on
increasing the spacer length for the 1-n series and
a pronounced alternation is observed in which the
even members show the higher values. Indeed, the
values shown by the even members are several times
larger than those seen for the adjacent odd members. It
must be stressed that values of ASy;/R shown by the odd
members are more similar to those typically seen for
conventional low molar mass mesogens [59] whereas
those for the even members are much larger. To account
for the dramatic alternation seen in the transitional
properties of dimers on varying the parity of the spacer
we must explicitly consider the flexibility of the spacer
[49]. In the isotropic phase, approximately half the

Figure 5. (Colour online) (a) The electrostatic potential surface in which red indicates electron rich and blue electron poor regions of
the molecule, (b) space filling model and (c) ball and stick model indicating the dipole moment of 1-4.
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Figure 6. (Colour online) (a) The electrostatic potential surface in which red indicates electron rich and blue electron poor regions of
the molecule, (b) space filling model and (c) ball and stick model showing the dipole moment of 1-5.
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Figure 7. The dependence of the nematic-isotropic entropy
change scaled by the gas constant, ASy/R, on the number of
carbon atoms, n, in the spacer for the 1-n series.

conformations of an even-membered dimer are more or
less linear whereas this falls to just 10% for an odd-
membered dimer. At the transition to the nematic
phase, the more elongated conformers are favoured
and the extent to which the conformational distribution
of the molecules can be changed depends on the con-
formational energy of the more anisotropic conformers
which is higher for odd- than even-membered dimers.
Thus, at the transition to the nematic phase many of
the bent conformers are converted to linear confor-
mers for an even-membered dimer and this enhances
the orientational order of the N phase giving larger
values of ASyi/R than would be expected for
a conventional low molar mass mesogen. By compar-
ison for an odd-membered dimer the difference in
energy between the bent and linear conformers is too

large for the orientational order of the nematic phase to
drive their interconversion. In consequence, the orien-
tational order of the nematic phase is not increased in
the same manner as for an even-membered dimer, and
the values of ASy/R observed for an odd-membered
dimer are smaller. This synergy between conforma-
tional and orientational order has been captured in
molecular field theories that reveal the attenuation
seen in the alternation of Tyy, see Figure 4, may be
accounted for in terms of torsional fluctuations about
the energy minima of conformations that result in
reduced orientational correlations [60]. We note that
the values of ASy;/R listed in Table 1 for both odd and
even members of the 1-n series are lower than often
observed for both symmetric [9,60,61] and non-
symmetric liquid crystal dimers [10]. This may be
attributed to the increase in molecular biaxiality asso-
ciated with the methoxy and nitro lateral substituents
attached to the benzylideneaniline benzoate moiety
that reduces the orientational order of the nematic
phase and hence, a smaller value of ASy/R is observed.
Similarly, low values of ASyi/R have been observed for
dimers containing bulky pyrene- or cholesteryl-based
mesogenic units [62,63].

The alternation seen in the melting points of the
1-n series although less regular than that seen for Ty,
Figure 4, has been interpreted for other nematogenic
dimer series as indicating that the change in the conforma-
tional statistical weights of the spacer on melting is small
for even-membered spacers but large for odd-members. It
may also reflect, however, the ease of packing of even-
membered dimers into a crystal lattice given their more
linear shapes compared to that of bent odd members.
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Figure 8. (Colour online) Temperature dependence of optical
birefringence for compounds 1-8 (green line) and 1-7 (blue line).

The temperature dependence of the optical birefrin-
gence of an even-membered (1-8) and odd-membered
(1-7) dimer is compared in Figure 8. It is clear that the
bent shape of 1-7 results in a reduction in molecular
anisotropy and leads to a strong reduction in optical bire-
fringence compared to that shown by the linear 1-8; An,,,4y,
which represents the birefringence value extrapolated to
the ideally ordered state (S=1), is 0.40 and 0.32, for 1-8
and 1-7, respectively. The values were obtained from the
fitting of the measured birefringence to a critical tempera-

ture dependence: An = Anmax(TfT_c T)? This behaviour is in
accord with that found for other liquid crystal dimers [64].

The dielectric spectroscopy studies performed for
compound 1-7 revealed a relatively high permittivity
value, of the order of 200. A relaxation mode evolves

smoothly through the transition from the isotropic to
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the nematic phase, see Figure 9, and thus it should be
attributed to non-collective molecular fluctuations. The
low relaxation frequency (below 100 Hz), and its
decrease seen in the nematic phase on cooling, results
from the increasing viscosity of the material composed
of non-linear dimeric molecules. The high value of ¢
evidences the strong dipole moment of the molecules in
accord with Meier-Maier theory [65,66] that predicts
that the dielectric permittivity in the isotropic and
nematic phases is proportional to the square of the
molecular dipole moment. It should be noted that
a permittivity of the same order of magnitude has been
reported for other strongly polar nematogens [67]. The
values measured here, however, are higher suggesting
that local short-range ferroelectric order contributes to
an increase of the dielectric mode strength. We note that
normally in the nematic phase a local antiferroelectric
arrangement of the dipoles is found (that may lead to
a reversal in the sign of the dielectric anisotropy). In
comparison, for the compounds studied here it would
appear reasonable to expect ferroelectric correlations
given that these molecules contain structural fragments
similar to those known to promote the formation of the
ferroelectric nematic phase.

The rationale underpinning the molecular design of
the 1-n series was to prepare dimers in which the dipole
moments associated with the two mesogenic units lie
more or less parallel to each other. The calculated dipole
moment of benzylideneaniline benzoate fragment,
described as [4-[(E)-(4-methoxy-3-nitrophenyl)methy-
lideneamino]phenyl] 2,4-dimethoxybenzoate is 6.20
D and for 4-methoxycyanobiphenyl, representing the
cyanobiphenyl moiety, is 6.49 D; these are shown in
Figure ES1. The calculated dipole moment for 1-4 is
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Figure 9. Real ( € ') and imaginary ( € ”) parts of permittivity, measured as a function of temperature and frequency for compound 1-7.
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Table 2. The transitional properties of the 2-n dimers.

n TC,J°C ASc,_/R TN|/°C ASN|/R
5 180.6 147 69.0 -t
6 158.1 14.5 95.4 0.24

"Measured using POM.

12.75 D, and lies approximately along the molecular
long axis, Figure 5. The dipole moment of 1-4 is essen-
tially the sum of those of the two mesogenic moieties as
expected. The calculated molecular dipole moment of
1-5 is 11.09 D and lower than that calculated for 1-4.
This reflects the bent shape of 1-5 (Figure 6) such that
the dipole moments of the two mesogenic units are now
inclined with respect to each other.

The transitional properties of the 2-n dimers are
listed in Table 2, and both dimers show a monotropic
nematic phase assigned on the basis of the observation
of a characteristic schlieren texture as described earlier,
Figure 10. The value of Ty shown by 2-6 is around 26 K
higher than that shown by 2-5, a much smaller differ-
ence than seen between 1-6 and 1-5 of 50 K. This may be
accounted for in terms of the change in molecular shape
arising from moving the spacer link from the para to the
meta position, see Figures 11 and Figure 12. The

Figure 10. (Colour online) The nematic schlieren texture shown
by 2-6 (T = 90°C).

reduction in the value of Ty; on moving from 1-6 to
2-6 is 111.5 K and between 1-5 and 2-5 is 87.7 K. These
changes reflect that the change in the linking position of
the spacer to the benzylideneaniline benzoate moiety
reduces the structural anisotropy of both the odd and
even members but that this is greater in the case of an

Figure 11. (Colour online) (a) The electrostatic potential surface in which red indicates electron rich and blue electron poor regions of
the molecule, (b) space filling model, and (c) ball and stick model showing the dipole moment of 2-6.
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Figure 12. (Colour online) (a) The electrostatic potential surface in which red indicates electron rich and blue electron poor regions of
the molecule, (b) space filling model and (c) ball and stick model showing the dipole moment of 2-5.

even-membered spacer. Indeed, for a series of non-
symmetric dimers containing terphenyl- and choles-
teryl-based mesogenic units, this structural change
inverted the sense of the alternation seen for the values
of the clearing temperature and associated entropy
changes [68]. This was attributed to the change in mole-
cular shape such that there are more conformations that
hold the mesogenic units more or less parallel for the
odd-membered dimers than there are for the even-
membered spacer. This inversion has not been observed
here, but it is interesting to note that the melting point
of 2-5 is higher than that of 2-6. This interpretation is
also supported by the smaller value of ASy;/R shown by
2-6 of 0.24 compared to 0.88 for 1-6. This reduction
reflects the increased molecular biaxiality of the bent 2-6
compared to that of the essentially linear 1-6 that
reduces the orientational order of the nematic phase
and hence, a smaller value of ASy;/R is observed [62].
The calculated molecular dipole moment for 2-5,
12.60 D, is higher than that seen for 2-6, 12.01
D. This again reflects the change in molecular shape
arising from linking the spacer to the meta position on
the benzylideneaniline benzoate moiety. The strongly
monotropic nature of the materials precluded their

characterisation using dielectric spectroscopy,
although the schlieren texture observed (Figure 10)
indicates the formation of a conventional nematic
phase.

