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Sulfur-linked cyanoterphenyl-based liquid crystal
dimers and the twist-bend nematic phase†

Ewan Cruickshank, ‡*a Grant J. Strachan, ab Abigail Pearson, a

Damian Pociecha, b Ewa Gorecka, b John M. D. Storey a and
Corrie T. Imrie §a

The synthesis and characterisation of two series of cyanoterphenyl-based liquid crystal dimers

containing sulfur links between the spacer and mesogenic units, the 34-{o-[(40-cyano-[1,10-biphenyl]-4-

yl)thio]alkyl}-[11,21:24,31-terphenyl]-14-carbonitriles (CBSnCT), and the 34-({o-[(40-cyano-[1,10-biphenyl]-

4-yl)thio]alkyl}oxy)-[11,21:24,31-terphenyl]-14-carbonitriles (CBSnOCT) are described. The odd members

of both series show twist-bend nematic and nematic phases, whereas the even members exhibit only

the nematic phase. This is consistent with the widely held view that molecular curvature is a prerequisite

for the observation of the twist-bend nematic phase. The nematic–isotropic and twist-bend nematic–

nematic transition temperatures are higher for the dimers containing cyanoterphenyl groups than for the

corresponding cyanobiphenyl-based dimers. This change is more pronounced for the nematic–isotropic

transition temperatures and is attributed to the enhanced interaction strength parameter associated with

the cyanoterphenyl fragment whereas the molecular shapes, as governed by the spacer, are rather simi-

lar. The behaviour of CBS2CT appears somewhat anomalous and exhibits a higher value of the twist-

bend nematic–nematic transition temperature than expected, and this is attributed to the presence of

highly bent molecular conformations.

Introduction

The twist-bend nematic (NTB) phase continues to be the focus
of considerable research activity following its experimental
discovery in 2011, perhaps largely because it provides a rare
example of spontaneous chiral symmetry breaking in a system
composed of achiral molecules.1–4 The NTB phase was first
predicted in 1976 by Meyer5 and later independently by Dozov
in 2001.6 Dozov suggested that bent molecules have a strong
natural tendency to pack into bent structures, however, pure
uniform bend is not allowed in nature and thus must be
accompanied by other deformations in the local director, such
as splay or twist. These deformations give rise to the splay-bend
or twist-bend nematic phases.6 In the twist-bend nematic phase
the director forms a helix, and is tilted with respect to the
helical axis at a constant angle, see Fig. 1.7 The formation of

chirality is spontaneous and hence, equal numbers of left- and
right-handed helices would be expected.8 The pitch of the helix
in the NTB phase was found to be surprisingly short, of the
order of 10 nm, which corresponds to just 3 to 4 molecular
lengths.7,9

The NTB phase was first reported in the compound, 1,7-bis-4-
(40-cyanobiphenyl)heptane, commonly referred to as CB7CB.1

CB7CB is a liquid crystal dimer in which two cyanobiphenyl
mesogenic units are connected by a flexible spacer. The proper-
ties of a dimer are strongly dependent on the parity of the
spacer, and this is attributed to the role played by the spacer
in determining the molecular shape. Thus, if we consider
the spacer in an all-trans conformation then, for an even-
membered spacer, the mesogenic units are more or less paral-
lel, and the molecule is essentially linear. In contrast, for an
odd-membered spacer the two mesogenic units are inclined
with respect to each other and the molecule is bent. CB7CB is a
bent, odd-membered dimer and it quickly became apparent
that molecular bend is a prerequisite for the observation of the
NTB phase.6,10 This is wholly consistent with both the predic-
tions made by Dozov6 and those made using a Maier–Saupe
theory developed for V-shaped molecules.11 Within the frame-
work of this model, for bend angles less than 1301, the direct
twist-bend nematic to isotropic liquid transition is expected,
for angles between 1301 and 1501 the twist-bend nematic phase
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will be preceded by a nematic phase and for angles above 1501
the twist-bend nematic to nematic transition is predicted
only at very low temperatures.11 The overwhelming majority
of twist-bend nematogens may be described as odd-membered
symmetric12–21 or non-symmetric dimers,22–35 but other
molecular architectures also support the NTB phase including
trimers,15,27,36,37 tetramers,38 higher oligomers,39–42 bent-core
mesogens,43–45 hydrogen-bonded systems46–50 and chiral meso-
gens.22,48,51–53 Recently, an example of a dimer with an overall
even-membered spacer was shown to exhibit the NTB phase.54

