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ABSTRACT
The synthesis and characterisation of two series of nonsymmetric dimers belonging to the family of 
compounds, the 1-(4-cyanobiphenyl-4′-yl)-ω-(4-alkylanilinebenzylidene-4′-oxy)alkanes (CBnO.m) is 
reported; in the acronym, n refers to the number of carbon atoms in the spacer, and m in the 
terminal alkyl chain. The two series reported, CB4O.m and CB8O.m, both show twist-bend nematic 
(NTB) and smectic phases (SmCTB-SH and SmCTB-DH). Their phase behaviour is compared to that of 
the CB6O.m and CB10O.m series. For each series, locally intercalated molecular packing is observed 
for short terminal chains and interdigitated packing for long terminal chains. The intercalated 
anticlinic smectic CA phase is observed for the CB8O.m and CB10O.m series. All four series exhibit 
the SmCTB-SH and SmCTB-DH phases for the longer terminal chains and all have an interdigitated 
molecular arrangement. The absence of an intercalated heliconical phase is attributed to the high 
viscosity associated with the network intercalated structure.
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Introduction

Dimeric liquid crystals consist of molecules containing 
two semi-rigid mesogenic moieties linked via a flexible 
spacer, normally an alkyl chain [1]. The parity of the 
spacer governs the average shape of the dimer such that 
if an even number of atoms connect the two mesogenic 
units the molecule is linear, whereas for an odd number 
of atoms, the molecule is bent. Bent, odd-membered 
dimers have attracted considerable research attention 
in recent years due to their ability to form a new class 
of liquid crystal phases in which the director adopts 

a heliconical distribution, the twist-bend phases [2]. 
The least ordered of these phases is the twist-bend 
nematic phase (NTB), first proposed almost 50 years 
ago by Meyer [3] and later by Dozov [4] and experi-
mentally discovered in 2011 [5]. In the NTB phase, the 
local directors form a helix and are tilted with respect to 
the helical axis, and a striking feature is that the pitch 
length of the helix is extremely short, typically just a few 
molecular lengths [6,7]. The formation of chirality by 
this system of achiral molecules is spontaneous and 
equal numbers of left- and right-handed helices are 
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obtained. This double degeneracy may be removed, 
however, either by the addition of a chiral dopant [8] 
or if the dimers themselves are chiral [9,10], and the 
chiral N*TB phase is observed. The central premise of 
Dozov’s seminal work is that bent molecules have 
a natural tendency to pack into bent structures, but 
given that pure bend cannot efficiently fill space, it 
must be accompanied by other local deformations of 
the director, namely twist or splay [4]. In the case of 
twist, the twist-bend nematic phase is formed. Thus, 
within the framework of Dozov’s model molecular 
bend is a prerequisite to the formation of the NTB 
phase, and this has been borne out experimentally 
[11,12]. We note that recently an even-membered 
dimer was reported to exhibit the NTB phase, but this 
contained a disulphide link in the spacer ensuring the 
dimer was bent, although technically even-mem-
bered [13].

Using these symmetry arguments, Dozov also pre-
dicted the formation of heliconical smectic phases 
(SmCTB) by achiral bent molecules [4], and these have 
now been found experimentally for odd-membered 
nonsymmetric dimers in which two different mesogenic 
units are linked by the spacer [14,15]. We have shown 
the existence of three different variants of the SmCTB 
phase: the SmCTB-α, SmCTB-SH and SmCTB-DH phases 
[2]. In each, the director describes a helix, and is tilted 
with respect to the smectic layer normal that lies along 
the helical axis. In the SmCTB-α phase, the pitch length is 
incommensurate with the layer spacing, whereas in the 
SmCTB-SH phase, the pitch length corresponds to four 
molecular layers. In the SmCTB-DH phase, a secondary 
longer helix is superimposed on the short, four-layer 
basic unit of the SmCTB-SH phase [2,16]. The secondary 
helix is thought to arise from competing tendencies to 
form four-layer and bilayer structures.

Our knowledge of the heliconical smectic phases 
derives almost entirely from the study of odd-mem-
bered liquid crystal dimers in which two differing meso-
genic units are connected via the flexible spacer [15–19]. 
From a molecular design viewpoint, this architecture 
was adopted because it allows for the control of struc-
ture by modifying the interaction between the two dif-
fering mesogenic units, and if one of these possesses 
a terminal chain, then varying chain length provides 
control over molecular inhomogeneity, an important 
factor driving microphase segregation known to pro-
mote smectic behaviour [20]. The general family of 
compounds, the 1-(4-cyanobiphenyl-4′-yl)-ω-(4-alkyla-
nilinebenzylidene-4′-oxy)alkanes (Figure 1), have pro-
ven to be a rich source of twist-bend liquid crystal 
phases [16,19]. The acronym used to refer to these 
compounds is CBnO.m in which CB refers to the 

cyanobiphenyl unit, the period to the benzylideneani-
line fragment, O to the ether link, and n and m indicate 
the number of carbon atoms in the spacer and terminal 
chain, respectively. We have previously reported the 
liquid crystalline properties of the CB6O.m [19] and 
CB10O.m series [16]. For the CB6O.m series, the NTB 

phase was observed for m = 1–10 and smectic behaviour 
emerged for m ≥ 10 including examples of the SmCTB-SH 

and SmCTB-DH phases [15,19]. By comparison, for the 
CB10O.m series, an intercalated smectic CA phase is 
observed if m/11 ≈ 0.5. Either side of this condition, 
the twist-bend nematic phase is observed, and for 
m > 10, the SmCTB-SH and SmCTB-DH phases are seen 
[16]. These studies focused on the dependence of phase 
behaviour on the length of the terminal chain, m, but it 
is clear that it is the ratio of terminal chain to spacer 
chain length, m/n, which plays a critical role in deter-
mining phase behaviour. Although studies have been 
undertaken probing the effects of spacer length on the 
stability of the NTB phase [21–23], we are unaware of 
any such investigation involving the twist-bend smectic 
phases. To begin to address this issue, here we directly 
ask the question, what effect does the spacer length have 
on the formation of twist-bend smectic phases? Hence, 
we report the phase behaviour of the CB4O.m and 
CB8O.m series and compare this with that of the 
CB6O.m and CB10O.m series to obtain oversight of 
the dependence of the phase behaviour on spacer length. 
We note that these series all contain an odd-membered 
spacer, a structural prerequisite for the observation of 
the twist-bend phases.

Experimental

Synthesis

The synthetic method used to obtain the CB4O.m and 
CB8O.m series is shown in Scheme 1 and involves three 
steps. First, the 4´-(ω-bromoalkyl)-[1,1’-biphenyl]- 
4-carbonitriles (1) were synthesised using a sodium- 
mediated aromatic cross-coupling reaction [24,25] and 
subsequently reacted with 4-hydroxybenzaldehyde in 
a Williamson ether reaction to give the 4´-(ω-(4-for-
mylphenoxy)alkyl)-[1,1’-biphenyl]-4-carbonitriles (2) 
[19]. A Schiff ’s base synthesis with the appropriate 
n-alkylaniline yielded the desired products (3) [19]. 

Figure 1. The molecular structure of the 1-(4-cyanobiphenyl-4′- 
yl)-ω-(4-alkylanilinebenzylidene-4′-oxy)alkanes (CBnO.m).
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Full synthetic details and analytical data for products 
and intermediates can be found in the ESI.

Materials

All reagents and solvents available commercially were 
purchased from Sigma Aldrich, Alfa Aesar, ACROS 
Organics, Fluorochem or TCI Chemicals and used as 
received.

Structure and purity analysis

The proposed structures of all the final products and 
their intermediates were characterised using 
a combination of 1H and 13C NMR, and FTIR spectro-
scopies. 1H and 13C NMR spectra were recorded on 
a 400 MHz Bruker Avance III HD NMR spectrometer. 
Infrared spectra were recorded on a Perkin Elmer 
Spectrum Two FTIR spectrometer with an ATR dia-
mond cell. The purities of the final products were ver-
ified using C, H, and N microanalysis performed by the 
Analytical Laboratory in the School of Chemistry at the 
London Metropolitan University and the University of 
Strathclyde External CHN Analysis service. High-reso-
lution mass spectrometry was carried out using 
a Waters XEVO G2 Q-Tof mass spectrometer operated 
by Dr Morag Douglas at the University of Aberdeen.

Optical studies

Phase characterisation was performed by polarised opti-
cal microscopy (POM) using a Zeiss AxioImager A2m 
microscope equipped with a Linkam T96 heating stage. 
Samples were sandwiched between glass plates, giving 
several micrometre-thick films. Selected samples were 
also prepared in commercial cells purchased from 

INSTEC with a cell thickness of 2.9–3.5 µm and treated 
for planar anchoring.

Measurements of optical birefringence were per-
formed with a set-up based on a photoelastic modulator 
(PEM-90, Hinds) working at a modulation frequency 
f = 50 kHz; a halogen lamp (Hamamatsu LC8) was used 
as a light source, equipped with a narrow bandpass filter 
(532 nm). The signal from a photodiode (FLC 
Electronics PIN-20) was de-convoluted 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 retardation was recalculated into 
optical birefringence. Samples were prepared with 
homogeneous alignment in cells of 1.5 µm thickness 
purchased from the Warsaw Military University of 
Technology (WAT).

Differential scanning calorimetry

The phase behaviour of the dimers was studied by 
differential scanning calorimetry using a Mettler- 
Toledo DSC1 or DSC3 fitted with an intracooler and 
calibrated using indium and zinc as standards. Heating 
and cooling rates were 10 K min−1, and all samples were 
measured under a nitrogen atmosphere. Transition 
temperatures and associated enthalpy changes were 
extracted from the second heating trace unless other-
wise noted. For each sample, two aliquots were mea-
sured, and the data listed are the average of the two sets 
of data.

X-ray diffraction

2D diffraction patterns were obtained with the Bruker 
D8 GADDS system (CuKα radiation, Goebel mirror 
monochromator, 0.5 mm point beam collimator, 

Scheme 1. Synthetic route to the CBnO.m dimers.
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VANTEC2000 area detector), equipped with a modified 
Linkam heating stage. Samples were prepared as dro-
plets on a heated surface. The temperature dependence 
of the smectic layer thickness was determined from the 
small-angle X-ray diffraction experiments performed 
with the Bruker D8 Discover system (CuKα line, 
Goebel mirror, Anton Paar DCS350 heating stage, scin-
tillation counter) working in the reflection mode. 
Homeotropically aligned samples were used and pre-
pared as a thin film on a silicon reflectionless wafer. The 
small-angle X-ray diffraction (SAXS) patterns for pow-
der samples were obtained with a Bruker Nanostar 
system using CuKα radiation, and patterns were col-
lected with a VANTEC2000 area detector. The tempera-
ture of the samples was controlled with a precision of 
±0.1 K.

Resonant soft X-ray diffraction

Resonant soft X-ray diffraction (RSoXS) studies were 
performed at the Advanced Light Source, Lawrence 
Berkeley National Laboratory on the soft X-ray beam 

line (11.0.1.2). The energy of the incident beam was 
tuned to the K-edge of carbon absorption (283 eV). 
Samples with a thickness lower than 1 μm were placed 
on a transmission electron microscopy grid. The scat-
tering intensity was recorded using the Princeton PI- 
MTE CCD detector.