The dimers reported here have molecular dipole
moments similar in magnitude to those commonly
reported for conventional low molar mass ferroelectric
nematogens [69]. Although dielectric studies possibly
indicate local short-range ferroelectric order in the
nematic phase (Figure 9), we find no evidence that
these dimers exhibit the Ny phase. It has emerged
that a key structural feature promoting the formation
of the N phase in conventional mesogens is regions of
alternating electron density [69]. This is consistent
with a molecular model developed by Madhusudana
in which the molecules are considered to possess long-
itudinal surface charge density waves and these inter-
act inhibiting the formation of antiparallel structures
[70]. In practice, this type of structure is most com-
monly achieved by using ester links within the meso-
genic unit to inhibit electron delocalisation creating
regions of alternating electron density. The design of
our first-generation materials reported here focussed
on the principle of parallel dipole moments and the
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structures of the mesogenic units were not optimised
in terms of achieving a given electron density profile.
This is apparent in the electrostatic potential surfaces
shown in Figures 5, 6, 11 and Figure 12. Furthermore,
it is well known that the cyanobiphenyl fragment has
a strong tendency to form antiparallel associations
[71]. Our next focus now is to modify the structures
of the mesogenic units in an attempt to promote the
formation of the Nr phase.

4. Conclusions

We have reported the liquid crystal behaviour of a series of
dimers, 1-n, in which the dipole moments of the meso-
genic units are parallel giving rise to a large molecular
longitudinal dipole moment. The dimers are exclusively
nematogenic and their transitional properties, Ty; and
ASni/R, alternate on varying the length and parity of the
flexible spacer. This archetypal behaviour is attributed to
changes in average molecular shape and molecular flex-
ibility. The high value of the dielectric permittivity mea-
sured for 1-7 reflects the strong dipole moment of the
molecule and possibly indicates local short-range ferro-
electric order. Changing the linking position of the spacer
to the benzylideneaniline benzoate fragment from para to
meta reduces the difference in shape between odd and
even-membered dimers and this is reflected in the transi-
tion temperatures. Again, these dimers are exclusively
nematogenic. In the dimer reported to exhibit
a ferroelectric nematic phase, the mesogenic unit dipoles
are antiparallel, and it was suggested that there was
a strong tendency for these to adopt U-shaped conforma-
tions, stabilised by dipolar interactions, that drive the for-
mation of the Ng phase [37]. By comparison, the
properties of the dimers reported here are wholly consis-
tent with the molecules adopting extended conformations
rather than being dominated by U-shaped conformations
that would presumably minimise dipolar energy. The phy-
sical significance of this differing behaviour is unclear, and
we intend to study the effects of varying the structures of
the mesogenic units in an attempt to promote ferroelectric
ordering.
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1. General Information
1.1  Reagents

All reagents and solvents available commercially were purchased from Sigma Aldrich, Alfa Aesar,
ACROS Organics, TCI Chemicals or Fluorochem and were used as received without further
purification unless otherwise stated. If required, solvents were dried over molecular sieves for a

minimum of 24 hours prior to use.

1.2 Thin Layer Chromatography

Reactions were monitored using thin layer chromatography, and the appropriate solvent system, using
aluminium-backed plates with a coating of Merck Kieselgel 60 F254 silica purchased from Merck
KGaA. The spots on the plates were visualised by UV light (254 nm) or by oxidation using an iodine
dip.

1.3 Column Chromatography

For normal phase column chromatography, the separations were carried out using silica gel grade 60

A, 40-63 um particle size, purchased from Fluorochem and using an appropriate solvent system.

1.4 Structure Characterisation

All final products and intermediates that were synthesised were characterised using 'H NMR, 3C
NMR and infrared spectroscopies. The 'H and '*C NMR spectra were recorded on either a 400 MHz
Bruker Avance III HD NMR spectrometer, or a 300 MHz Bruker Ultrashield NMR spectrometer. The
infrared spectra were recorded on a Thermal Scientific Nicolet IR100 FTIR spectrometer with an

ATR diamond cell or a Perkin Elmer Spectrum 2 FTIR with an ATR diamond cell.

1.5  Purity Analysis

In order to determine the purity of the final products, elemental analysis was used. C, H, N
microanalysis were carried out by the Sheffield Analytical and Scientific Services Elemental
Microanalysis Service at the University of Sheffield using an Elementar Vario MICRO Cube. The

instrument was calibrated using series of different masses of sulphanilamide and acetanilide. High-



resolution mass spectrometry was carried out at the University of Aberdeen by Dr Morag Douglas
using a Waters XEVO G2 Q-Tof mass spectrometer. The instrument was calibrated with sodium

formate, and the lock mass was leucine enkephalin, Formula: C2sH37Ns507, [M+H]": 556.2771.

2. Synthesis and Analytical Data

2.1 [4[(E)-[4-[4-[w-(4-cyanophenyl)phenoxy]alkyloxy]-3-nitrophenyl]methylideneamino]phenyl]  2,4-

dimethoxybenzoates, 1-n series

The synthetic route used to obtain the 1-n series is shown in Scheme ESI1.
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Scheme 1 The preparation of the 1-n series.



2.1.1 4-{4-[(w-Bromoalkyl)oxy[phenyl}benzonitriles

The 4-{4-[(w-bromoalkyl)oxy]phenyl}benzonitriles were prepared as decribed in detail elsewhere
[1]. 4-Cyano-4’-hydroxybiphenyl (6.6 mmol), the appropriate 1,m-dibromoalkane (33 mmol eq.) and
anhydrous potassium carbonate (26.4 mmol) were added to acetone (40 mL), and the reaction mixture
refluxed with stirring for 24 h. The mixture was filtered, and the inorganic residue washed with
copious amounts of acetone. The filtrate was concentrated in vacuo and allowed to stand for 3h at -
20 °C. The resulting precipitate was collected and washed with hexane. The crude product was
recrystallised from ethanol to give the title compound as a white solid. Yields in the range of 80-85

% were obtained.

4-{4-[(3-Bromopropyl)oxy]phenyl}benzonitrile

MP =105 °C

'H NMR (400 MHz, CDCl3) § 7.66 (q, J = 8.6 Hz, 4H), 7.54 (d, ] = 8.7 Hz, 2H), 7.01 (d, ] = 8.8 Hz,
2H), 4.17 (t, ] = 5.8 Hz, 2H), 3.63 (t, ] = 6.4 Hz, 2H), 2.35 (p, ] = 6.1 Hz, 2H).

3C NMR (101 MHz, CDCls) § 159.34, 145.17, 132.61, 131.78, 128.43, 127.15, 119.10, 115.14,
110.19, 65.46, 32.28, 29.93.

IR v.em!: 2935,2869(aromatic CH), 2222(C=N), 1602 (para di-substituted benzene).

4-{4-[(4-Bromobutyl)oxy]phenyl}benzonitrile

MP =67 °C Tni1 =61 °C

"H NMR (400 MHz, CDCls) 6 7.66 (d, J = 8.2 Hz, 4H), 7.53 (d, J = 8.9 Hz, 2H), 7.00 (d, J= 8.7 Hz,
2H), 4.06 (t, /= 6.0 Hz, 2H), 3.51 (t, J= 6.5 Hz, 2H), 2.19 — 1.93 (m, 4H).

3C NMR (101 MHz, CDCl3) § 159.52, 145.21, 132.60, 131.58, 128.40, 127.12, 119.11, 115.07,
110.15, 67.03, 33.40, 29.45, 27.87.

IR v em™': 293547,2871(aromatic CH), 2222(C=N), 1601 (para di-substituted benzene).

4-{4-[(5-Bromopentyl)oxy]phenyl}benzonitrile

MP =82 °C Tni = 66 °C

"H NMR (400 MHz, CDCls) § 7.66 (q, J = 8.6 Hz, 4H, Ar), 7.53 (d, J= 8.7 Hz, 2H, Ar), 7.00 (d, J =
8.6 Hz, 2H, Ar), 4.02 (t, J = 6.3 Hz, 2H, ArOCH,CH>CH,CH>CH:Br) ), 3.45 (t, J = 6.7 Hz, 2H,
ArOCH2CH>CH2>CH2CH;Br), 2.01 — 1.91 (m, 2H, ArOCH2CH>CH>CH>CH>Br), 1.91 — 1.80 (m, 2H,
ArOCH2CH>CH>CH,CHBr), 1.77 — 1.58 (m, 2H, ArOCH>CH2CH>CH>CH>Br).

3C NMR (101 MHz, CDCl3) § 159.65, 145.24, 132.59, 131.44, 128.38, 127.11, 119.13, 115.10,
110.10, 67.76, 33.61, 32.47, 28.42, 24.85.