Despite this large collection of twist-bend nematogens, direct
NTB–I transitions are still very rare either in pure materials or in
mixtures.16,21,55–59

The inclusion of sulfur in compounds designed to show
liquid crystalline behaviour is highly topical and not least
because it increases the optical birefringence due to its
high polarisability.60–63 Sulfur also tends to reduce the liquid
crystal transition temperatures although increases the melting
point.64–66 Highly birefringent mesogenic materials are of signi-
ficant interest because of potential applications in liquid crystal
displays,67,68 liquid crystal lenses,69–71 lasers,72,73 plasmonic
devices74 and holographic materials.75 Synthetically, there are
a wide range of options for incorporating sulfur into mesogenic
structures including terminal alkylthio chains,25,64,65,76–80 thio-
phene moieties,81–84 thiocyanate terminal groups,16,60,85,86 and
thioester linking groups.87–89 In terms of twist-bend nemato-
gens, and more specifically dimers and trimers, sulfur has most
often been included within the spacer.12,13,15,31,36,57,90 If we
consider the link between the mesogenic unit and the spacer
then replacing either an oxygen or carbon atom by sulfur

reduces the molecular bend angle because the C–S–C bond
angle, 100.51, is lower than either the C–C–C, 113.51, or C–O–C,
1191, bond angles.12 As we have seen, the formation of the NTB

phase is thought to be driven by molecular curvature, and the
expectation is that a more bent dimer may show direct NTB–I
transitions. Increasing molecular curvature, however, will decrease
the liquid crystal transition temperatures, and very monotropic
behaviour is a likely outcome. To offset this possibility, the
structural anisotropy of the mesogenic units can be increased.
Thus, here we describe the transitional properties of two new
series of sulfur-containing liquid crystalline dimers containing
cyanobiphenyl and cyanoterphenyl moieties. The cyanoterphe-
nyl moiety has an additional phenyl ring compared to cyano-
biphenyl, and this greater shape anisotropy will significantly
increase the transition temperatures. Studies of twist-bend
nematogens containing a cyanoterphenyl mesogenic unit are
limited12,32,91–94 due to the tendency of such compounds to
instead exhibit smectic phases.26,95 In the first series of com-
pounds, the 34-({o-[(40-cyano-[1,10-biphenyl]-4-yl)thio]alkyl}oxy)-
[11,21:24,31-terphenyl]-14-carbonitriles, Fig. 2, the focus was on
odd-membered spacers, and these ensured the prerequisite
molecular curvature for the observation of the NTB phase. For
comparative purposes, however, we also report the behaviour of
the even members with n = 4 and 6. This series is referred to
using the acronym CBSnOCT in which CB and CT refer to
cyanobiphenyl and cyanoterphenyl, respectively, n the number
of methylene units in the flexible spacer, and S and O to
thioether and ether linkages, respectively.

To further compare the effects of changing the nature of the
linking groups between the spacer and mesogenic units, and
hence the molecular shape, a second cyanoterphenyl-based series
was synthesised, the 34-{o-[(40-cyano-[1,10-biphenyl]-4-yl)thio]alkyl}-
[11,21:24,31-terphenyl]-14-carbonitriles, see Fig. 3. The acronym
used to refer to this series is CBSnCT, in which n now denotes the
number of methylene units in the spacer including the methylene
link to the cyanoterphenyl unit. Again, our focus has been on dimers

Fig. 2 The molecular structure of the CBSnOCT series.