Results and discussion

CB4O.m series

The transitional properties of the CB4O.m series are 
listed in Table 1, and the dependence of the transition 
temperatures on the length of the terminal chain, m, is 
shown in Figure 2(a). The conventional nematic phase 
(N) was identified by the POM observation of charac-
teristic schlieren (Figure 3(a)) and uniform (Figure 3(c)) 
optical textures when sandwiched between untreated 
glass slides and in cells treated for planar alignment 
and unidirectionally rubbed, respectively. The twist- 
bend nematic phase (NTB) in homologues m = 1–8 was 
assigned from the change in the schlieren texture of the 

Table 1. Phase transition temperatures (°C) and associated entropy changes (in parenthesis, scaled by R) for the CB4O.m series.
m Cr- SmX3 SmCTB-DH SmCTB-SH SmA NTB N

1 147 (8.54) 80† 113†

2 130 (9.18) 69† 103†

3 112 (9.90) 74 (0.1)* 104 (0.1)
4 108 (10.30) 61† 91 (0.1)
5 95 (8.97) 65 (≈0)* 94 (0.1)
6 91 (9.83) 56 (0.1)* 83 (0.1)*
7 85 (10.41) 61 (≈0)* 89 (0.1)
8 86 (11.09) 59 (≈0)* 83 (0.1)*
9 80 (8.21) 69 (≈0)* 74 (0.1)* 90 (0.1)
10 73 (9.55) 66† 79a 79 (0.3)a 89 (0.2)
12 85 (12.25) 57† 72 (≈0)* 90 (≈0) 93 (0.8)
14 83 (11.09) 56† 75 (≈0)* 97 (0.1) 102 (1.3)
16 91 (16.29) 64† 81 (≈0)* 97 (≈0) 104 (1.5)
18 87 (13.24) 64† 76 (≈0)* 103 (0.1) 112 (1.9)

*denotes a temperature obtained from DSC cooling trace. 
†denotes temperature obtained using POM. 
adenotes peak overlap; quoted entropy encompasses both SmA and SmCTB-SH phases.

Figure 2. The dependence of the transition temperatures on the length on the terminal chain, m, for the (a) CB4O.m and (b) CB8O.m series. 
Grey striped areas mark the range of monotropic LC phase behaviour.
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N phase to a ‘blocky’ schlieren texture (Figure 3(b)), and 
by the emergence of a striped texture (Figure 3(d)) from 
the preceding uniform texture of the N phase. In addi-
tion, the N–NTB phase transition was marked by the 
cessation of optical flickering associated with director 
fluctuations in the nematic phase.

The temperatures of the NTB-N and N-I transitions, 
TNTBN and TNI, respectively, both decrease on 
increasing m and superimposed upon this is a weak 
odd – even effect in which the odd members show the 
higher values. The underlying decreasing trend in both 
TNTBN and TNI on increasing m presumably reflects the 
dilution of the interactions between the mesogenic units 
on increasing the volume fraction of alkyl chains, and 

the odd-even effect may be attributed to the dependence 
of molecular shape on the parity of the terminal chain as 
described in detail elsewhere [19]. Rapid crystallisation 
of the NTB phase precluded further investigation of the 
shorter homologues m = 1–8.

For m = 9 and 10, the NTB phase is extinguished. On 
cooling the N phase of m = 9 two heliconical smectic 
phases, SmCTB-SH and SmCTB-DH, are observed, exhibit-
ing biaxial and uniaxial optical properties, respectively. 
In areas with homeotropic alignment, the SmCTB-SH 
phase showed a dynamic schlieren-like pattern with 
areas of distinct stripes of alternating birefringence, 
while for the SmCTB-DH phase, a uniformly black texture 
was found, see Figure 4. For m = 10, a phase sequence of 
N-SmA-SmCTB-SH-SmCTB-DH is observed. For all 

Figure 3. (Colour online) POM textures obtained for CB4O.5 in (a) (c) nematic and (b) (d) twist-bend nematic phases in untreated slides 
(a,b) and cells with planar alignment (c,d).

Figure 4. (Colour online) POM textures obtained for CB4O.14 in (a) smectic A, (b) smectic CTB-SH, (c) smectic CTB-DH and (d) smectic X3 
phases in untreated slides.
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smectic phases XRD studies revealed a lamellar struc-
ture, with layer spacing, d, being almost twice the mole-
cular length, L; d/L ~ 1.8 (Figure S3). This partially 
bilayer, interdigitated structure is obtained by antipar-
allel arrangement of cyanobiphenyl moieties of mole-
cules from neighbouring molecular layers. The nematic- 
smectic phase transition is accompanied by a slight 
increase in the birefringence arising from an increase 
in the orientational order parameter associated with 
layer formation (see Figure 5). The onset of the 
SmCTB-SH phase is accompanied by a gradual decrease 
in the birefringence due to the tilting of the molecules. 
Transition from the biaxial SmCTB-SH phase to the uni-
axial SmCTB-DH phase causes a step-like increase in the 
measured birefringence for planar cells with a book- 
shelf geometry in which the molecules in the 
SmCTB-SH phase are preferentially tilted in the sample 
plane, whereas in the SmCTB-DH phase, the additional 
helix causes the full averaging of the molecular positions 
on the tilt cone [16].

For m ≥ 11, the conventional nematic phase is extin-
guished and on cooling the isotropic phase the SmA 
phase is formed, followed by the SmCTB phases. 
Following the underlying decreasing trend in both 
TNTBN and TNI on increasing m, this is reversed at 
m = 9 and the clearing temperature subsequently 
increases with m. This change in behaviour is accom-
panied by the switch from an intercalated to an inter-
digitated packing of the molecules and subsequent 
emergence of a SmA-I transition. The formation of the 
interdigitated SmA phase is presumably driven by the 
antiparallel association of the polar and polarisable cya-
nobiphenyl units to minimise the dipolar energy and 
arises due the molecular inhomogeneity associated with 

the long terminal chain. We will return to a discussion 
of this behaviour later.

For m = 12, 14, 16 and 18 on cooling the SmCTB-DH 
phase another lamellar phase, arbitrarily denoted SmX3, 
was found, characterised by increased positional order 
of the molecules within the smectic layers. The layer 
spacing (see Figure S3) was found to monotonically 
increase on cooling through the SmA-SmCTB-SH- 
SmCTB-DH phase sequence, and sharply increase on 
moving to the SmX3 phase, consistent with an increase 
in the order parameter. It is likely this phase is the same 
as the higher-order phase found at temperatures below 
the SmCTB-DH phase for the CB10O.m series in homo-
logues with m > 12 [16].

The heliconical character of both SmCTB phases was 
confirmed by resonant X-ray scattering studies per-
formed for homologue CB4O.12 (Figure 6). In the 
SmCTB-SH phase, a single diffraction signal corre-
sponding to twice the periodicity of the smectic layers 
(four molecular lengths) was recorded, and a basic 
repeating unit is composed of four molecular layers 
in which changes of the azimuthal direction of the 
director are defined by a distorted clock model 
[15,16]. At the transition to the SmCTB-DH phase, this 
signal splits symmetrically into two branches indicat-
ing the formation of a secondary helix [15,16]. The 
splitting of the signal is discontinuous, evidencing the 
first-order character of the SmCTB-SH - SmCTB-DH 
phase transition. The non-equal intensities of the two 
branches are consistent with the distortion of the four- 
layer clock unit, over which the longer helix is super-
imposed. Moreover, an additional diffraction signal 
appears at low angles, corresponding to half the pitch 
length of the secondary helix; its temperature evolution 
shows that on cooling the pitch decreases from 70 nm 
to 35 nm.

CB8O.m series

We now turn our attention to the series with a longer 
odd-membered spacer, the CB8O.m series. Table 2 
lists the transitional properties of the series, and the 
dependence of the transition temperatures on the 
length of the terminal chain m is shown in 
Figure 2(b). All 15 homologues show an enantiotropic 
conventional nematic phase, and for m = 1–12 an NTB 
phase was also seen. These were assigned based on the 
observation of characteristic optical textures described 
earlier, and representative examples are shown in 
Figure 7. The temperature dependence of the optical 
birefringence, shown in Figure S1 for CB8O.5, reveals 
a small jump in Δn at TNTBN, which is thought to 
reflect the increase in the order parameter associated 

Figure 5. (Colour online) Optical birefringence as a function of 
temperature for CB4O.9 (black line) and CB4O.10 (red line).
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with the weakly first-order N–NTB transition [26]. On 
further cooling, the optical birefringence gradually 
decreases due to the tilting of the molecules with 
respect to the helical axis in the NTB phase. X-ray 
diffraction patterns obtained for both nematic phases 
consist of weak, broad signals indicative of a liquid- 
like arrangement of the molecules.

For m = 3–6, an anticlinic SmCA phase is observed 
at temperatures below the NTB phase. This was 
assigned based on the development of a focal conic 
fan texture, and a somewhat mobile schlieren texture 
formed on shearing the sample (Figure 7(c,d)). The 
X-ray diffraction patterns obtained for the NTB and 
SmCA phases exhibited by CB8O.3 are shown in 
Figure 8. The small-angle signal is broad in the NTB 
phase due to the liquid-like positional ordering of the 
molecules and narrows to the machine-resolution limit 
in the SmCA phase with the development of a periodic, 
lamellar structure. The broad wide-angle reflection 
confirms a liquid-like in-plane ordering of the 

molecules in the SmCA phase. The ratio of the layer 
spacing to molecular length in the SmCA phase is 
approximately 0.5 indicating an intercalated arrange-
ment of the molecules. The formation of the SmCA 
phase is driven by the favourable specific interaction 
between the unlike mesogenic groups and this is 
described in detail elsewhere [2]. The NTB-SmCA 
phase transition is again accompanied by a sharp 
increase in the birefringence arising from an increase 
in the orientational order parameter associated with 
layer formation (Figure S1). On cooling the SmCA 
phase of CB8O.3, CB8O.4 and CB8O.6, the schlieren 
texture becomes smoother and the defect lines become 
more diffuse (Figure 7(e)), and a scratched line pattern 
develops across this texture on further cooling the 
former two homologues (Figure 7(f)). X-ray diffraction 
patterns of these two low-temperature phases show 
a narrowing, and subsequently a splitting of the high 
angle signal, suggesting an increase in order within the 
smectic layers (Figure S4). This behaviour is in line 
with that observed previously for CB8O.4 [27]: the 
higher temperature phase has therefore been assigned 
as a higher-order hexatic-type phase and the lower 
temperature phase as a soft-crystal-type phase, arbitra-
rily designated as SmX1 and SmX2, respectively.

Smectic behaviour is absent for homologues 
m = 7–10, but re-emerges at m = 11. This trend was 
reported also for the CB10O.m series [16], and attrib-
uted to the destabilisation of intercalated lamellar pack-
ing as the terminal chain length increases. Despite 
a thermal transition evident at 61°C in the DSC cooling 
trace for CB8O.11, phases either side of this transition 
exhibited a rope-like texture when viewed in cells trea-
ted for planar alignment and a pseudo-isotropic texture 
in cells with homeotropic anchoring. This strongly sug-
gests the formation of the heliconical SmCTB-DH phase 

Figure 6. (Colour online) Periodicities corresponding to diffrac-
tion signals recorded under resonance condition for CB4O.12, 
the inset shows the temperature evolution of the RSoXS signals.