IR v.em!: 2945,2869(aromatic CH), 2224(C=N), 1603 (para di-substituted benzene).



4-{4-[(6-Bromohexyl)oxy]phenyl}benzonitrile

MP =60 °C Tn1 = 69 °C

"H NMR (400 MHz, CDCl3) § 7.66 (q, J = 8.2 Hz, 4H, Ar), 7.53 (d, J= 8.7 Hz, 2H, Ar), 6.99 (d, J =
86 Hz, 2H, Arn402 ( J = 64 Hz, 2H, ArOCHy(CH: )sBr),
3.43 (t, J = 6.7 Hz, 2H, ArO(CH)sBr), 1.97 — 1.78 (m, 4H, ArOCH2CH>CH>),CH>CH>Br), 1.62 —
1.44 (m, 4H, ArO(CH2).CH>CH>(CH>),Br).

3C NMR (101 MHz, CDCl3) § 159.73, 145.26, 132.59, 131.36, 128.36, 127.09, 119.14, 115.10,
110.08, 67.91, 33.83, 32.68, 29.07, 27.93, 25.31.

IR viem!: 2921,2854(aromatic CH), 2225 (C=N), 1600 (para di-substituted benzene).

4-{4-[(7-Bromoheptyl)oxy]phenyl}benzonitrile

MP =66.3 °C Tni =68 °C

"H NMR (400 MHz, CDCl3) § 7.66 (q, J = 8.5 Hz, 4H, Ar), 7.52 (d, J= 8.7 Hz, 2H, Ar), 6.99 (d, J =
8.9 Hz, 2H, Ar), 4.01 (t, J = 6.5 Hz, 2H, ArOCH2(CHz)sCH2Br), 3.42 (t, J = 6.8 Hz, 2H,
ArOCH2(CHz)sCH2Br), 1.94 — 1.76 (m, 4H, ArOCH2CH>(CH2);CH>CH?Br), 1.58 — 1.34 (m, 6H,
ArOCH>CH2(CH2);CH>CH2Br).

3C NMR (101 MHz, CDCl3) § 159.77, 145.28, 132.58, 131.32, 128.35, 127.09, 119.14, 115.10,
110.07, 68.03, 33.95, 32.72, 29.13, 28.53, 28.09, 25.91.

IR v.em!: 2937,2854(aromatic CH), 2222 (C=N), 1602 (para di-substituted benzene).

4-{4-[(8-Bromooctyl)oxy]phenyl}benzonitrile

MP =80 °C Tni1 =69 °C

"H NMR (400 MHz, CDCl3) § 7.68 (q, J = 8.6 Hz, 4H), 7.55 (d, J= 8.8 Hz, 2H), 7.02 (d, J= 8.6 Hz,
2H), 4.03 (t, J = 6.5 Hz, 2H, ArOCH,CH>CH,CH>_CH,CH>CH,CH>Br), 3.44 (t, J = 6.8 Hz, 2H
ArOCH2CH2CH2CH2__ CH2CH2CH2CHBr), 195 - 1.78 (m, 6H, ArOCH>CH,CH,CH>
CH>CH2CH2CH>Br), 1.57 — 1.33 (m, 6H, ArOCH>CH>CH>CH> CH,CH,CH,CH>Br).

3C NMR (101 MHz, CDCl3) § 159.79, 145.28, 132.58, 131.29, 128.35, 127.09, 119.14, 115.10,
110.06, 68.10, 34.02, 32.79, 29.19, 28.70, 28.10, 25.96.

IR v.em!: 2920,2852(aromatic CH), 2235 (C=N), 1604 (para di-substituted benzene).



4-{4-[(9-Bromononyl)oxy|phenyl}benzonitrile

MP =71 °C Tni =70 °C

'H NMR (400 MHz, CDCl3) § 7.68 (q, J = 8.7 Hz, 4H, Ar), 7.55 (d, J = 8.8 Hz, 2H, Ar), 7.01 (d, J =
9.0 Hz, 2H, Ar), 4.03 (t, J = 6.5 Hz, 2H, ArOCH>(CH2);CH2Br), 3.43 (t, J = 6.9 Hz, 2H,
ArOCH>(CH2)7CH,Br), 1.94 — 1.78 (m, 4H ArOCH>CH,CH>,CH>CH>CH>CH>CH>CH>Br), 1.56 —
1.31 (m, 10H ArOCH>,CH>CH>CH>CH>CH>CH>CH>CH>Br).

3C NMR (101 MHz, CDCl3) § 159.82, 145.28, 132.58, 131.26, 128.34, 127.08, 119.14, 115.11,
110.05, 68.15 34.06, 32.82, 29.36, 29.27, 29.22, 28.71, 28.16, 26.02.

IR v em™: 2920,2852(aromatic CH), 2223 (C=N), 1602 (para di-substituted benzene).

4-{4-[(10-Bromodecyl)oxy]phenyl} benzonitrile

MP =72 °C Tny = 68°C

"H NMR (400 MHz, CDCl3) § 7.66 (q, J = 8.6 Hz, 4H, Ar), 7.53 (d, J = 8.8 Hz, 2H, Ar), 6.99 (d, J =
8.6 Hz, 2H, Ar), 4.01 (t, J = 6.5 Hz, 2H, ArOCHy(CH2)sCH2Br), 3.41 (t, J = 6.9 Hz, 2H,
ArOCH2(CH2)sCH2Br), 1.91 — 1.75 (m, 4H, ArOCH2CH»(CH2)¢CH>CH2Br), 1.53 — 1.27 (m, 12H,
ArOCH>CH2(CH2)¢CH2CH2Br).

3C NMR (101 MHz, CDCl3) § 159.82, 145.30, 132.58, 131.27, 128.34, 127.09, 119.14, 115.10,
110.06, 68.16, 34.06, 32.83, 29.45, 29.37, 29.33, 29.23, 28.75, 28.17, 26.03.

IR v.em!: 2920,2852(aromatic CH), 2235 (C=N), 1605 (para di-substituted benzene).

4-{4-[(11-Bromoundecyl)oxy]phenyl}benzonitrile

MP =67 °C Tni = 70 °C

"H NMR (400 MHz, CDCl3) § 7.68 (q, J = 8.6 Hz, 4H,Ar), 7.55 (d, J= 8.5 Hz, 2H, Ar), 7.02 (d, J =
8.7 Hz, 2H, Ar), 4.03 (t, J = 6.5 Hz, 2H, ArOCHy(CH2)oCH2Br), 3.43 (t, J = 6.9 Hz, 2H,
ArOCH2(CH2)9oCH2Br), 1.94 — 1.78 (m, 4H, ArOCH2CH»(CH2);CH>CH2Br), 1.59 — 1.15 (m, 14H,
ArOCH>CH2(CH2);CH2CH2Br).

3C NMR (101 MHz, CDCl3) § 159.83, 145.29, 132.58, 131.25, 128.33, 127.08, 119.14, 115.11,
110.05, 68.18, 34.08, 32.85, 29.53, 29.47, 29.43, 29.38, 29.24, 28.78, 28.19, 26.05.

IR v cm-1: 2923,2851(aromatic CH), 2224 (C=N), 1601 (para di-substituted benzene).

4-{4-[(12-Bromododecyl)oxy]phenyl} benzonitrile

MP =78 °C Tni=73 °C

"H NMR (400 MHz, CDCl3) § 7.69 (q, J = 8.6 Hz, 4H), 7.55 (d, J= 8.7 Hz, 2H), 7.02 (d, J= 8.7 Hz,
2H),4.03 (t,J= 6.6 Hz, 2H, ArOCH,(CH>)10CH2Br), 3.43 (t, /= 6.9 Hz, 2H, ArOCH2(CH2)10CH2Br),



194 - 178 (m, 4H, ArOCHCH,(CH2)sCH,CH:Br), 155 - 122 (m, 16H,
ArOCH>CH»(CH»)sCH>CH>Br).

3C NMR (101 MHz, CDCls) § 159.83, 145.31, 132.58, 131.27, 128.33, 127.09, 119.14, 115.10,
110.06, 68.19, 34.08, 32.85, 29.55, 29.54, 29.52, 29.44, 29.39, 29.24, 28.78, 28.19, 26.05.

IR v.em™: 2919,2851(aromatic CH), 2239 (C=N), 1605 (para di-substituted benzene).

2.1.2  4-[4-[ow-(4-Formyl-2-nitrophenoxy)alkyloxy|phenyl]benzonitriles

The 4-[4-[w-(4-formyl-2-nitrophenoxy)alkyloxy]phenyl]benzonitriles were prepared as described
elsewhere [1]. 4-{4-[(w-Bromoalkyl)oxy]phenyl}benzonitrile (1eq) was dissolved in DMF (5 mL)
and potassium carbonate (4 eq.) and 4-hydroxy-3-nitrobenzaldehyde (1.2 eq) added. The reaction
mixture was heated with stirring overnight at 110 °C. The reaction mixture was allowed to cool, water
(70 mL) added, and the precipitate collected. The precipitate was purified by column chromatography
with a mix of 3:1 petroleum ether/ethyl acetate as eluent (Rf=0.6). Yields in the range of 45-50 %

were obtained as yellow/pale yellow solids.