Fig. 1 A schematic representation of the twist-bend nematic (NTB) phase
with z denoting the helical axis, and n, the local director.

Fig. 3 The molecular structure of the CBSnCT series.
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having an overall odd-membered spacer noting that now when n is
even and sulfur is included, an odd number of atoms connect the
two mesogenic units. For comparative purposes, we also report the
properties of an even-member of the series with n = 5.

Experimental
Synthesis

The synthesis of the CBSnOCT series (3) follows the steps
outlined in Scheme 1. 4-Bromo-4 0-hydroxybiphenyl was reacted
with the appropriate dibromoalkane in a Williamson ether
reaction96 to obtain 1 which was reacted with 4-bromothio-
phenol in a modified Williamson ether reaction to obtain 2.
Finally, 2 and 4-cyanophenylboronic acid were reacted in a
Suzuki–Miyaura cross-coupling reaction to form the desired
product 3. The synthesis of the CBSnCT (8) series followed the
steps outlined in Scheme 2. Thus, the appropriate bromoalkanoic
acid was converted to the corresponding acid chloride, used
immediately in a Friedel–Crafts acylation with 4-bromobiphenyl,
and the product subsequently underwent a hydrosilane reduction.
6 was reacted with 4-bromothiophenol in a modified Williamson
ether reaction and a subsequent Suzuki–Miyaura cross-coupling

reaction of 7 with 4-cyanophenylboronic acid was used to form the
desired product 8. A detailed description of the preparation of
these compounds, including the structural characterisation data
for all intermediates and final products, is provided in the ESI.†

Optical studies

Phase characterisation was performed by polarised light micro-
scopy, using an Olympus BH2 polarising light microscope
equipped with a Linkam TMS 92 hot stage.

Differential scanning calorimetry

The phase behaviour of the materials was studied by differential
scanning calorimetry performed using a Mettler Toledo DSC1 orScheme 1 Synthesis of the CBSnOCT series.

Scheme 2 Synthesis of the CBSnCT series.
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DSC3 differential scanning calorimeter equipped with TSO 801RO
sample robots and calibrated using indium and zinc standards.
Heating and cooling rates were 10 1C min�1, with a 3-min isotherm
between either heating or cooling, and all samples were measured
under a nitrogen atmosphere. Transition temperatures and asso-
ciated enthalpy changes were extracted from the heating traces
unless otherwise noted. For each sample, two aliquots were mea-
sured, and the data listed are the average of the two sets of data.

Molecular modelling

The geometric parameters of the reported compounds were
obtained using quantum mechanical DFT calculations with
Gaussian09 software.97 Optimisation of the structures was
carried out at the B3LYP/6-311G(d,p) level of theory. Visualisa-
tions of the space-filling models were produced post-opti-
misation using the QuteMol package.98

Conformational modelling

Conformational preferences of compounds CBS2CT and CBS6CT
were studied by generating 1000 conformers for each system
using the ETKDGv3 (Experimental-Torsion with Knowledge
Distance Geometry version 3) as implemented in RDkit.99–102

The geometry of each conformer was then optimized with the
MMFF (Merck molecular force field) method. After removing
duplicate entries through pruning, the bend-angle of each unique
conformer was calculated as the angle between the vectors
defined by the two nitrile C–N bonds. From the energy of each
conformer, the probability weighted bend-angle calculated at a
temperature of 298 K was obtained.

Birefringence measurements

Optical birefringence was measured with a setup based on a
photoelastic modulator (PEM-90, Hinds) working at a modula-
tion frequency f = 50 kHz; as a light source, a halogen lamp
(Hamamatsu LC8) was used equipped with narrow bandpass
filter (532 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 retardation was
recalculated into optical birefringence. Samples were prepared
in 1.8-mm-thick cells with planar anchoring. The alignment
quality was checked prior to measurement by inspection under
the polarised light optical microscope.