Table 2. Phase transition temperatures (°C) and associated entropy changes (in parenthesis, scaled by R) for the CB8O.m series.
m Cr- SmX3 SmX2 SmX1 SmCTB-DH SmCTB-SH SmA SmC NTB N

1 112 (9.4) 96 (≈0)* 137 (0.3)
2 111 (7.7) 89(≈0)* 130 (0.4)
3 102 (8.3) 32† 73 (0.6)* 77 (0.7)* 93 (≈0)* 134 (0.3)
4 83 (3.7) 25† 64 (0.6)* 78 (0.6)* 82 (≈0)* 121 (0.3)
5 96 (6.6) 68† 90 (≈0)* 130 (0.2)
6 87 (17.4) 53† 59† 76 (≈0)* 113 (0.3)
7 82 (16.8) 79 (≈0)* 113 (0.5)
8 96 (19.7) 82† 115 (0.3)
9 89 (18.7) 81 (≈0)* 114 (0.3)
10 91 (12.9) 71 (0.1)* 106 (0.3)
11 88 (16.4) 61(≈0)* 97 (≈0) 110 (0.2)
12 63 (9.7) 50 (1.5)* 74† 78† 80† 108 (0.3)
14 72 (16.4) 63 (2.0)* 75† 89† 91† 106 (0.3)
16 75 (16.9) 70 (2.7)* 78 (≈0) 90 (0.1) 97 101 (0.2)
18 80 (21.1) 75 (3.3)* 83 (≈0) 95 (0.1) 105 (0.9) 105†

*denotes a temperature obtained from DSC cooling trace. 
†denotes temperature obtained using POM.
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directly below the NTB phase [19]. The lamellar nature 
of the lower-temperature phase is confirmed by the 
observation of a sharp small-angle signal in the X-ray 

diffraction pattern (Figure S5). The NTB phase is extin-
guished for m > 12, and for the longer homologues 
a sequence of up to four smectic phases was observed. 
The highest temperature of these is the orthogonal SmA 
phase, and at lower temperatures, two tilted, heliconical 
phases are formed, SmCTB-SH and SmCTB-DH. The tex-
ture of the SmCTB-SH phase is again a dynamic schlie-
ren-like pattern with areas of distinct stripes of 
alternating birefringence, which is extinguished upon 
transition to the optically uniaxial SmCTB-DH phase. 
Optical birefringence behaves as described earlier for 
the long homologues of the CB4O.m series, see Figure 
S2. The X-ray diffraction patterns for the SmA and 
SmCTB phases (shown for CB8O.18 in Figure 8) are 
essentially identical and consist of sharp small angle 
and diffuse wide-angle signals reflecting the liquid-like 
arrangement of the molecules within the smectic layers. 
The small-angle signal appears at approximately twice 
the molecular length, indicating a bilayer arrangement 
of molecules within the layers. In the lowest tempera-
ture smectic phase, the wide-angle signal narrows and 

Figure 7. (Colour online) POM textures obtained for CB8O.4 in (a) nematic, (b) twist-bend nematic, (c) (d) smectic CA before and after 
mechanical shear, respectively, (e) SmX1 and (f) SmX2 phases.

Figure 8. (Colour online) X-ray diffraction patterns for CB8O.3 
and CB8O.18.
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higher harmonics of the small-angle signal develop, 
indicating a higher ordered phase. Owing to similarities 
between POM textures and X-ray patterns for this phase 
and those reported for CB4O.m (as SmX3, see earlier) 
and CB10O.m (as SmY) [16], we suggest that this is the 
same phase in all series and assign it here again as SmX3.

CB6O.m and CB10O.m

The CB6O.m [19] and CB10O.m series [16] also show 
a change in molecular packing on increasing the terminal 
chain length, from intercalated arrangements for short 
terminal chains (for the CB6O.m series only nematic 
phases are found whereas for the CB10O.m series, a 
SmCA phase is also observed) through to a bilayer struc-
ture for the long homologues (Figure 9). For CB6O.m, 
the crossover form intercalated to interdigitated packing 
lies between m = 9 and 10 and for the CB10O.m series 
between m = 11 and 12. In both series, the longer homo-
logues form helical tilted smectic phases on cooling either 
nematic or SmA phases.

Comparison of the CBnO.m series

Figure 10 compares the transition temperatures shown by 
the four CBnO.m series. The CB4O.m compounds show 
the lowest values of TNI for any given value 
of m (Figure 10(a)). On increasing n, TNI increases pas-
sing to the CB6O.m series and again to the CB8O.m and 
CB10O.m series for which the values of TNI are rather 
similar. This reflects rather typical behaviour for a series 
of nematogenic dimers in which the length of the flexible 
spacer, n, is varied [22,23]. Thus, for a given series of 
dimers, the values of TNI for the even members tend to 
fall on increasing n, whereas those of the odd members 
initially increase on increasing n, pass through 

a maximum value and then slowly decrease. The decrease 
in TNI seen for the even members is associated with the 
dilution of the interactions between the mesogenic units 
arising from the increased volume fraction of alkyl chains 
within the system. For the odd members, however, the 
initial increase in TNI on increasing n reflects the increase 
in molecular flexibility which allows for more linear con-
formations of the spacer to be explored. At some point, 
this effect is offset by the increasing dilution of the inter-
actions between the mesogenic units and a maximum 
value of TNI is reached, and further increases in spacer 
lengths see the dilution factor dominate and TNI falls.

The values of TNTBN show the same trend on increas-
ing n as seen for TNI (Figure 10(b)). It may appear 
counter-intuitive that the values of TNTBN are lowest 
for the most bent dimers, i.e. those having the shortest 
spacer length, n = 4, compared to those of the corre-
sponding members of the series having longer spacers. 
This indicates that the stability of the NTB phase is not 
entirely associated with molecular curvature. Instead, 
the reduction in molecular curvature on moving to 
longer spacers is counteracted by the corresponding 
increase in molecular flexibility that facilitates enhanced 
interactions between the mesogenic groups, and 
increases not only TNI but also TNTBN.

Figure 10(d) compares the upper temperature 
limits of the interdigitated SmA phase stability, i.e. 
SmA-I or SmA-N transition temperatures. It is 
striking, however, that the trends observed for TNI 
and TNTBN are now reversed. Indeed, the value of 
TNI for CB4O.1 is considerably lower than that of 
the other CBnO.1 compounds, whereas TSmAI for 
CB4O.18 is the highest among all CBnO.18 homo-
logues. This strongly suggests that molecular curva-
ture is less important in determining the stability of 
the interdigitated SmA phase. Instead, the greater 

Figure 9. The dependence of the transition temperatures on the length on the terminal chain, m, for the (a) CB6O.m and (b) CB10O. 
m series. Grey striped area marks the monotropic range of the mesophases.

LIQUID CRYSTALS 9



molecular inhomogeneity arising from the shorter 
spacer length for any given value of m stabilises the 
separation of unlike molecular fragments in the 
smectic phase.

We can now explore the role of the spacer chain 
length in governing the molecular packing seen for 
the CBnO.m dimers. For all four series, intercalated 
packing is shown by short terminal chain lengths, 
and interdigitated/bilayer arrangements for longer 
homologues. The length of the spacer, n, determines 
the ‘crossover’ point between these packing types; 
increasing n from 4 to 10 moves the crossover 
from m = 8 to m = 12. The short homologues in 

both the CB4O.m and CB6O.m series form only 
nematic phases, and increasing spacer length gives 
rise to intercalated SmCA phases in the CB8O.m and 
CB10O.m series, and higher values of TSmCAN are 
observed for the latter (Figure 10(c)). In each series, 
heliconical smectic phases are observed for the 
longer homologues in which the layer spacing corre-
sponds to around two molecular lengths.

The intercalated packing observed for the shorter 
terminal chain homologues of all four series is thought 
to be driven by a favourable specific interaction between 
the unlike mesogenic units, suggested to be an electro-
static quadrupolar interaction between groups having 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
50

60

70

80

90

100

110

120

130

140

150

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
50

60

70

80

90

100

110

120

130

140

150

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
50

60

70

80

90

100

110

120

130

140

150

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
50

60

70

80

90

100

110

120

130

140

150

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
50

60

70

80

90

100

110

120

130

140

150

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
50

60

70

80

90

100

110

120

130

140

150

T
 / 

°C

m

a b

dc

fe

T
 / 

°C

m

T
 / 

°C

m

T
 / 

°C

m

T
 / 

°C

m

T
 / 

°C

m

TSmC-

TSmCTB-DH-
TSmCTB-SH-

TSmA-

TN-I TNTB-N

CB4O.m
CB6O.m
CB8O.m
CB10O.m

Figure 10. (Colour online) A comparison of the phase transition temperatures for CBnO.m series, where n = 4, 6, 8, 10 and m = 1–10, 
12, 14, 16, 18.

10 A. F. ALSHAMMARI ET AL.



quadrupole moments of opposite signs [28]. In this 
arrangement, the terminal chain must be accommo-
dated in the void space determined by the length of 
the spacer. For all four series, the members with the 
shortest terminal chains show N and NTB phases in 
which the local periodicity measured along the director 
corresponds to half the molecular length, suggesting 
that dynamic associations between the unlike mesogenic 
units give rise to short-range intercalated arrangements 
but that the terminal chain is too short to fill space 
effectively to stabilise a smectic phase. We note, how-
ever, that CBO12O.2 does exhibit intercalated smectic 
phase behaviour and has an even more pronounced 
mismatch in spacer and terminal chain lengths [27,29] 
but the bent shape of the odd-membered dimers 
reported here further destabilises lamellar packing. 
Increasing the terminal chain lengths for the members 
of the CB8O.m and CB10O.m series such that the ratio 
n:m is around two sees the emergence of the intercalated 
SmCA phase. This condition maximises the packing 
efficiency in the intercalated arrangement. The SmCA- 
N transition temperature is around 20 K higher for the 
CB10O.m series than for the corresponding member of 
the CB8O.m series, reflecting the increasing ease of 
accommodating a terminal chain in the intercalated 
structure on increasing n. Increasing the terminal 
chain further in the CB8O.m and CB10O.m series sees 
the SmCA phase extinguished and a return to exclusively 
nematic behaviour in which, again the periodicity along 
the director corresponds to approximately half the 
molecular length. This indicates that although the 
favourable interactions between the unlike mesogenic 
units drive local intercalated associations between the 
dimers, the longer terminal chains cannot be accommo-
dated which destabilises lamellar packing. At some 
point, the terminal chains become too long and disrupt 
the dynamic associations between the unlike mesogenic 
groups and instead we see interdigitated molecular asso-
ciations driven by the anti-parallel arrangement of the 
polar and polarisable cyanobiphenyl units. As would be 
expected, this switch-over in behaviour shifts to higher 
values of m as the spacer length is increased. It is notable 
that for the CB4O.m series this switch from intercalated 
to interdigitated packing is associated with the onset of 
an increasing trend in the clearing temperature 
(Figure 2) reflecting the enhanced interactions between 
the mesogenic units in the latter arrangement.