4-[4-[3-(4-Formyl-2-nitrophenoxy)propyloxy]phenyl]benzonitrile

MP =160 °C

"H NMR (400 MHz, CDCl3) 6 9.93 (s, 1H, ArC=0OH), 8.35 (d, J=2.1 Hz, 1H, Ar), 8.07 (dd, J= 8.7,
2.1 Hz, 1H, Ar), 7.65 (q, J = 8.0 Hz, 4H, Ar), 7.53 (d, J = 8.6 Hz, 2H, Ar), 7.26 (d, /= 8.7 Hz, 1H,
Ar), 7.01 (d, J = 8.6 Hz, 2H, Ar), 4.44 (t, ] = 5.8 Hz, 2H, ArOCH,CH>CH>,ONO»Ar), 4.27 (t,J=5.8
Hz, 2H, ArOCH>CH>CH20NO2Ar), 2.39 (p, J = 5.8 Hz, 2H, ArOCH>CH>CH20ONO2AY)).

3C NMR (101 MHz, CDCl3) § 188.77, 159.48, 156.50, 145.11, 139.86, 134.76, 132.59, 131.58,
129.06, 128.45, 127.49, 127.13, 119.12, 115.11, 114.60, 110.15, 66.56, 65.70, 28.87.

IR v ecm-1: 2920,2852(aromatic CH), 2237 (C=N), 1696(C=0).

4-[4-[4-(4-Formyl-2-nitrophenoxy)butyloxy]phenyl]benzonitrile

Ter=39°C; Tni= 66 °C

"H NMR (400 MHz, CDCl3) 6 9.93 (s, 1H, ArC=OH), 8.34 (d, J=2.1 Hz, 1H, Ar), 8.07 (dd, J= 8.7,
2.1 Hz, 1H, Ar), 7.67 (d, J = 8.3 Hz, 4H, Ar), 7.53 (d, J = 8.5 Hz, 2H, Ar), 7.23 (d, /= 8.7 Hz, 1H,
Ar), 6.99 (d, J=8.7 Hz, 2H, Ar), 4.32 (t,J= 5.7 Hz, 2H, , ArOCH2(CH2).CH>,ONO»Ar), 4.09 (t, J =
5.9 Hz, 2H, ArOCH»(CH2):CH20ONO2Ar), 2.18 — 2.01 (m, 4H, ArOCH>CH,CH>CH20ONO:Ar).

3C NMR (101 MHz, CDCl3) § 188.74, 159.46, 156.59, 145.19, 139.94, 134.63, 132.59, 131.57,
128.95, 128.40, 127.50, 127.11, 119.11, 115.05, 114.48, 110.14, 69.91, 67.38, 25.76, 25.75.

IR v em™: 2920,2852(aromatic CH), 2239 (C=N), 1694 (C=0).



4-[4-[5-(4-Formyl-2-nitrophenoxy)pentyloxy]phenyl]benzonitrile

Ter=39°C; Tnai= 65 °C

"H NMR (400 MHz, CDCls) § 9.92 (s, 1H, ArC=0H), 8.33 (d, /= 2.1 Hz, 1H, Ar), 8.06 (d, J = 8.6,
2.2 Hz, 1H, Ar), 7.67 (q, J = 8.0 Hz, 4H, Ar), 7.52 (d, J=7.7 Hz, 2H), 7.21 (d, J = 8.6 Hz, 1H,Ar),
6.99 (dd, J = 8.8, Hz, 2H, Ar), 4.23 (t,J = 6.2 Hz, 2H, ArOCH>,CH>CH>CH>CH,ONO>Ar), 4.03 (d,
J = 64 Hz, 2H ArOCHCH.CH.CH.CH,ONOAr), 198 - 181 (m, 4H,
ArOCH>CH,CH>CH,CH20ONO2Ar), 1.64 — 1.55 (m, 2H , ArOCH>CH>CH>CH>CH20ONOzAr).

3C NMR (101 MHz, CDCl3) § 188.75, 159.72, 156.71, 145.26, 140.00, 134.54, 132.59, 131.37,
128.84, 128.36, 127.46, 127.09, 119.13, 115.09, 114.46, 110.09, 70.16, 67.85, 28.70, 25.66, 25.57.
IR vem': 2936,2855 (aromatic CH), 2237 (C=N), 1698 (C=0).

4-[4-[6-(4-Formyl-2-nitrophenoxy)hexyloxy |phenyl|benzonitrile

Tcr=39° Tni= 65 C

1H NMR (400 MHz, CDCl3) 6 9.92 (s, 1H, ArC=0H), 8.33 (d, /=2.1 Hz, 1H, Ar), 8.06 (dd, J=8.7,
2.1 Hz, 1H, Ar), 7.66 (q, J = 8.3 Hz, 4H, Ar), 7.52 (d, J = 8.7 Hz, 2H, Ar), 7.21 (d, J= 8.7 Hz, 1H,
Ar), 6.99 (d, J = 8.8 Hz, 2H, Ar), 4.23 (t, J = 6.2 Hz, 2H, ArOCH2(CH2)4CH,ONO>Ar), 4.03 (t, J =
6.4 Hz, 2H, ArOCH»(CH2)4CH20ONO>Ar), 1.98 — 1.81 (m, 4H,
ArOCH>CH>CH>CH2CH,CH20ONO?Ar), 1.64 — 1.51 (m, 4H,
ArOCH>CH>CH>CH>CH>CH>ONOAr).

3C NMR (101 MHz, CDCls) § 188.79, 159.64, 156.65, 145.23, 139.98, 134.63, 132.58, 131.42,
128.87, 128.37, 127.41, 127.09, 119.14, 115.10, 114.49, 110.07, 70.10, 67.74, 28.77, 28.51, 22.55,
22.39.

IR v em™: 2936,2855 (aromatic CH), 2237 (C=N), 1698 (C=0).

4-[4-[7-(4-Formyl-2-nitrophenoxy)heptyloxy]phenyl]benzonitrile

MP =96 °C; Tni =64 °C

"H NMR (400 MHz, CDCls) & 9.93 (s, 1H), 8.33 (d, /= 2.1 Hz, 1H, Ar), 8.06 (dd, J = 8.8, 2.1 Hz,
1H, Ar), 7.66 (q, J = 8.5 Hz, 4H, Ar), 7.53 (d, J= 8.7 Hz, 2H, Ar), 7.20 (d, J= 8.7 Hz, 1H, Ar), 6.99
(d,J=8.6 Hz, 2H, Ar), 4.22 (t,J = 6.3 Hz, 2H, ArOCH»(CH2)sCH,ONO:Ar), 4.02 (t, /= 6.5 Hz, 2H,
ArOCH,(CH2)4CH20ONO>Ar), 1.94 —1.76 (m, 4H , ArOCH>CH,CH>CH>CH>CH,CH2ONO>Ar), 1.37
—1.18 (m, 6H, ArOCH>CH>CH,CH>CH,CH>CH>ONO»Ar).



13C NMR (101 MHz, CDCls) & 188.78, 159.79, 156.74, 145.28, 140.00, 134.54, 132.58, 131.32,
128.80, 128.34, 127.45, 127.09, 119.14, 115.10, 114.47, 110.06, 70.30, 68.10, 29.11, 28.93, 28.69,
25.92,25.78.

IR v em': 2936,2855 (aromatic CH), 2237 (C=N), 1698 (C=0).

4-[4-[8-(4-Formyl-2-nitrophenoxy)octyloxy]phenyl]benzonitrile

Ter=35°C; Tni= 80 °C

'"H NMR (400 MHz, CDCl3) § 9.93 (s, 1H, ArC=0OH), 8.33 (d, J=2.1 Hz, 1H, Ar), 8.06 (dd, J=8.7,
2.1 Hz, 1H, Ar), 7.66 (q, J = 8.3 Hz, 4H, Ar), 7.53 (d, J = 8.6 Hz, 2H, Ar), 7.20 (d, /= 8.7 Hz, 1H,
Ar), 6.99 (d, J = 8.7 Hz, 2H, Ar), 4.21 (t, J = 6.3 Hz, 2H, ArOCH2(CH2)sCH20ONO>Ar), 4.01 (t, J =
6.5, Hz, 2H, ArOCH,(CH2)sCH20NO2AT), 1.94 — 1.75 (m, 4H,
ArOCH>CHy(CH2)4CH>CH>0ONO»Ar), 1.46 — 1.34 (m, 8H ArOCH2CH>(CH»)4CH2CH2ONO>Ar).
3C NMR (101 MHz, CDCls) § 188.76, 159.79, 156.76, 145.29, 140.02, 134.52, 132.58, 131.30,
128.79, 128.34, 127.46, 127.09, 119.14, 115.10, 114.47, 110.07, 70.33, 68.10, 29.21,29.19, 29.11,
28.74, 25.94, 25.73.