We now turn our attention to the heliconical SmCTB-SH 
and SmCTB-DH phases. The upper temperature stability 
limit of the SmCTB-SH phase (Figure 10(e)) follows the 
same trend seen for the interdigitated smectic A phase 
(Figure 10(d)), whereas the stability of the SmCTB-DH 
phase appears rather insensitive to spacer length 

(Figure 10(f)). The former observation suggests the impor-
tance of molecular inhomogeneity on the formation of the 
SmCTB-SH phase, although alternatively may reflect differ-
ences in bend elastic constants arising from molecular 
shape [30].

Finally, we note that these heliconical smectic 
phases appear not to be compatible with intercalated 
packing of the dimers. This may be related to the 
elastic constants for the intercalated SmCA phase and 
its network structure. 2H-NMR spectroscopic studies 
revealed that the intercalated smectic phase shown by 
CBO11O.10-d2 is considerably more viscous than the 
interdigitated (bilayer) SmA phase of CBO5O.10-d2 
at the same absolute temperature and essentially the 
same shifted temperature [31]. This was attributed to 
the network structure of the intercalated smectic 
phase.

Conclusions

This study of four series of the CBnO.m family of dimers 
has reinforced the observation that the nature of the 
local packing of the molecules depends on the n:m ratio. 
For ratios around two and higher, intercalated packing 
is favoured and driven by a specific, favourable interac-
tion between the unlike mesogenic units. For the longer 
spacers studied, n = 8 and 10, the intercalated SmCA was 
observed. Increasing the terminal chain length (decreas-
ing the n:m ratio) destabilises intercalated packing and 
a switch to interdigitated bilayer arrangements is 
observed. This is driven by the antiparallel association 
of the cyanobiphenyl units, and interdigitated smectic 
phases are thought to arise due to the enhanced mole-
cular inhomogeneity. Heliconical SmCTB-SH and 
SmCTB-DH phases are observed only for interdigitated 
packing arrangements. The absence of intercalated heli-
conical smectic phases is attributed to the high viscosity 
associated with the network structure of the intercalated 
smectic phase. The generality of these observations must 
now be tested.
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Supplemental Information
1. Synthesis and Analytical Data

4´-(ω-Bromoalkyl) -[1,1’-biphenyl]-4-carbonitriles (CBnBr) (1)
Under an inert argon atmosphere, sodium (Table S1) was added to a stirred suspension of 1,4-
dinitrile benzene (Table S1) in NH3 (l) (50 ml) at -33 ˚C and the solution turned brown. After 5 min,
benzonitrile (Table S1) was added dropwise and the reaction mixture left to stir for 30 min. 1,ω-
Dibromoalkane (Table S1) was added dropwise and left to stir for 1.5 h, maintaining the acetonitrile-
dry ice bath temperature at ca. -30 °C. Diethyl ether (30 ml) was added slowly, maintaining the
cooling bath temperature under ca. -30 °C, and after 10 min the flask was left open to allow the NH3

to evaporate. The reaction mixture was added to a mixture of Et2O (30 ml) and distilled water (30
ml). The layers were separated, and the aqueous layer was washed with Et2O (60 ml). The organic
layers were combined, washed with distilled water (3 x 50 ml), and dried over anhydrous MgSO4.
The solvent was removed under vacuum, and the yellow liquid was purified by Biotage column
chromatography (Et2O:Hex [10:40]). Yields in the range of 10-19 % were obtained.



Table S1. Quantities of reagents used in the synthesis of the 4´-(ω-bromoalkyl) -[1,1’- biphenyl]-4-carbonitriles (CBnBr).

n Quantity of
1,4-dinitrile
benzene

Quantity of
sodium
metal

Quantity of
benzonitrile

1,ω-
dibromoalkane
used

Quantity of 1,ω-
dibromoalkane

g mmol g mmol g mmol mL g mmol mL
4 9.6 75 3.5 155.0 11.5 112 11.5 1,4-

dibromobutane
5.97 90 10.8

8 3.84 30 1.42 62.0 4.64 45 4.6 1,8-
dibromooctane

9.78 36 6.7

CB4Br:MP 81 °C. 1H NMR (400 MHz, CDCl3) δ ppm: 7.62 (m, 4H, Ar), 7.48 (d, J = 8.0 Hz, 2H, Ar), 7.22
(d, J = 7.8 Hz, 2H, Ar), 3.37 (t, J = 6.6 Hz, 2H, ArCH2(CH2)2CH2Br), 2.64 (t, J = 7.8 Hz, 2H,
ArCH2(CH2)2CH2Br).), 1.82-1.79 (m, 4H, ArCH2(CH2)2CH2Br). 13C NMR (101 MHz, CDCl3) δ ppm: 145.49,
142.60, 136.84, 132.59, 129.17, 127.51, 127.23, 119.01, 110.66, 34.65, 33.53, 32.20, 29.73. IR � ̅ cm-1:
2928, 2861 (aromatic CH), 2225 (C≡N).

CB8Br:MP 61 °C. 1H NMR (400 MHz, CDCl3) δ ppm: 7.77 – 7.66 (m, 4H, Ar), 7.54 (d, J = 8.2 Hz, 2H, Ar),
7.31 (d, J = 8.2 Hz, 2H. Ar), 3.43 (t, J = 6.8 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2Br), 2.69 (t, J = 8.2
Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2Br), 1.88 (p, J = 6.9 Hz, 2H Ar(CH2)6CH2CH2Br), 1.68 (p, J = 7.5
Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2Br), 1.53 – 1.29 (m, 8H, ArCH2CH2CH2CH2CH2CH2CH2CH2Br).
13C NMR (101 MHz, CDCl3) δ ppm: 145.63, 143.68, 136.51, 132.58, 129.19, 127.50, 127.10, 119.06,
110.56, 35.61, 34.02, 32.79, 31.33, 29.28, 29.17, 28.68, 28.14. IR �̅ cm-1: 2924, 2853(sp2 C-H), 2227
(CN), 1605 (Ar-C=C aromatic), 1495 (C-H sp2), 560 (C-Br)

4´-(ω-(4-Formylphenoxy)alkyl)-[1,1’-biphenyl]-4-carbonitriles (CBnOAH) (2)
Under an inert argon atmosphere, a mixture of 4´-(ω-bromoalkyl)-[1,1’-biphenyl]-4-carbonitrile
(Table S2), 4-hydroxybenzaldehyde (Table S2), and potassium carbonate (Table S2) in dry DMF (10
mL) was heated to 90 ˚C for 24 h. The reaction mixture was added to water (30 ml). The precipitate
was collected by vacuum filtration and washed with DCM (15 ml) and water (15ml). The layers were
separated, and the organic layer was washed with water (3 x 10 ml). The organic layers were
combined and dried over anhydrous MgSO4, and the solvent was removed in vacuo, the product was
recrystallised from ethanol. Yields in the range 52-65 % were obtained.

Table S2. Quantities of reagents used in the synthesis of the 4´-(ω-(4-formylphenoxy)yl)- [1,1’-biphenyl]-4-carbonitriles
(CBnOAH).

n Quantity of 4´-(ω-
bromoalkyl) -[1,1’-
biphenyl]-4-
carbonitrile

Quantity of 4-
hydroxybenzaldehyde

Quantity of
potassium carbonate

g mmol g mmol g mmol
4 2.00 6.4 0.78 6.4 1.75 12.6
8 0.79 2.1 0.29 2.3 0.59 4.2

CB4OAH: MP 124 °C. 1H NMR (400 MHz, CDCl3) δ ppm: 9.81 (s, 1H, ArCHO), 7.76 (d, J = 8.3 Hz, 2H,
Ar), 7.62 (m, 4H, Ar), 7.45 (d, J = 7.7 Hz, 2H, Ar), 7.23 (d, J = 8.0 Hz, 2H, Ar), 6.91 (d, J = 8.3 Hz, 2H, Ar),
4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2OAr), 2.70 (t, J = 7.7 Hz, 2H, ArCH2CH2CH2CH2OAr), 1.82-1.79
(m, 4H, ArCH2CH2CH2CH2OAr) 13C NMR (101 MHz, CDCl3) δ ppm: 190.77, 164.09, 145.47, 142.79,



136.82, 132.59, 132.00, 129.88, 129.20, 127.50, 127.22, 119.00, 114.72, 110.67, 68.09, 35.20, 28.66,
27.67. IR � ̅ cm-1: 2922, 2858 (aromatic CH), 2225 (C≡N), 1675 (C=O).

CB8OAH: MP = 65 °C. 1H NMR (400 MHz, CDCl3) δ ppm: 9.89 (s, 1H, ArCHO), 7.84 (d, J = 8.3 Hz, 2H,
Ar), 7.70 (t, J = 6.3 Hz, 4H, Ar), 7.53 (d, J = 7.8 Hz, 2H, Ar), 7.31 (d, J = 7.8 Hz, 2H, Ar), 7.00 (d, J = 8.4
Hz, 2H, Ar), 4.05 (t, J = 6.6 Hz, 2H, ArCH2CH2(CH2)4CH2CH2OAr), 2.69 (t, J = 7.8 Hz, 2H,
ArCH2CH2(CH2)4CH2CH2OAr), 1.83 (p, J = 6.9 Hz, 2H, , ArCH2CH2(CH2)4CH2CH2OAr), 1.69 (p, J = 7.2 Hz,
2H, ArCH2CH2(CH2)4CH2CH2-OAr), 1.61 – 1.35 (m, 8H, ArCH2CH2(CH2)4CH2CH2OAr). 13C NMR (101 MHz,
CDCl3) δ ppm: 190.76, 164.24, 145.55, 143.70, 136.43, 132.56, 131.99, 129.78, 129.20, 127.46,
127.09, 119.05, 114.77, 110.53, 68.40, 35.63, 31.37, 29.42, 29.28, 29.25, 29.06, 25.98. IR ν� cm-1:
2929, 2854, 2222 (C≡N stretch), 1681 (C=O aldehyde), 1598 (para di-substituted benzene), 1575,
1251, 1164, 1017, 816, 519.

4'-(ω-{4-[{[4-Alkylphenyl]imino}methyl]phenoxy}alkyl)[1,1'- biphenyl]-4-carbonitriles, CBnO.m
(3)
Under an inert argon atmosphere, 4'-[n-(4-formylphenoxy)alkyl][1,1'-biphenyl]-4- carbonitrile (Table
3), the appropriate alkylaniline (Table 3) and a crystal of p-toluenesulfonic acid were combined in
EtOH (10 mL) and heated at reflux for 4-5 h. The mixture was cooled to room temperature and the
resulting precipitate collected by vacuum filtration. The crude product was recrystallised twice from
ethanol. Yields in the range 49-86 % were obtained.