IR v em™: 2934,2855 (aromatic CH), 2231 (C=N), 1698 (C=0).

4-[4-[9-(4-Formyl-2-nitrophenoxy)nonyloxy]phenyl|benzonitrile

Ter=38°C; Tni= 58 °C

"H NMR (400 MHz, CDCl3) 6 9.92 (s, 1H, ArC=0OH), 8.33 (d, J=2.1 Hz, 1H, Ar), 8.05 (dd, J=8.7,
2.1 Hz, 1H, Ar), 7.67 (q, J = 8.4 Hz, 4H, Ar), 7.52 (d, J = 8.7 Hz, 2H, Ar), 7.20 (d, /= 8.7 Hz, 1H,
Ar), 6.99 (d, J = 8.8 Hz, 2H, Ar), 4.20 (t, J = 6.3 Hz, 2H, ArOCH2(CH2);CH,0ONO:Ar), 4.01 (t, J =
6.6, Hz, 2H, ArOCH»(CH2);CH20NO2Ar), 1.87 - 1.70 (m, 4H,
ArOCH>CH(CH2)sCH,CH20ONOzAr), 1.43—1.34 (m, 10H, ArOCH2CH>(CH>)sCH2CH2ONO»Ar).
3C NMR (101 MHz, CDCl3) & 188.77, 159.81, 156.77, 145.30, 140.01, 134.52, 132.58, 131.28,
128.77, 128.33, 127.45, 127.09, 119.14, 115.10, 114.47, 110.05, 70.36, 68.13, 29.36, 29.23, 29.20,
29.11, 28.74, 26.00, 25.76.

IR v em™: 2922,2850 (aromatic CH), 2222 (C=N), 1692 (C=0).

4-[4-[10-(4-Formyl-2-nitrophenoxy)decyloxy|phenyl]benzonitrile

Tcr=40°C; Tani=77 °C

"H NMR (400 MHz, CDCl3) 6 9.92 (s, 1H, ArC=OH), 8.33 (d, J=2.1 Hz, 1H, Ar), 8.05 (dd, J=8.7,
2.1 Hz, 1H, Ar), 7.66 (q, J = 8.5 Hz, 4H, Ar), 7.52 (d, J = 8.6 Hz, 2H, Ar), 7.20 (d, J = 8.7 Hz, 1H,
Ar), 6.99 (d, J = 8.8 Hz, 2H, Ar), 4.20 (t, J = 6.3 Hz, 2H, ArOCH2(CH2)sCH,0ONO,Ar), 4.00 (t, J =



66, Hz, 2H,  ArOCHy(CH,)sCH,ONO,Ar), 193 - 175 (m, SH,
ArOCH,CHy(CH,)sCH,CH,ONO,Ar), 1.46-1.36 (m, 12H, ArOCH,CHa(CH2)sCH,CH,ONO,Ar).
13C NMR (101 MHz, CDCls) § 188.81, 159.83, 156.78, 145.28, 139.99, 134.58, 132.57, 131.22,
128.75, 128.33, 127.38, 127.07, 119.14, 115.11, 114.50, 110.01, 70.39, 68.17, 29.43, 29.38, 29.34,
29.22,29.18, 28.75, 26.02, 25.77.

IR v em': 2928,2855 (aromatic CH), 2233 (C=N), 1698(C=0).

4-[4-[11-(4-Formyl-2-nitrophenoxy)undecyloxy]phenyl]benzonitrile

Tcr=56°C; Tni= 63 °C

"H NMR (400 MHz, CDCl3) § 9.93 (s, 1H, ArC=0OH), 8.33 (d, J = 2.1 Hz, 1H, Ar), 8.05 (d, J= 8.9
Hz, 1H, Ar), 7.66 (q, J = 8.6 Hz, 4H, Ar), 7.53 (d, /= 8.4 Hz, 2H, Ar), 7.20 (d, J = 8.7 Hz, 1H, Ar),
6.99 (d, J = 8.6 Hz, 2H, Ar), 4.20 (t, J = 6.4 Hz, 2H, ArOCH2(CH2)oCH2ONOAr), 4.01 (t, J = 6.6
Hz, 2H, ArOCH»(CH2)9CH20ONO»Ar), 1.91 — 1.77 (m, 4H, ArOCH>CH»(CH2);CH,CH20ONO>Ar),
1.46-1.33 (s, 14H, ArOCH2CH2(CH>);CH2CH20ONO»Ar).

13C NMR (101 MHz, CDCls) 6 188.78, 159.83, 156.79, 145.30, 140.01, 134.51, 132.58, 131.27,
128.76, 128.33, 127.45, 127.08, 119.14, 115.10, 114.48, 110.05, 70.39, 68.19, 29.52, 29.44, 29.36,
29.23,29.19, 28.75, 26.04, 25.77, 25.75.

IR v em™: 2920,2852 (aromatic CH), 2235 (C=N), 1692 (C=0).

4-[4-[12-(4-Formyl-2-nitrophenoxy)dodecyloxy]phenyl]benzonitrile

Ter=75°C; Tni= 96 °C

'"H NMR (400 MHz, CDCl3) § 9.92 (s, 1H, ArC=0H), 8.32 (d, J=2.1 Hz, 1H, Ar), 8.05 (dd, J=8.7,
2.1 Hz, 1H, Ar), 7.66 (q, J = 8.3 Hz, 4H, Ar), 7.52 (d, J = 8.6 Hz, 2H, Ar), 7.20 (d, /= 8.7 Hz, 1H,
Ar), 6.98 (d, /= 8.9 Hz, 2H, Ar), 4.20 (t, J = 6.4 Hz, 2H, ArOCH2(CH2)10CH2ONO»Ar), 4.00 (t, J =
6.5 Hz, 2H, ArOCH(CH2)10CH20ONOAT), 1.92 — 1.74 (m, 4H,
ArOCH>CH,(CH»)sCH2CH20ONO»AT), 1.51-1.31 (m, 16H, ArOCH2CH>(CH2)sCH>CH2ONO>Ar).
3C NMR (101 MHz, CDCls) & 188.78, 159.82, 156.79, 145.30, 140.00, 134.51, 132.57, 131.25,
128.75, 128.32, 127.43, 127.08, 119.13, 115.10, 114.48, 110.04, 70.39, 68.19, 29.54, 29.51, 29.45,
29.38, 29.23, 29.20, 28.75, 26.03, 25.77.

IR vem™: 2917,2851 (aromatic CH), 2232 (C=N), 1685(C=0).

2.1.3. (4-Nitrophenyl) 2,4-dimethoxybenzoate
2,4-Dimethoxybenzoic acid (1.00 g, 5.48 mmol) and DCC (1.69 g, 8.23 mmol) were dissolved in
DCM (50 mL) and after 5 min, 4-nitrophenol (0.91 g, 6.58 mmol) was added. After a further 30 min,



DMAP (0.10g, 0.82 mmol) was added. The reaction was left overnight with stirring at room
temperature. The reaction solution was concentrated, and the crude product recrystalized in ethanol
(100 mL). Yield = 69.7 %.

MP =115 °C

"H NMR (400 MHz, CDCl3) § 8.29 (d, J= 9.0 Hz, 2H, Ar), 8.07 (d, J= 8.7 Hz, 1H, Ar), 7.39 (d, J =
9.2 Hz, 2H, Ar), 6.61 — 6.52 (m, 2H, Ar), 3.93 (s, 3H Ar-OCH3), 3.90 (s, 3H, Ar-OCH3).

3C NMR (101 MHz, CDCl3) § 165.58, 162.65, 162.49, 156.11, 145.11, 134.70, 125.12, 122.81,
109.99, 105.09, 99.03, 56.06, 55.67.

IR vem™: 3113, 2986 (b, aromatic CH), 1707(C=0).

2.1.4 (4-Aminophenyl) 2,4-dimethoxybenzoate

To a pre-dried flask flushed with argon, 4-nitrophenyl 2,4-dimethoxybenzoate (1.00 g, 3.29 mmol)
was dissolved in DCM (50 mL). The mixture was sparged with argon and 5% Pd/C catalyst (0.017 g,
0.165 mmol) was added. The argon atmosphere was evacuated under vacuum and replaced by
hydrogen gas. The reaction was allowed to proceed for 4 h at room temperature. The hydrogen gas
was evacuated under vacuum and the flask purged using argon. The mixture was filtered through
Celite, and the collected solvent was evaporated under vacuum to leave a brown solid which was
carried forwards without any further purification. Yield = 88.6 %.

MP =172 °C

'H NMR (400 MHz, CDCls) § 8.04 (d, J = 8.7 Hz, 1H, Ar), 6.98 (d, J = 8.6 Hz, 2H, Ar), 6.69 (d, J =
8.6 Hz, 2H, Ar), 6.58 — 6.49 (m, 2H, Ar), 3.91 (s, 3H, Ar-OCH3), 3.88 (s, 3H, Ar-OCH3), 3.62 (s, 2H
Ar-NH»).