Table S3. Quantities of reagents used in the synthesis of the 4'-(ω-{4-[{[4-Alkylphenyl]imino}methyl]phenoxy}alkyl)[1,1'-
biphenyl]-4-carbonitriles (CBnO.m).

n m Quantity of
CBnOAH

Quantity of alkylaniline

g mmol g mL mmol
4 1 0.100 0.28 0.036 - 0.33

2 0.100 0.28 0.040 0.041 0.33
3 0.100 0.28 0.045 0.049 0.33
4 0.100 0.28 0.050 0.053 0.33
5 0.100 0.28 0.055 0.060 0.33
6 0.100 0.28 0.060 0.065 0.33
7 0.100 0.28 0.065 0.071 0.33
8 0.100 0.28 0.070 0.078 0.33
9 0.100 0.28 0.075 0.082 0.33
10 0.100 0.28 0.080 0.085 0.33
12 0.070 0.20 0.063 - 0.24
14 0.070 0.20 0.069 - 0.24
16 0.100 0.20 0.105 - 0.33
18 0.070 0.20 0.083 - 0.24

8 1 0.191 0.46 0.060 - 0.51
2 0.150 0.36 0.050 0.051 0.40
3 0.150 0.36 0.054 0.059 0.40
4 0.150 0.36 0.060 0.063 0.40
5 0.253 0.61 0.120 0.131 0.67
6 0.150 0.36 0.071 0.077 0.40
7 0.150 0.51 0.077 0.085 0.40
8 0.211 0.36 0.128 0.143 0.51
9 0.150 0.36 0.089 0.097 0.40
10 0.150 0.36 0.093 0.099 0.40



11 0.102 0.24 0.070 - 0.27
12 0.150 0.36 0.105 - 0.40
14 0.150 0.36 0.116 - 0.40
16 0.150 0.36 0.127 - 0.40
18 0.150 0.36 0.140 - 0.40

CB4O.1: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.81 (d, J = 8.4 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.55 (d, J = 7.9 Hz, 2H, Ar), 7.35 (d, J = 8.0 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.18 (d, J = 8.0
Hz, 2H, Ar), 6.99 (d, J = 7.8 Hz, 2H), 4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2OAr), 2.78 (t, J = 7.8 Hz, 2H,
ArCH2CH2CH2CH2OAr), 2.40 (s, 3H, ArCH3), 1.92-1.88 (m, 4H, ArCH2CH2CH2CH2OAr). 13C NMR (101
MHz, CDCl3) δ ppm: 161.62, 158.95, 149.90, 145.54, 142.93, 140.54, 136.81,132.60, 130.39, 129.74,
129.23, 127.52, 127.21, 120.77,119.02, 114.65, 110.67 67.84, 35.24, 28.77, 27.72, 21.00. IR �̅ cm-1:
2943, 2858 (aromatic CH), 2223 (C≡N), 1621 (C=N). Elemental Analysis for C31H28N2O Calculated: C =
83.75 % H = 6.35 % N = 6.30 %; Found C = 83.49 % H = 6.39 % N = 6.21 %.

CB4O.2: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.81 (d, J = 8.4 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.55 (d, J = 7.9 Hz, 2H, Ar), 7.35 (d, J = 8.0 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.18 (d, J = 8.0
Hz, 2H, Ar), 6.99 (d, J = 7.8 Hz, 2H), 4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.78 (t, J = 7.8 2H,
ArCH2CH2CH2CH2Oar), 2.63 (q, J = 6.7 Hz, 2H, ArCH2CH3), 1.92-1.88 (m, 4H, ArCH2CH2CH2CH2Oar) 1.29
(t, J = 6.7 Hz, 3H, ArCH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.58, 158.96, 149.97, 145.54,
142.95, 141.80, 136.78, 132.60, 130.39, 129.36, 129.23, 128.54, 127.52, 127.22, 120.84, 119.03,
114.64, 110.64, 67.85, 35.24, 28.77, 28.42, 27.72, 15.68. IR � ̅ cm-1: 2945, 2857 (aromatic CH), 2224
(C≡N), 1622 (C=N). Elemental Analysis for C32H30N2O Calculated: C = 83.81 % H = 6.59 % N = 6.11 %;
Found C = 83.66 % H = 6.48 % N = 5.95 %.

CB4O.3: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.81 (d, J = 8.4 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.55 (d, J = 7.9 Hz, 2H, Ar), 7.35 (d, J = 8.0 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.18 (d, J = 8.0
Hz, 2H, Ar), 6.99 (d, J = 7.8 Hz, 2H), 4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.78 (t, J = 7.8 2H,
ArCH2CH2CH2CH2Oar), 2.63 (m, 2H, ArCH2CH2CH3), 1.92-1.88 (m, 4H, ArCH2CH2CH2CH2Oar), 1.67 (m,
2H, ArCH2CH2CH3), 0.91 (t, J = 6.7 Hz, 3H, ArCH2CH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.57,
158.91, 149.91, 145.54, 142.95, 140.48, 136.78, 132.60, 130.38, 129.38, 129.23, 129.09,127.52,
127.21, 120.76, 119.03, 114.64, 110.64, 67.84, 35.22, 33.73, 28.77, 27.72, 22.37, 13.98. IR � ̅ cm-1:
2944, 2856 (aromatic CH), 2224 (C≡N), 1605 (C=N). Elemental Analysis for C33H32N2O Calculated: C =
83.86 % H = 6.82 % N = 5.93 %; Found: C = 83.45 % H = 6.86 % N = 5.86 %.

CB4O.4: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.81 (d, J = 8.4 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.55 (d, J = 7.9 Hz, 2H, Ar), 7.35 (d, J = 8.0 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.18 (d, J = 8.0
Hz, 2H, Ar), 6.99 (d, J = 7.8 Hz, 2H), 4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2OAr), 2.78 (t, J = 7.8 2H,
ArCH2CH2CH2CH2OAr), 2.63 (m, 2H, ArCH2(CH2)2CH3), 1.92-1.88 (m, 4H ArCH2CH2CH2CH2OAr), 1.67 (m,
2H, ArCH2CH2CH2CH3), 1.36-1.32 (m, 2H, ArCH2CH2CH2CH3), 0.91 (t, J = 6.7 Hz, 3H, ArCH2CH2CH2CH3).
13C NMR (101 MHz, CDCl3) δ ppm: 161.57, 158.91, 149.91, 145.54, 142.95, 140.48, 136.78, 132.60,
130.38, 129.38, 129.23, 129.09, 127.52, 127.22, 120.76, 119.03, 114.64, 110.64, 67.84, 35.24, 35.19,
33.73, 28.77, 27.72, 22.37, 13.99. IR �̅ cm-1: 2948, 2855 (aromatic CH), 2224 (C≡N), 1605 (C=O).
Elemental Analysis for C34H34N2O Calculated: C = 83.91 % H = 7.04 % N = 5.76 %; Found: C = 83.55 %
H = 7.16 % N = 5.66 %.

CB4O.5: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.81 (d, J = 8.4 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.55 (d, J = 7.9 Hz, 2H, Ar), 7.35 (d, J = 8.0 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.18 (d, J = 8.0
Hz, 2H, Ar), 6.99 (d, J = 7.8 Hz, 2H), 4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.78 (t, J = 7.8, 2H,



ArCH2CH2CH2CH2Oar), 2.63 (t, J = 7.8 Hz, 2H, ArCH2CH2(CH2)2CH3), 1.92-1.88 (m, 4H,
ArCH2CH2CH2CH2Oar), 1.68-1.66 (m, 2H, ArCH2CH2(CH2)2CH3), 1.36-1.32 (m, 4H, ArCH2CH2(CH2)2CH3),
0.91 (t, J = 6.7 Hz, 3H, ArCH2CH2(CH2)2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.57, 158.92, 149.91,
145.54, 142.95, 140.52, 136.78, 132.60, 130.38, 129.37, 129.23, 129.08, 127.52, 127.22, 120.76,
119.03, 114.64, 110.64, 67.84, 35.47, 35.24, 31.52, 31.26, 28.77, 27.73, 22.57, 14.06. IR � ̅ cm-1: 2944,
2830 (aromatic CH), 2224 (C≡N), 1622 (C=N). Elemental Analysis for C35H36N2O Calculated: C =
83.94 % H = 7.25 % N = 5.60 %; Found C= 83.65 % H = 7.41 % N = 5.59 %.

CB4O.6: 1H NMR (400 MHz, CDCl3) δ ppm: 8.39 (s, 1H, CH=N), 7.83 (d, J = 8.6 Hz, 2H, Ar), 7.69 (m, 4H,
Ar), 7.52 (d, J = 8.0 Hz, 2H, Ar), 7.32 (d, J = 8.1 Hz, 2H, Ar), 7.19 (d, J = 8.2 Hz, 2H, Ar), 7.13 (d, J = 8.4
Hz, 2H, Ar), 6.96 (d, J = 8.5 Hz, 2H, Ar), 4.06 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.76 (t, J = 7.8 Hz,
2H, ArCH2CH2CH2CH2Oar), 2.62 (t, J = 7.7 Hz, 2H, ArCH2CH2(CH2)3CH3), 1.90-1.86 (m, 4H,
ArCH2CH2CH2CH2Oar), 1.68-1.58 (m, 2H, ArCH2CH2(CH2)3CH3), 1.39 – 1.26 (m, 6H, ArCH2CH2(CH2)3CH3),
0.93-0.82 (m, 3H, ArCH2CH2(CH2)3CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.58, 158.92, 145.54,
142.95, 140.55, 136.78, 132.60, 130.40, 129.36, 129.23, 129.09, 127.52, 127.22, 120.76, 119.04,
114.65, 110.64, 67.85, 35.51, 35.24, 31.76, 31.55, 29.00, 28.77, 27.72, 22.64, 14.12. IR �̅ cm-1: 2944,
2840 (aromatic CH), 2224 (C≡N), 1622 (C=N). Elemental Analysis for C36H38N2O Calculated: C =
84.01 % H = 7.44 % N = 5.44 %; Found: C = 83.55 % H = 7.51 % N = 5.13 %.

CB4O.7: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.81 (d, J = 8.4 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.55 (d, J = 7.9 Hz, 2H, Ar), 7.35 (d, J = 8.0 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.18 (d, J = 8.0
Hz, 2H, Ar), 6.99 (d, J = 7.8 Hz, 2H), 4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.78 (t, J = 7.8 Hz, 2H,
ArCH2CH2CH2CH2Oar), 2.68 (t, J = 7.8 Hz, 2H, ArCH2CH2(CH2)4CH3), 1.92-1.88 (m, 4H
ArCH2CH2CH2CH2Oar), 1.68-1.66 (m, 2H, ArCH2CH2(CH2)4CH3), 1.36-1.33 (m, 8H, ArCH2CH2(CH2)4CH3),
0.92 (t, J = 6.7 Hz, 3H, ArCH2CH2(CH2)4CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.57, 158.91, 149.90,
145.54, 142.95, 140.54, 136.78, 132.60, 130.39, 129.37, 129.23, 129.08, 127.52, 127.22, 120.76,
119.03, 114.64, 110.64, 67.85, 35.51, 35.24, 31.85, 31.59, 29.29, 29.21, 28.78, 27.73, 22.68, 14.12. IR
�̅ cm-1: 2944, 2856 (aromatic CH), 2224 (C≡N), 1623 (C=N). Elemental Analysis for C37H40N2O
Calculated: C = 84.05 % H = 7.63 % N = 5.30 %; Found: C = 83.55 % H = 7.51 % N = 5.13 %.

CB4O.8: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.81 (d, J = 8.4 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.55 (d, J = 7.9 Hz, 2H, Ar), 7.35 (d, J = 8.0 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.18 (d, J = 8.0
Hz, 2H, Ar), 6.99 (d, J = 7.8 Hz, 2H), 4.08 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.78 (t, J = 7.8 Hz, 2H,
ArCH2CH2CH2CH2OAr), 2.63 (m, 2H, ArCH2CH2(CH2)5CH3), 1.92-1.88 (m, 4H, ArCH2CH2CH2CH2Oar),
1.68-1.66 (m, 2H, ArCH2CH2(CH2)5CH3), 1.36-1.33 (m, 10H, ArCH2CH2(CH2)5CH3), 0.92 (t, J = 6.7 Hz, 3H,
ArCH2CH2(CH2)5CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.58, 158.96, 149.97, 145.54, 142.95,
141.80, 136.77, 132.60, 130.39, 129.36, 129.29, 128.54, 127.52, 127.21, 120.83, 119.03,114.64,
110.64, 67.84, 35.24, 28.77, 28.42, 27.72, 15.68. IR �̅ cm-1: 2926, 2854 (aromatic CH), 2225 (C≡N),
1623 (C=N). Elemental Analysis for C38H42N2O Calculated: C = 84.09 % H = 7.80 % N = 5.16 %; Found:
C = 83.75 % H = 7.92 % N = 5.14 %.

CB4O.9: 1H NMR (400 MHz, CDCl3) δ ppm: 8.32 (s, 1H, CH=N), 7.75 (d, J = 8.4 Hz, 2H, Ar), 7.62 (m, 4H,
Ar), 7.45 (d, J = 8.0 Hz, 2H, Ar), 7.25 (d, J = 7.9 Hz, 2H, Ar), 7.12 (d, J = 8.1 Hz, 2H, Ar), 7.05 (d, J = 8.0
Hz, 2H, Ar), 6.89 (d, J = 8.2, Hz, 2H, Ar), 3.99 (t, J = 7.8 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.70 (t, J = 7.8 Hz,
2H, ArCH2CH2CH2CH2Oar), 2.54 (t, J = 7.7 Hz, 2H, ArCH2CH2(CH2)6CH3), 1.82-1.80 (m, 4H,
ArCH2CH2CH2CH2Oar), 1.57-1.54 (m, 2H, ArCH2CH2(CH2)6CH3), 1.26-1.22 (m, 12H, ArCH2CH2(CH2)6CH3),
0.81 (t, J = 6.7 Hz, 3H, ArCH2CH2(CH2)6CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.57, 158.91, 149.90,
145.54, 142.95, 140.54, 136.78, 132.60, 130.38, 129.38, 129.23, 129.08, 127.52, 127.22, 120.76,
119.03, 114.64, 110.64, 67.84, 35.51, 35.24, 31.92, 31.59, 29.58, 29.55, 29.35, 29.33, 28.78, 27.73,



22.70, 14.13. IR � ̅ cm-1: 2944 (aromatic CH), 2224 (C≡N), 1622 (C=N). Elemental Analysis for
C39H44N2O Calculated: C = 84.13 % H = 7.97 % N = 5.03 %; Found: C= 83.65 % H = 8.05 % N = 5.00 %.

CB4O.10: 1H NMR (400 MHz, CDCl3) δ ppm: 8.39 (s, 1H, CH=N), 7.82 (d, J = 8.3 Hz, 2H, Ar), 7.70 (m,
4H, Ar), 7.53 (d, J = 7.6 Hz, 2H, Ar), 7.33 (d, J = 7.8 Hz, 2H, Ar), 7.17 (d, J = 7.9 Hz, 2H), 7.11 (d, J = 7.9
Hz, 2H) 6.97 (d, J = 8.1 Hz, 2H, Ar), 4.05 (t, J = 5.9 Hz, 2H, ArCH2CH2CH2CH2Oar), 2.77 (t, J = 6.0 Hz, 2H,
ArCH2CH2CH2CH2Oar), 2.61 (t, J = 8.0 Hz, 2H, ArCH2CH2(CH2)7CH3), 1.91 – 1.85 (m, 4H,
ArCH2CH2CH2CH2Oar), 1.62 (m, 2H, ArCH2CH2(CH2)7CH3), 1.33-1.28 (m, 14H, ArCH2CH2(CH2)7CH3), 0.88
(t, J = 6.4 Hz, 3H, ArCH2CH2(CH2)7CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.53, 158.91,149.81,
145.54, 142.95,140.50, 136.78, 132.60, 130.38, 129.40, 129.23, 129.08, 127.52, 127.21, 120.76,
119.03, 114.64, 110.64, 67.85, 35.51, 35.24, 31.92, 31.58, 29.64, 29.62, 29.54, 29.36, 29.33, 28.77,
27.73, 22.70, 14.14. IR �̅ cm-1: 2944 (aromatic CH), 2224 (C≡N), 1622 (C=N). Elemental Analysis for
C40H46N2O Calculated: C = 84.17 % H = 8.12 % N = 4.91 %; Found: C= 83.80 % H = 8.05 % N = 4.73 %.

CB4O.12: 1H NMR (400 MHz, CDCl3) δ ppm: 8.40 (s, 1H, CH=N), 7.83 (d, J = 8.4 Hz, 2H, Ar), 7.69 (m,
4H, Ar), 7.53 (d, J = 7.9 Hz, 2H, Ar), 7.32 (d, J = 7.9 Hz, 2H, Ar), 7.20 – 7.10 (m, 4H, Ar), 6.96 (d, J = 8.5
Hz, 2H, Ar), 4.06 (m, 2H, ArCH2CH2CH2CH2OAr), 2.81 – 2.73 (m, 2H, ArCH2CH2CH2CH2OAr), 2.62 (t, J =
7.7 Hz, 2H, ArCH2CH2(CH2)9CH3), 1.88 (m, 4H, ArCH2CH2CH2CH2OAr), 1.62 (m, 2H, ArCH2CH2(CH2)9CH3),
1.33 (m, 18H, ArCH2CH2(CH2)9CH3), 0.89 (t, J = 6.6 Hz, 3H, ArCH2CH2(CH2)9CH3). 13C NMR (101 MHz,
CDCl3) δ ppm: 161.57, 158.90, 149.90, 145.54, 142.95, 140.54, 136.77, 132.60, 130.39, 129.38,
129.23, 129.09, 127.52, 127.22, 120.77, 119.04, 114.65, 110.64, 67.85, 35.52, 35.25, 31.95, 31.59,
29.71, 29.69, 29.67, 29.63, 29.55, 29.38, 29.34, 28.78, 27.73, 22.72, 14.15. IR �̅ cm-1: 2932 (aromatic
CH), 2227 (C≡N), 1621 (C=N). HRMS: (TOF ESI+) (m/z): [M+H]+ for C42H51N2O Calculated: 599.4001;
Found: 599.3993 (1.3 ppm difference).

CB4O.14: 1H NMR (400 MHz, CDCl3) δ ppm: 8.39 (s, 1H, CH=N), 7.86 – 7.77 (m, 2H, Ar), 7.69 (m, 4H,
Ar), 7.59 – 7.49 (m, 2H, Ar), 7.36 – 7.29 (m, 2H, Ar), 7.22 – 7.10 (m, 4H, Ar), 6.97 (m, 2H, Ar), 4.06 (m,
2H, ArCH2CH2CH2CH2OAr), 2.77 (m, 2H, ArCH2CH2CH2CH2OAr), 2.66 – 2.57 (m, 2H,
ArCH2CH2(CH2)11CH3), 1.91 – 1.81 (m, J = 4.3 Hz, 4H, ArCH2CH2CH2CH2OAr), 1.66 – 1.57 (m, 2H,
ArCH2CH2(CH2)11CH3), 1.26 (s, 22H, ArCH2CH2(CH2)11CH3), 0.88 (t, J = 6.7 Hz, 3H, ArCH2CH2(CH2)11CH3).
13C NMR (101 MHz, CDCl3) δ ppm: 161.57, 158.90, 149.90, 145.54, 142.95, 140.54, 136.77, 132.60,
130.39, 129.38, 129.23, 129.08, 128.75, 127.52, 127.22, 120.76, 119.04, 114.76, 114.64, 110.64,
77.35, 77.04, 76.72, 67.84, 35.94, 35.52, 35.25, 31.95, 31.59, 29.72, 29.70, 29.69, 29.63, 29.55, 29.38,
29.34, 28.78, 27.73, 22.71, 14.15. IR �̅ cm-1: 2921 (aromatic CH), 2225 (C≡N), 1622 (C=N). HRMS: (TOF
ESI+) (m/z): [M+H]+ for C44H55N2O Calculated: 627.4314; Found: 627.4296 (2.9 ppm difference).

CB4O.16: 1H NMR (400 MHz, CDCl3) δ ppm: 8.39 (s, 1H, CH=N), 7.82 (d, J = 8.7 Hz, 2H, Ar), 7.69 (q, J =
8.4 Hz, 4H, Ar), 7.53 (d, J = 8.1 Hz, 2H, Ar), 7.32 (d, J = 8.1 Hz, 2H, Ar), 7.19 (d, J = 8.3 Hz, 2H, Ar), 7.12
(d, J = 8.3 Hz, 2H, Ar), 6.96 (d, J = 8.7 Hz, 2H, Ar), 4.06 (t , J = 5.8 Hz, 2H, ArCH2CH2CH2CH2OAr), 2.77 (t,
J = 7.8 Hz, 2H, ArCH2CH2CH2CH2OAr), 2.61 (t, J = 7.5 Hz, 2H, ArCH2CH2(CH2)13CH3), 1.91–1.85 (m, 4H,
ArCH2CH2CH2CH2OAr), 1.61 (m, 2H, ArCH2CH2(CH2)13CH3), 1.36–1.22 (m, 26H, ArCH2CH2(CH2)13CH3),
0.88 (t, J = 6.6 Hz, 3H, ArCH2CH2(CH2)13CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.57, 158.92,
149.89, 145.55, 142.95, 140.55, 136.78, 132.60, 130.38, 129.37, 129.23, 129.08, 127.52, 127.22,
120.76, 119.03, 114.64, 110.64, 67.84, 35.51, 35.24, 31.94, 31.59, 30.95, 29.72, 29.70, 29.68, 29.63,
29.54, 29.38, 29.33, 28.78, 27.73, 22.71, 14.14. IR � ̅ cm-1: 2920 (aromatic CH), 2228 (C≡N), 1623
(C=N). Elemental Analysis for C46H58N2O Calculated: C = 84.35 % H = 8.93 % N = 4.28 % Found: C =
84.35 % H = 9.06 % N = 4.15 %.