3C NMR (101 MHz, CDCls) § 164.73, 164.34, 162.04, 143.91, 143.31, 134.37, 122.56, 115.65,
111.70, 104.71, 99.07, 56.04, 55.56.

IR viem!: 3458 (N-H, primary amine) 3016, 2918 (b, aromatic CH), 1718(C=0).

2.1.5 [4[(E)-[4-[4-[w-(4-cyanophenyl)phenoxy]alkyloxy]-3-nitrophenyl]methylideneamino]phenyl]
2,4-dimethoxybenzoates, 1-n

4-[4-[4-(4-formyl-2-nitrophenoxy)alkyloxy]phenyl]benzonitrile (1 eq.) was solubilized in ethanol,
the appropriate 4-aminophenyl 3,4-dimethoxybenzoate (1,2 eq.) was added and the reaction mixture
heated at reflux with stirring for 4 h. The mixture was cooled to room temperature and the resulting
precipitate collected by vacuum filtration. The crude product was recrystallized from ethanol to give

the title compound as a solid. The yield was between 38-40%.



1-3

'H NMR (400 MHz, CDCls) § 8.43 (s, 1H, N=CH), 8.38 (d, /= 2.0 Hz, 1H, Ar), 8.08 (d, ] = 8.7 Hz,
2H, Ar), 7.66 (q, J = 8.1 Hz, 4H, Ar), 7.53 (d, /= 8.5 Hz, 2H, Ar), 7.26 (m, 4H, Ar), 7.21 (d, J=8.9
Hz, 1H, Ar), 7.03 (d, J = 8.4 Hz, 2H, Ar), 6.60 — 6.52 (m, 2H, Ar), 4.41 (t, J = 5.8 Hz, 2H,
ArOCH>CH2CH,0ONO»Ar), 4.29 (t, J = 5.9 Hz, 2H, ArOCH,CH>CH>ONO»Ar), 3.93 (s, 3H, Ar-
OCHa), 3.90 (s, 3H, Ar-OCH3), 2.42 —2.35 (m, 2H ArOCH2CH>CH>ONOAr).

3C NMR (101 MHz, CDCl3) § 165.04, 163.70, 162.28, 159.34, 156.65, 154.15, 149.68, 148.46,
145.20, 139.96, 134.52, 133.80, 132.60, 131.77, 129.21, 128.45, 127.15, 126.06, 122.78, 121.73,
119.09, 115.14, 114.45, 111.14, 110.17, 104.84, 99.07, 66.19, 63.92, 56.06, 55.61, 29.00.

IR v em™: 2919 (b, aromatic CH), 2225 (C=N), 1793(C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C3sH31N30sNa : 680.2009 Found: 680.1985.
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"H NMR (400 MHz, CDCls) § 8.45 (s, 1H, N=CH), 8.39 (d, /= 2.1 Hz, 1H, Ar), 8.08 (d, ] = 8.7 Hz,
2H, Ar), 7.70 (q, J = 8.3 Hz, 4H, Ar), 7.56 (d, J = 8.6 Hz, 2H, Ar), 7.32 - 7.22 ( m, 4H, Ar), 7.20 (d,
J=8.8 Hz, 1H, Ar), 7.02 (d, J = 8.8 Hz, 2H, Ar), 6.63 — 6.54 (m, 2H, Ar), 4.31 (t, J = 5.5 Hz, 2H,
ArOCH2(CH2)CH,ONO>Ar), 4.15 (t, J=5.6 Hz, 2H, ArOCH»(CH2)CH20ONO>Ar), 3.96 (s, 3H, Ar-
OCH3), 3.92 (s, 3H, Ar-OCH3), 2.20 — 2.04 (m, H ArOCH2(CH»)>CH>0ONO>Ar).

3C NMR (101 MHz, CDCl3) § 165.04, 163.75, 162.28, 159.53, 156.70, 154.24, 149.67, 148.49,
145.25, 140.01, 134.52, 133.73, 132.59, 131.52, 129.05, 128.40, 127.12, 126.02, 122.78, 121.73,
119.13, 115.08, 114.37, 111.14, 110.11, 104.85, 99.07, 69.53, 67.47, 56.07, 55.61, 25.84, 25.80.

IR v em™: 2917 (b, aromatic CH), 2225 (C=N), 1735(C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C30H33N30sNa : 694.2165 Found: 694.2155.
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'H NMR (400 MHz, CDCL3) & 8.45 (s, 1H, N=CH), 8.38 (d, /= 2.1 Hz, 1H, Ar), 8.11 (d, J= 8.7 Hz,
2H, Ar), 7.69 (q, J = 8.2 Hz, 4H, Ar), 7.55 (d, J= 8.1 Hz, 2H, Ar), 7.32 — 7.23 (m, 4H, Ar), 7.03 (d,
J= 8.2 Hz, 2H, Ar), 6.63 — 6.54 (m, 2H, Ar), 4.25 (t, J = 6.0 Hz, 2H, ArOCH,(CHa);CH,ONO,Ar),
4.09 (t,J = 6.1 Hz, 2H, ArOCH2(CH,);CH,0NO2Ar), 3.96 (s, 3H, Ar-OCHs), 3.92 (s, 3H, Ar-OCHa),
2.04 — 188 (m, 4H, ArOCH.CH,CH,CH,CH,ONO»Ar), 1.81 — 172 (m, 2H,
ArOCH,CH,CH,CH,CH,0ONOLAr).

13C NMR (101 MHz, CDCls) & 165.04, 163.75, 162.28, 159.67, 156.74, 154.30, 149.65, 148.51,
145.28, 140.08, 134.52, 133.68, 132.58, 131.42, 128.97, 128.37, 127.11, 125.96, 122.77, 121.73,



119.14, 115.12, 114.39, 111.15, 110.07, 104.85, 99.07, 69.74, 67.80, 56.07, 55.61, 28.81, 28.62,
22.58.

IR viem!: 2918 (b, aromatic CH), 2225 (C=N), 1732(C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C40H3sN30sNa : 708.2322 Found: 708.2310.
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'"H NMR (400 MHz, CDCl3) & 8.42 (s, 1H, N=CH), 8.35 (d, J = 2.1 Hz, 1H, Ar), 8.08 (dd, ] = 8.8,
2.7 Hz, 2H, Ar), 7.66 (q, J = 8.4 Hz, 4H, Ar), 7.53 (d, J = 8.7 Hz, 2H), 7.27 — 7.20 (m, 4H, Ar), 7.16
(d,/=8.8 Hz, 1H, Ar), 7.00 (d, J = 8.8 Hz, 2H, Ar), 6.61 — 6.52 (m, 2H, Ar), 4.21 (t, /= 6.2 Hz, 2H,
ArOCH2(CH2)4CH,ONO>Ar), 4.04 (t, J= 6.4 Hz, 2H, ArOCH»(CH2)4CH2ONO>Ar), 3.93 (s, 3H, Ar-
OCH3), 3.90 (s, 3H, Ar-OCH3), 1.96 — 1.83 (m, 4H, ArOCH>CH>CH>CH>CH>,CH>ONOAr), 1.66 —
1.58 (m, 4H, ArOCH>CH>CH>CH>,CH>CH2ONO,Ar)

3C NMR (101 MHz, CDCI3) § 165.04, 163.76, 162.27, 159.75, 156.77, 154.37, 149.64, 148.52,
145.30, 140.06, 134.52, 133.65, 132.58, 131.34, 128.89, 128.35, 127.10, 125.98, 122.77, 121.72,
119.14, 115.11, 114.39, 111.15, 110.05, 104.85, 99.07, 69.80, 67.88, 56.06, 55.61, 29.07, 28.80,
25.66, 25.60.

IR v em™: 2938 (b, aromatic CH), 2218 (C=N), 1732(C=0).

EA for C41H37N30s Calculated: C=70.37 % H =5.33 % N = 6.01 % Found: C=70.36 % H=5.73 %
N =5.33 %.
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'"H NMR (400 MHz, CDCl;3) & 8.45 (s, 1H, N=CH), 8.38 (d, J = 2.1 Hz, 1H, Ar), 8.10 (dd, J = 8.7,
2.7 Hz, 1H), 7.69 (q, J = 8.6 Hz, 4H, Ar), 7.55 (d, J = 8.3 Hz, 2H, Ar), 7.32 —7.21 (m, 4H, Ar), 7.02
(d,J=8.7Hz, 2H, Ar), 6.63 — 6.54 (m, 2H, Ar), 4.22 (t,J= 6.3 Hz, 2H, ArOCH2(CH2)sCH20NO>Ar),
4.05 (t,J=6.4 Hz, 2H, ArOCH>(CH2)sCH20NO2Ar), 3.96 (s, 3H, Ar-OCHs), 3.92 (s, 3H, Ar-OCHs),
198 — 181 (m, 4H ArOCHCH,CH:CH>CH>CH,CH>ONO2Ar), 1.65 — 1.45 (m, 6H,
ArOCH>CH>CH>CH>CH>,CH>CH20ONO»Ar).