CB4O.18: 1H NMR (400 MHz, CDCl3) δ ppm: 8.39 (s, 1H, CH=N), 7.86 – 7.75 (m, 2H, Ar), 7.75 – 7.64
(m, 4H, Ar), 7.58 – 7.49 (m, 2H, Ar), 7.33 (m, 2H, Ar), 7.22 – 7.09 (m, 4H, Ar), 7.05 – 6.92 (m, 2H, Ar),



4.06 (t, J = 4.9 Hz, 2H, ArCH2CH2CH2CH2OAr), 2.77 (d, J = 7.0 Hz, 2H, ArCH2CH2CH2CH2OAr), 2.65 –
2.57 (m, 2H, ArCH2CH2(CH2)15CH3), 1.88 (p, J = 3.0 Hz, 4H, ArCH2CH2CH2CH2OAr), 1.61 (m, 2H,
ArCH2CH2(CH2)15CH3), 1.25 (m, 30H, ArCH2CH2(CH2)15CH3), 0.92 – 0.84 (m, 3H, ArCH2CH2(CH2)15CH3).
13C NMR (101 MHz, CDCl3) δ 161.57, 160.08, 158.90, 149.90, 145.54, 143.04, 142.95, 140.77, 140.54,
136.77, 136.74, 136.12, 132.60, 131.18, 130.39, 129.38, 129.25, 129.23, 129.08, 128.75, 127.52,
127.21, 126.91, 125.73, 120.76, 119.03, 118.47, 114.76, 114.64, 110.64, 67.84, 35.94, 35.52, 35.24,
31.95, 31.59, 31.31, 29.72, 29.70, 29.68, 29.63, 29.55, 29.38, 29.34, 28.84, 28.78, 27.73, 22.71, 14.15.
IR � ̅ cm-1: 2925 (aromatic CH), 2225 (C≡N), 1622 (C=N). HRMS: (TOF ESI+) (m/z): [M+H]+ for C48H63N2O
Calculated: 683.4940; Found: 683.4929 (1.6 ppm difference).

CB8O.1: 1H NMR (400 MHz, CDCl3) δ ppm: 8.41 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.21 (d, J = 8.2 Hz, 2H, Ar), 7.14 (d, J = 8.3
Hz, 2H, Ar), 6.98 (d, J = 8.8 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.69 (t, J = 8.1 Hz, 2H, ArCH2(CH2)7OAr), 2.39 (s, 3H, ArCH3), 1.83 (p, J = 6.7 Hz, 2H,
Ar(CH2)6CH2CH2OAr), 1.71–1.65 (m, 2H, ArCH2CH2(CH2)6OAr), 1.54–1.19 (m, 8H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr). 13C NMR (101 MHz, CDCl3) δ ppm: 161.71, 158.99, 149.8, 144.6,
143.72, 136.50, 135.34, 132.58, 130.38, 129.73, 129.19, 127.49, 127.10, 120.78, 119.05, 114.66,
110.51, 68.13, 35.62, 31.36, 29.39, 29.21, 29.15, 25.99, 21.00. IR � ̅ cm-1: 2920, 2851 (C-H, sp2), 2222
(C≡N stretch), 1622 (C=N), 1603 (para disubstituted benzene), 1511, 1252, 1164, 816, 537. Elemental
Analysis for C35H36N2O Calculated: C = 83.95 %, H = 7.25 %, N = 5.60 %; Found: C = 83.68 %, H =
7.11 %, N = 5.40 %.

CB8O.2: 1H NMR (400 MHz, CDCl3) δ ppm: 8.41 (s, 1H, CH=N), 7.85 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.24 (d, J = 8.3 Hz, 2H, Ar), 7.16 (d, J = 8.3
Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.90–2.57 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH3), 1.83 (p, J = 6.6 Hz, 2H, Ar(CH2)6CH2CH2OAr), 1.79–1.61
(m, 2H, ArCH2CH2(CH2)6OAr), 1.55–1.31 (m, 8H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr), 1.28 (t, J = 7.6
Hz, 3H, ArCH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.71, 159.03, 149.99, 145.62, 143.72, 141.78,
136.50, 132.58, 130.39, 129.24, 129.19, 128.53, 127.49, 127.10, 120.84, 119.06, 114.66, 110.55,
68.13, 35.62, 31.62, 29.39, 29.26, 29.21, 29.15, 28.42, 25.99, 15.68. IR � ̅ cm-1: 2922, 2854 (C-H, sp2),
2222 (C≡N stretch), 1623 (C=N), 1604 (para disubstituted benzene), 1511, 1248, 1160, 818, 536.
Elemental Analysis for C36H38N2O Calculated: C = 84.01 %, H = 7.44 %, N = 5.44 %; Found: C = 84.06 %,
H = 7.41 %, N = 5.31 %.

CB8O.3: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.1 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.21 (d, J = 8.2 Hz, 2H, Ar), 7.15 (d, J = 8.3
Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.58 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2CH3), 1.83 (p, J = 6.7 Hz, 2H, Ar(CH2)6CH2CH2OAr), 1.75–
1.63 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2CH3), 1.45 (m, 8H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
0.98 (t, J = 7.3 Hz, 3H, ArCH2CH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.79, 158.98, 149.73,
145.66, 143.72, 140.22, 136.50, 134.54, 132.58, 130.37, 129.19. 129.14, 127.49, 127.10, 120.75,
118.98, 114.66, 110.54, 68.13, 37.59, 35.62, 31.36, 29.39, 29.26, 29.21, 29.15, 25.99, 24.64, 13.83. IR
�̅ cm-1: 2923, 2853(C-H, sp2), 2223 (C≡N stretch), 1623 (C=N), 1604 (para disubstituted benzene),
1510, 1249, 1160, 818, 541. Elemental Analysis for C37H40N2O Calculated: C = 84.05 %, H = 7.63 %, N
= 5.30 %; Found: C = 84.27 %, H = 7.47 %, N = 5.17 %.

CB8O.4: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.2 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.15 (d, J = 8.3



Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.61 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2CH2CH3), 1.83 (p, J = 6.6 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.72–1.56 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2CH2CH3), 1.54–1.16 (m, 10H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2CH2CH3), 0.96 (t, J = 7.3 Hz, 3H, ArCH2CH2CH2CH3). 13C
NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.97, 149.94, 145.62, 143.72, 140.45, 136.50, 132.58,
130.38, 129.26, 129.20, 129.08, 127.49, 127.10, 120.76, 119.06, 114.66, 110.55, 68.13, 35.62, 35.19,
33.73, 31.36, 29.39, 29.26, 29.21, 29.16. 26.00, 22.37, 13.99. IR �̅ cm-1: 2923, 2853 (C-H, sp2), 2226
(C≡N stretch), 1624 (C=N), 1606 (para disubstituted benzene), 1511, 1259, 1164, 818, 538. Elemental
Analysis for C38H42N2O Calculated: C = 84.09 %, H = 7.80 %, N = 5.16 %; Found: C = 84.04 %, H =
7.70 %, N = 5.05 %.

CB8O.5: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.85 (d, J = 8.6 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.16 (d, J = 8.3
Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.60 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2CH2CH2CH3), 1.83 (p, J = 6.6 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.72–1.65 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2CH2CH2CH3), 1.55–1.13 (m, 12H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2CH2CH2CH3), 0.93 (t, J = 7.0 Hz, 3H,
ArCH2CH2CH2CH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.77, 158.99, 149.84, 145.62, 143.72,
140.50, 136.50, 132.58, 130.46, 129.20, 129.10, 127.49, 120.77, 119.05, 114.68, 110.54, 68.15, 35.63,
35.48, 31.52, 31.37, 31.26, 29.40, 29.27, 29.16, 26.00, 22.58, 14.07. IR � ̅ cm-1: 2921, 2850 (C-H, sp2),
2225 (C≡N stretch), 1624 (C=N), 1606 (para disubstituted benzene), 1513, 1254, 1163, 812, 538.
Elemental Analysis for C39H44N2O Calculated: C = 84.13 %, H = 7.97 %, N = 5.03 %; Found: C = 83.99 %,
H = 7.83 %, N = 4.94 %.

CB8O.6: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.2 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.15 (d, J = 8.3
Hz, 2H, Ar), 6.97 (d, J = 8.8 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.92–2.46 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2CH2CH2CH2CH3), 1.83 (p, J = 6.2 Hz, 2H,
Ar(CH2)6CH2CH2OAr), 1.72–1.59 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2CH2CH2CH2CH3), 1.55–1.20 (m,
14H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2CH2CH2CH2CH3), 0.91 (t, J = 6.7 Hz, 3H,
ArCH2CH2CH2CH2CH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.98, 149.92, 145.62, 143.72,
140.51, 136.50, 132.58, 130.38, 129.25, 129.20, 129.08, 127.49, 127.10, 120.76, 119.06, 114.66,
110.55, 68.13, 35.62, 35.51, 31.75, 31.55, 31.36, 29.26, 29.21, 29.16, 28.99, 26.00, 22.64, 14.12. IR � ̅
cm-1: 2919, 2849 (C-H, sp2), 2226 (C≡N stretch), 1618 (C=N), 1606 (para disubstituted benzene), 1511,
1259, 1165, 815, 539. Elemental Analysis for C40H46N2O Calculated: C = 84.17 %, H = 8.12 %, N =
4.91%; Found: C = 84.22 %, H = 7.96 %, N = 4.79 %.

CB8O.7: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.85 (d, J = 8.6 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.31 (d, J = 8.2 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar) 7.15 (d, J = 8.3 Hz, 2H, Ar), 6.98 (d, J = 8.8
Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr), 2.73–2.60 (m, 4H,
ArCH2(CH2)7OAr, ArCH2CH2CH2CH2CH2CH2CH3), 1.82 (p, J = 6.7 Hz, 2H, Ar(CH2)6CH2CH2OAr), 1.75–1.59
(m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2CH2CH2CH2CH2CH3), 1.55–1.18 (m, 16H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2CH2CH2CH2CH2CH3), 0.91 (t, J = 6.8 Hz, 3H,
ArCH2CH2CH2CH2CH2CH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.68, 158.97, 149.97, 145.58,
143.72, 140.51, 136.45, 132.58, 130.38, 129.20, 129.08, 127.49, 127.10, 120.76, 119.07, 114.66,
110.56, 68.14, 35.62, 35.51, 31.85, 31.59, 31.36, 29.39, 29.29, 29.27, 29.21, 29.16, 26.00, 22.68,
14.12. IR � ̅ cm-1: 2921, 2849 (C-H, sp2), 2225 (C≡N stretch), 1622 (C=N), 1607 (para disubstituted
benzene), 1512, 1255, 1164, 812, 540. Elemental Analysis for C41H48N2O Calculated: C = 84.20 %, H =
8.27 %, N = 4.79 %; Found: C = 84.14 %, H = 8.24 %, N = 4.67 %.



CB8O.8: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.2 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.15 (d, J = 8.3
Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.75–2.60 (m, 4H, ArCH2(CH2)7OAr, ArCH2(CH2)6CH3), 1.83 (p, J = 6.6 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.72–1.60 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)6CH3), 1.55–1.24 (m, 18H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2CH2CH2CH2CH2CH2CH3), 0.91 (t, J = 7.4 Hz, 3H,
ArCH2CH2CH2CH2CH2CH2CH2CH3) 13C NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.97, 149.98, 145.62,
143.72, 140.45, 136.42, 132.58, 130.37, 129.26, 129.19, 129.08, 127.49, 127.10, 120.76, 119.12,
114.66, 110.55, 68.13, 35.62, 35.19, 33.73, 32.54, 31.36, 29.39, 29.26, 29.21, 29.15, 26.00, 22.37,
13.98. IR � ̅ cm-1: 2919, 2849 (C-H, sp2), 2224 (C≡N stretch), 1622 (C=N), 1606 (para disubstituted
benzene), 1511, 1248, 1164, 817, 539. Elemental Analysis for C42H50N2O Calculated: C = 84.23 %, H =
8.42 %, N = 4.68 %; Found: C = 84.18 %, H = 8.31 %, N = 4.32 %.

CB8O.9: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m, 4H,
Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.2 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.15 (d, J = 8.3
Hz, 2H, Ar), 6.98 (d, J = 8.8 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.60 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2(CH2)4CH2CH2CH3), 1.83 (p, J = 6.7 Hz, 2H,
Ar(CH2)6CH2CH2OAr), 1.71–1.59 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)4CH2CH2CH3), 1.55–1.14
(m, 20H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2(CH2)4CH2CH2CH3), 0.91 (t, J = 6.8 Hz, 3H
ArCH2CH2(CH2)4CH2CH2CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.96, 149.93, 145.62,
143.72, 140.51, 136.50, 132.58, 130.37, 129.26, 129.19, 129.07, 127.49, 127.10, 120.67, 119.06,
114.66, 110.56, 68.13, 35.62, 35.51, 31.92, 31.59, 31.36, 29.58, 29.54, 29.39, 29.34, 29.27, 29.21,
29.16, 26.00, 22.70, 14.13. IR � ̅ cm-1: 2918, 2847 (C-H, sp2), 2232 (C≡N stretch), 1623 (C=N), 1603
(para disubstituted benzene), 1510, 1254, 1162, 815, 540. Elemental Analysis for C43H52N2O
Calculated: C = 84.27 %, H = 8.55 %, N = 4.57 %; Found: C = 84.27 %, H = 8.47 %, N = 4.40 %.

CB8O.10: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.85 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m,
4H, Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.32 (d, J = 8.1 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.15 (d, J =
8.3 Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.60 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2(CH2)7CH3), 1.82 (p, J = 6.7 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.74–1.59 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)7CH3), 1.56–1.26 (m, 22H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2(CH2)7CH3), 0.91 (t, J = 7.0 Hz, 3H, ArCH2CH2(CH2)7CH3).
13C NMR (101 MHz, CDCl3) δ ppm: 161.71, 159.02, 149.90, 145.63, 143.72, 140.53, 136.49, 132.58,
130.39, 129.23, 129.20, 129.08, 127.49, 127.10, 120.77, 119.06, 114.67, 110.54, 68.14, 35.62, 35.51,
31.92, 31.59, 31.36, 29.64, 29.63, 29.54, 29.39, 29.35, 29.33, 29.27, 29.21, 29.16, 26.00, 22.70, 14.14.
IR � ̅ cm-1: 2918, 2849(C-H, sp2), 2228 (C≡N stretch), 1622 (C=N), 1607 (para disubstituted benzene),
1512, 1251, 1169, 812, 538. Elemental Analysis for C44H54N2O Calculated: C = 84.30 %, H = 8.68 %, N
= 4.47 %; Found: C = 83.99 %, H = 8.75 %, N = 4.35 %.

CB8O.11: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.73 (m,
4H, Ar), 7.53 (d, J = 8.1 Hz, 2H, Ar), 7.31 (d, J = 8.2 Hz, 2H, Ar), 7.21 (d, J = 8.2 Hz, 2H, Ar), 7.15 (d, J =
8.3 Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.60 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2(CH2)8CH3), 1.83 (p, J = 6.6 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.72–1.59 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)8CH3, 1.56–1.06 (m, 24H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2(CH2)8CH3), 0.91 (t, J = 6.7 Hz, 3H, ArCH2CH2(CH2)8CH3).
13C NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.96, 149.93, 145.62, 143.72, 140.51, 136.50, 132.58,
130.37, 129.26, 129.20, 129.07, 127.49, 127.10, 120.76, 119.06, 114.66, 110.56, 68.13, 35.62, 35.51,
31.94, 31.59, 31.36, 29.69, 29.65, 29.62, 29.54, 29.39, 29.36, 29.33, 29.27, 29.21, 29.16, 26.00, 22.71,



14.14. IR � ̅ cm-1: 2918, 2848 (C-H, sp2), 2227 (C≡N stretch), 1622 (C=N), 1607 (para disubstituted
benzene), 1512, 1250, 1169, 814, 541.

CB8O.12: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m,
4H, Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.21(d, J = 8.2 Hz, 2H, Ar), 7.15 (d, J =
8.3 Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.59 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2(CH2)9CH3), 1.83 (p, J = 6.6 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.72–1.59 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)9CH3, 1.57–1.14 (m, 26H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2(CH2)9CH3), 0.90 (t, J = 6.7 Hz, 3H, ArCH2CH2(CH2)9CH3).
13C NMR (101 MHz, CDCl3) δ ppm: 161.72, 159.04 149.88, 145.62, 143.72, 140.54, 136.49, 132.58,
130.40, 129.22, 129.20, 129.09, 127.49, 127.10, 120.78, 119.06, 114.67, 110.53, 68.14, 35.63, 35.52,
31.95, 31.59, 31.36, 29.71, 29.69, 29.67, 29.63, 29.55, 29.40, 29.38, 29.34, 29.27, 29.22, 29.16, 26.00,
22.72, 14.15. IR � ̅ cm-1: 2917, 2850 (C-H, sp2), 2228 (C≡N stretch), 1625 (C=N), 1605 (para
disubstituted benzene), 1512, 1258, 1162, 817, 538. HRMS: (TOF ESI+) (m/z): [M+H]+ for C46H59N2O
Calculated: 655.4627; Found: 655.4608 (2.9 ppm difference).

CB8O.14: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m,
4H, Ar), 7.53 (d, J = 8.2 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.15 (d, J =
8.3 Hz, 2H, Ar), 6.85 (d, J = 8.5 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.59 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2(CH2)11CH3), 1.83 (p, J = 6.7 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.76–1.62 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)11CH3), 1.55–1.06 (m, 30H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2(CH2)11CH3), 0.90 (t, J = 6.7 Hz, 3H, Ar(CH2)13CH3). 13C
NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.97, 149.92, 145.62, 143.72, 140.52, 136.49, 132.58,
130.38, 129.26, 129.20, 129.08, 127.49, 127.10, 120.77, 119.06, 114.66, 110.55, 68.13, 35.63, 35.52,
31.95, 31.59, 31.37, 29.72, 29.71, 29.63, 29.55, 29.39, 29.34, 29.27, 29.22, 29.17, 26.00, 22.72, 14.15.
IR � ̅ cm-1: 2915, 2847 (C-H, sp2), 2237 (C≡N stretch), 1621 (C=N), 1607 (para disubstituted benzene),
1510, 1250, 1166, 816, 541. HRMS: (TOF ESI+) (m/z): [M+H]+ for C48H63N2O Calculated: 683.4940;
Found: 683.4924 (2.3 ppm difference).

CB8O.16: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m ,
4H, Ar), 7.53 (d, J = 8.1 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.21 (d, J = 8.3 Hz, 2H, Ar), 7.15 (d, J =
8.3 Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.59 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2(CH2)13CH3), 1.83 (p, J = 6.7 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.65 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)13CH3), 1.34 (m, 34H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2(CH2)13CH3), 0.90 (t, J = 6.7 Hz, 3H,
ArCH2CH2(CH2)13CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.97, 149.92, 145.62, 143.72,
140.52, 136.50, 132.58, 130.37, 129.25, 129.19, 129.07, 127.49, 127.10, 120.76, 119.06, 114.66,
110.55, 68.13, 35.62, 35.51, 31.94, 31.59, 31.36, 29.72, 29.62, 29.54, 29.38, 29.33, 29.27, 29.21,
29.16, 22.71, 14.14. IR � ̅ cm-1: 2915, 2847 (C-H, sp2), 2237 (C≡N stretch), 1621 (C=N), 1607 (para
disubstituted benzene), 1510, 1250, 1166, 816, 541. HRMS: (TOF ESI+) (m/z): [M+H]+ for C50H67N2O
Calculated: 711.5253; Found: 711.5261 (1.1 ppm difference).

CB8O.18: 1H NMR (400 MHz, CDCl3) δ ppm: 8.42 (s, 1H, CH=N), 7.84 (d, J = 8.7 Hz, 2H, Ar), 7.71 (m,
4H, Ar), 7.53 (d, J = 8.1 Hz, 2H, Ar), 7.31 (d, J = 8.1 Hz, 2H, Ar), 7.21 (d, J = 8.2 Hz, 2H, Ar), 7.15 (d, J =
8.3 Hz, 2H, Ar), 6.98 (d, J = 8.7 Hz, 2H, Ar), 4.04 (t, J = 6.5 Hz, 2H, ArCH2CH2CH2CH2CH2CH2CH2CH2OAr),
2.73–2.59 (m, 4H, ArCH2(CH2)7OAr, ArCH2CH2(CH2)15CH3), 1.83 (p, J = 6.7 Hz, 2H, Ar(CH2)6CH2CH2OAr),
1.70–1.59 (m, 4H, ArCH2CH2(CH2)6OAr, ArCH2CH2(CH2)15CH3), 1.54–1.18 (m, 38H,
ArCH2CH2CH2CH2CH2CH2CH2CH2OAr, ArCH2CH2(CH2)15CH3), 0.90 (t, J = 6.8 Hz, 3H,
ArCH2CH2(CH2)15CH3). 13C NMR (101 MHz, CDCl3) δ ppm: 161.70, 158.97, 149.92, 145.62, 143.72,
140.51, 136.50, 132.58, 130.37, 129.26,.129.19, 129.07, 127.49, 127.10, 120.76, 119.06, 114.66,



110.55, 68.13, 35.62, 35.51, 31.94, 31.59, 31,36, 29.72, 29.63, 29.54, 29.38, 29.34, 29.27, 29.21,
29.16, 26.00, 22.71, 14.14. IR � ̅ cm-1: 2917, 2850 (C-H, sp2), 2239 (C≡N stretch), 1621 (C=N), 1607
(para disubstituted benzene), 1513, 1259, 1163, 817, 540. HRMS: (TOF ESI+) (m/z): [M+H]+ for
C52H71N2O Calculated: 739.5566; Found: 739.5581 (2.0 ppm difference).

2. Additional Optical birefringence

Figure S1. Optical birefringence as a function of temperature for CB8O.4, CB8O.5 and CB8O.6.

Figure S2. Optical birefringence as a function of temperature for CB8O.12, CB8O.14 and CB8O.18.



3. Additional X-ray diffraction

Figure S3. The temperature dependence of the layer spacings shown for the smectic phases exhibited by
CB4O.m homologues with m = 10, 14, 16, 18.

Figure S4. X-ray diffraction patterns for CB8O.4 in SmC and higher order phases arbitrarily named SmX1 and SmX2.

Figure S5. X-ray diffraction patterns for CB8O.11 in N, NTB and SmCTB-DH phases.
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