3C NMR (101 MHz, CDCls) § 165.04, 163.75, 162.27, 159.79, 156.78, 154.39, 149.64, 148.53,
145.30, 140.08, 134.52, 133.65, 132.58, 131.29, 128.86, 128.34, 127.09, 125.95, 122.77, 121.72,
119.15, 115.11, 114.39, 111.15, 110.04, 104.85, 99.07, 69.94, 68.05, 56.07, 55.61, 29.11, 28.96,
28.79, 25.93, 25.82.

IR v em™: 2938 (b, aromatic CH), 2222 (C=N), 1738(C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C42H39N30sNa : 736.2635 Found: 736.2613.
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'"H NMR (400 MHz, CDCl;3) & 8.42 (s, 1H, N=CH), 8.35 (d, J = 2.1 Hz, 1H, Ar), 8.08 (dd, J = 8.7,
2.8 Hz, 2H, Ar), 7.66 (q, J = 8.3 Hz, 4H, Ar), 7.53 (d, J=8.7 Hz, 2H, Ar), 7.28 — 7.23 (m, 4H, Ar),
7.16 (d, J= 8.8 Hz, 1H, Ar), 7.00 (dd, /= 8.7 Hz, 2H, ), 6.61 — 6.50 (m, 2H, Ar), 4.19 (t, /= 6.3 Hz,
2H, ArOCH2(CH2)sCH20ONO»Ar), 4.02 (t,J= 6.5 Hz, 2H, ArOCH(CH2)sCH2ONO»Ar), 3.93 (s, 3H,
Ar-OCH3), 3.90 (s, 3H, Ar-OCHs), 1.94 — 1.77 (m, 4H, ArOCH>CH»(CH2)4sCH>,CH>ONO»Ar), 1.55
—1.39 (m, 8H, ArOCH>CH2(CH>)4CH>CH2ONO>Ar)

3C NMR (101 MHz, CDCls) § 165.04, 163.76, 162.27, 159.81, 156.81, 154.42, 149.63, 148.54,
145.32, 140.07, 134.52, 133.63, 132.58, 131.28, 128.83, 128.34, 127.09, 125.97, 122.76, 121.72,
119.15, 115.12, 114.40, 111.15, 110.03, 104.85, 99.07, 69.97, 68.13, 56.06, 55.61, 29.20, 29.18,
29.14, 28.85, 25.93, 25.77.

IR v em™: 2945 (b, aromatic CH), 2225 (C=N), 1736(C=0).

EA for C43H41N20 Calculated: C=70.96 % H =5.68 % N =5.77 % Found: C=70.70 % H =5.65 %
N =5.66 %.
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"H NMR (400 MHz, CDCl3) § 8.43 (s, 1H, N=CH), 8.36 (d,/J=2.1 Hz, 1H, Ar), 8.09 (dd, ] = 8.8 2.8
Hz, 2H)7.68 (q, J = 8.7 Hz, 4H, Ar), 7.54 (d, J = 8.7 Hz, 2H, Ar), 7.30 — 7.25 (m, 4H, Ar), 7.17 (d, J
= 8.7 Hz, 1H, Ar), 7.00 (d, J = 8.6 Hz, 2H, Ar), 6.62 — 6.53 (m, 2H, Ar), 4.20 (t, J = 6.4 Hz, 2H,
ArOCH2(CH2);CH20ONO2ATr ), 4.03 (t, J = 6.5 Hz, 2H, ArOCH2(CH2);CH20ONO?Ar), 3.95 (s, 3H,
Ar-OCHa), 3.91 (s, 3H, Ar-OCHs), 1.94 — 1.78 (m, 4H, ArOCH>CH»(CH2)sCH,CH2ONO»Ar), 1.55
—1.35 (m, 10H, ArOCH>CH2(CH>)sCH>CH2ONO,Ar).

3C NMR (101 MHz, CDCls) § 165.04, 163.75, 162.27, 159.83, 156.81, 154.43, 149.63, 148.54,
145.31, 140.08, 134.52, 133.64, 132.58, 131.25, 128.82, 128.33, 127.09, 125.95, 122.76, 121.72,
119.15, 115.11, 114.40, 111.15, 110.03, 104.85, 99.07, 70.00, 68.16, 56.06, 55.61, 29.37, 29.23,
29.21, 29.13, 28.85, 26.00, 25.79.

IR v em™: 2935 (b, aromatic CH), 2218 (C=N), 1736(C=0)

MS (ESI+, m/z) = [M+Na]" : Calculated for C44H43N30sNa : 764.2948 Found: 764.2961.
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'H NMR (400 MHz, CDCls) & 8.42 (s, 1H, N=CH), 8.35 (d, J=2.1 Hz, 1H, Ar), 8.08 (dd, J=8.7 2.1
Hz, 2H), 7.66 (q, J = 8.2 Hz, 4H), 7.52 (d, J= 8.7 Hz, 2H, Ar), 7.27 — 7.19 (m, 4H, Ar), 7.15 (d, J =
8.8 Hz, 1H, Ar), 6.99 (d, J = 8.8 Hz, 2H, Ar), 6.61 — 6.50 (m, 2H, Ar), 4.18 (t, J = 6.4 Hz, 2H,
ArOCH,(CH2)sCH,ONOAT), 4.01 (t, J = 6.5 Hz, 2H, ArOCH,(CH2)sCH,0NOAT), 3.93 (s, 3H, Ar-



OCH3), 3.90 (s, 3H, Ar-OCH3), 1.93 — 1.76 (m, 4H, ArOCH2CH»(CH2)sCH2CH2ONO»Ar), 1.60 —
1.29 (m, 12H, ArOCH>CH2(CH»)6CH>CH20ONO>Ar).

3C NMR (101 MHz, CDCl3) § 165.04, 163.76, 162.27, 159.83, 156.83, 154.41, 149.62, 148.55,
145.32, 140.03, 134.52, 133.62, 132.58, 131.26, 128.80, 128.33, 127.09, 125.97, 122.76, 121.72,
119.15, 115.11, 114.41, 111.15, 110.03, 104.84, 99.07, 70.02, 68.18, 56.06, 55.61, 29.43, 29.39,
29.33,29.22,29.20 28.86, 26.01, 25.81.

IR v em™: 2921 (b, aromatic CH), 2225 (C=N), 1736(C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C4sH4sN3OsNa : 778.3104 Found: 778.3108.
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'H NMR (400 MHz, CDCls) § 8.44 (s, 1H, N=CH), 8.37 (d, J= 2.1 Hz, 1H, Ar), 8.10 (d, ] = 8.6 Hz,
2H), 7.69 (d, J = 8.0 Hz, 4H, Ar), 7.55 (d, J= 6.9 Hz, 2H, Ar), 7.31 — 7.23 (m, 4H, Ar), 7.18 (d, J =
8.8 Hz, 1H, Ar), 7.01 (d, J = 8.8 Hz, 2H, Ar), 6.63 — 6.52 (m, 2H, Ar), 4.20 (t, J = 6.4 Hz, 2H.
ArOCH2(CH2)9CH>,ONO>Ar), 4.03 (t, J= 6.6 Hz, 2H, ArOCH»(CH2)9CH2ONO>Ar), 3.96 (s, 3H, Ar-
OCH3), 3.92 (s, 3H, Ar-OCH3), 1.95 — 1.78 (m, 4H, ArOCH>CH»(CH2);CH2CH>ONO»Ar), 1.57 —
1.30 (m, 14H, ArOCH2CH2(CH>);CH2CH20ONO2Ar).

3C NMR (101 MHz, CDCls) § 165.03, 163.75, 162.27, 159.84, 156.82, 154.45, 149.62, 148.55,
145.32, 140.07, 134.52, 133.63, 132.58, 131.25, 128.80, 128.33, 127.08, 125.95, 122.76, 121.72,
119.15, 115.11, 114.41, 111.16, 110.03, 104.85, 99.07, 70.03, 68.20, 56.06, 55.61, 29.52, 29.44,
29.36, 29.28, 29.23, 29.21, 28.87, 26.03, 25.81.

IR viem!: 2918 (b, aromatic CH), 2225 (C=N), 1736(C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C46H47N30sNa : 792.3261 Found: 792.3275.
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'H NMR (400 MHz, CDCls) § 8.42 (s, 1H, N=CH), 8.35 (d, J= 2.1 Hz, 1H, Ar), 8.08 (d, J = 8.6 Hz,
2H)7.66 (q, J = 8.4 Hz, 4H, Ar), 7.52 (d, J = 8.8 Hz, 2H, Ar), 7.27 — 7.20 (m, 4H, Ar), 7.15 (d, J =
8.8 Hz, 1H, Ar), 6.99 (d, J = 8.8 Hz, 2H, Ar), 6.61 — 6.52 (m, 2H, Ar), 4.18 (t, J = 6.4 Hz, 2H), 4.01
(t, J=6.6 Hz, 2H), 3.93 (s, 3H), 3.90 (s, 3H), 1.92 — 1.75 (m, 4H), 1.59 — 1.24 (m, 16H).

3C NMR (101 MHz, CDCl3) § 165.03, 163.76, 162.27, 159.84, 156.83, 154.46, 149.62, 148.56,
145.32, 140.08, 134.52, 133.62, 132.58, 131.25, 128.79, 128.33, 127.09, 125.97, 122.76, 121.72,
119.15, 115.11, 114.41, 111.16, 110.03, 104.84, 99.07, 70.04, 68.20, 56.06, 55.61, 29.55, 29.51,
29.47,29.38, 29.24, 28.87, 26.04, 25.82.

IR v em™: 2928 (b, aromatic CH), 2225 (C=N), 1735(C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C47H49N30sNa : 806.3417 Found: 806.3430.




2.2 [4[(E)-[4-[3-[w-(4-cyanophenyl)phenoxy]alkyloxy]-4-nitrophenyl]methylideneamino[phenyl]
2,4-dimethoxybenzoates, 2-n series
The synthesis of the 2-n dimers used essentially the identical route shown in Scheme ES1 except that

3-hydroxy-4-nitrobenzaldehyde was used in place of 4-hydroxy-3-nitrobenzaldehyde.

2.2.1 4-[4-[w-(3-formyl-2-nitrophenoxy)alkyloxy]phenyl]benzonitriles
The 4-[4-[w-(3-formyl-2-nitrophenoxy)alkyloxy]phenyl]benzonitriles were prepared using the
method described in 2.1.2 except that 3-hydroxy-4-nitrobenzaldehyde was used in place 4-hydroxy-

3-nitrobenzaldehyde, acetonitrile replaced DMF as the reaction solvent.

4-[4-[5-(3-formyl-2-nitrophenoxy)pentyloxy]phenyl]benzonitrile

MP =120 °C

'"H NMR (400 MHz, CDCls) § 10.04 (s, 1H, ArC=0OH), 7.91 (d, J = 8.1 Hz, 1H, Ar), 7.66 (q, J = 8.5
Hz, 4H), 7.58 (d, J= 1.5 Hz, 1H, Ar), 7.55 — 7.49 (m, 3H, Ar), 6.99 (d, J = 8.8 Hz, 2H, Ar), 4.23 (t,
J=06.2 Hz, 2H, ArOCH2(CH2)3CH2ONO>Ar), 4.06 (t,J= 6.3 Hz, 2H, ArOCH>(CH2)3:CH20ONO>Ar),
202 - 1.85 (m, 4H, ArOCHCH,CH,CH,CH,ONO-Ar), 1.72 (m, 2H,
ArOCH>CH>CH>CH>CH>,0ONO»Ar).

3C NMR (101 MHz, CDCl3) § 190.32, 159.66, 152.44, 145.28, 143.54, 139.58, 132.58, 131.43,
128.37,127.11, 125.83, 122.55, 119.13, 115.12, 113.26, 110.09, 69.79, 67.76, 28.78, 28.54, 22.55.
IR viem': 2920, 2853 (aromatic CH), 2225 (C=N), 1697 (C=0).

4-[4-[6-(3-formyl-2-nitrophenoxy)hexyloxy]phenyl]benzonitrile

Ter =30 °C; Tni=38 °C

'H NMR (400 MHz, CDCl3) 6 10.03 (s, 1H, ArC=0OH), 7.89 (d, J= 8.1 Hz, 1H), 7.65 (q, J= 8.5 Hz,
4H), 7.57 (d, J= 1.5 Hz, 1H), 7.54 — 7.46 (m, 3H), 6.98 (d, J = 8.8 Hz, 2H), 4.20 (t, /= 6.3 Hz, 2H,
ArOCH2(CH2)4CH,ONOAr), 4.02 (t, J = 6.4 Hz, 2H, ArOCH>(CH»)sCH2ONO»Ar),), 1.95 — 1.79
(m, 4H ArOCH>CH>CH>CH>CH,CH20ONO2Ar), 1.66 — 1.51 (m, 4H,
ArOCH>CH>CH>CH>CH>CH>0ONOzAr).

3C NMR (101 MHz, CDCls) § 190.37, 159.74, 152.47, 145.27, 143.52, 139.57, 132.57, 131.31,
128.34, 127.08, 125.79, 122.44, 119.14, 115.10, 113.33, 110.04, 69.87, 67.89, 29.06, 28.71, 25.67,
25.59.

IR v em™: 2940, 2862 (aromatic CH), 2223 (C=N), 1700 (C=0).



2.2.2 [4](E)-[4-[3-[w-(4-cyanophenyl)phenoxy]alkyloxy]-4-nitrophenyl]methylideneamino[phenyl]
2,4-dimethoxybenzoates, 2-n series

The 2-n dimers were prepared using the method described in section 2.1.5.

2-5

'H NMR (400 MHz, CDCls) § 8.48 (s, 1H, N=CH), 8.09 (d, J= 8.7 Hz, 1H, Ar), 7.91 (d, J = 8.2 Hz,
1H, Ar), 7.75 (s, 1H, Ar), 7.66 (q, J = 8.5 Hz, 4H, Ar), 7.52 (d, J = 8.7 Hz, 2H, Ar), 7.46 — 7.39 (m,
1H, Ar), 7.33 — 7.22 (m, 4H, Ar), 7.00 (d, J = 8.6 Hz, 2H, Ar), 6.61 — 6.52 (m, 2H, Ar), 4.28 (t, J =
6.2 Hz, 2H, ArOCH2(CH2);CH2ONO»Ar), 4.07 (t,J= 6.3 Hz, 2H, ArOCH2(CH2)3:CH,ONO>Ar), 3.94
(s, 3H, Ar-OCH3), 3.90 (s, 3H, Ar-OCH3), 2.04 — 1.86 (m, 4H, ArOCHCH>CH>CH>,CH>ONO>Ar),
1.74 (p, J= 7.8 Hz, 2H, ArOCH2CH2CH>CH>CH2ONO>Ar).

3C NMR (101 MHz, CDCls) § 165.11, 163.67, 162.32, 159.70, 157.51, 152.64, 150.10, 148.17,
145.31, 141.32, 141.10, 134.53, 132.58, 131.38, 128.36, 127.11, 125.92, 122.87, 121.87, 121.41,
119.16, 115.13, 112.80, 111.01, 110.05, 104.88, 99.07, 69.61, 67.84, 56.07, 55.62, 28.81, 28.64,
22.59.

IR viem'': 2942, 2860 (aromatic CH), 2222 (C=N), 1738 (C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C4H3sN30sNa : 708.2322 Found: 708.2316.

2-6

'H NMR (400 MHz, CDCls) § 8.50 (s, 1H, N=CH), 8.11 (d, J= 8.7 Hz, 1H, Ar), 7.93 (d, J = 8.2 Hz,
1H, Ar), 7.77 (d, J= 1.5 Hz, 1H, Ar), 7.68 (d, J = 8.4 Hz, 4H, Ar), 7.55 (d, J= 8.7 Hz, 2H, Ar), 7.45
(dd, J=8.3, 1.5 Hz, 1H, Ar), 7.35 - 7.25 (m, 4H, Ar), 7.02 (d, J = 8.5 Hz, 2H, Ar ), 6.64 — 6.55 (m,
2H, Ar), 428 (t, J = 6.3 Hz, 2H, ArOCH2(CH2)sCH,ONO-Ar), 4.07 (t, J = 6.4 Hz, 2H,
ArOCH>(CH2)4CH20NO2Ar), 3.96 (s, 3H, Ar-OCH3), 3.93 (s, 3H, Ar-OCH3), 1.99 — 1.86 (m, 4H,
ArOCH>CH>CH>CH>CH>,CH>0ONO,Ar), 1.66 — 1.59 (m, H, ArOCH,CH,CH>CH>CH>CH>,ONO»Ar).
3C NMR (101 MHz, CDCls) § 165.12, 163.68, 162.32, 159.77, 157.57, 152.69, 150.09, 148.19,
145.32, 141.32, 141.07, 134.53, 132.57, 131.31, 128.35, 127.10, 125.89, 122.87, 121.86, 121.34,
119.16, 115.12, 112.80, 111.00, 110.02, 104.88, 99.07, 69.67, 67.94, 56.07, 55.62, 29.08, 28.81,
25.68, 25.63.

IR viem'': 2942, 2863 (aromatic CH), 2225 (C=N), 1736 (C=0).

MS (ESI+, m/z) = [M+Na]" : Calculated for C41H37N30sNa : 722.2478 Found: 722.2470.



3. Molecular models

b)

Figure ES1. Ball and stick models indicating the direction of the dipole moments of (a) [4-
[(E)-(4-methoxy-3-nitrophenyl)methylideneamino]phenyl] 2,4-dimethoxybenzoate and (b) 4-
methoxycyanobiphenyl.
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