X-ray diffraction

2D X-ray diffraction patterns were obtained with the Bruker D8
GADDS system (micro-focus-type X-ray source with Cu anode, Goebel
mirror monochromator, 0.5 mm point beam collimator, VAN-
TEC2000 area detector), equipped with a modified Linkam heating
stage. Samples were prepared as droplets on a heated surface.

Results

The transitional properties of the CBSnOCT series are listed in
Table 1. The homologues with an odd-membered spacer
showed a conventional enantiotropic nematic phase, N, and a
monotropic twist-bend nematic phase, NTB. The nematic phase
was assigned by the observation of a characteristic schlieren
texture containing both two- and four-point brush defects when
sandwiched between two untreated glass slides, Fig. 4(a).
In addition, the values of the scaled entropy change associated
with the nematic–isotropic transition, DSNI/R, listed in Table 1
are consistent with this phase assignment. As the nematic
phase was cooled, the optical flickering associated with director
fluctuations ceased and a blocky schlieren texture formed along
with regions of focal conic textures coexisting with a polygonal
texture characteristic of the NTB phase, Fig. 4(b). The even
homologues showed exclusively a conventional enantiotropic
nematic phase that crystallized on cooling without the for-
mation of another liquid crystal phase. As would be expected,

Table 1 Transition temperatures and associated entropy changes for the
CBSnOCT series

n TCrN/1C TNTBN/1C TNI/1C DSCrN/R DSNTBN/R DSNI/R

3 168 100a 277 6.84 E0a 0.46
4 210 — 316 7.77 — 1.12
5 187 129a 271 7.95 E0a 0.48
6 207 — 296 9.41 — 1.37
7 147 130a 265 5.69 E0a 0.52
9 120 119a 245 7.16 E0a 0.60
11 128 115a 236 8.48 E0a 0.62

a Values extracted from DSC cooling traces.

Fig. 4 Textures observed for CBS7OCT; (a) schlieren texture of the nematic phase (T = 205 1C) and (b) focal conic regions with blocky schlieren texture
of the twist-bend nematic phase (T = 111 1C).
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the even members showed higher values of both TNI, and DSNI/
R compared to those of the odd members.

The transitional properties of the CBSnCT series are listed in
Table 2. All the homologues with an overall odd-membered
central spacer, i.e., an even value of n, exhibited the conven-
tional nematic phase, N, and the twist-bend nematic phase,
NTB. We reported the transition temperatures for CBS6CT
previously.12 These phase assignments were based on the
observation of characteristic optical textures and representative
examples are shown in Fig. 5, and these have been described
earlier. The values of DSNI/R listed in Table 2 are consistent with
this assignment. The NTB phase assignment for CBS6CT has
been confirmed previously using resonant soft X-ray scattering
(RSoXS).12 The values of DSNTBN/R listed in Table 2 for n = 2 and
4 are particularly small, and these are consistent with the small
associated values of TNTBN/TNI.

12 The dimer with an overall
even-membered spacer, CBS5CT, showed only a conventional
enantiotropic nematic phase, and again as would be expected,
the associated values of both TNI and DSNI/R are significantly
higher than those observed for the odd members.

The temperature dependence of the optical birefringence
was measured for the homologues of the CBSnCT series, with
n = 2, 4, 8 and 10 (Fig. 6 and Fig. S1, ESI†). Similar behaviour
was found for all the homologues, with the birefringence
in the nematic phase following a power law increase,

Dn ¼ Dn0
Tc � T

Tc

� �b

, below the Iso-N phase transition (Tc).

The parameter Dn0, which reflects the extrapolated birefrin-
gence of the perfectly ordered nematic phase, systematically
decreased with elongation of the spacer length, from 0.48 to
0.43 for CBS2CT and CBS10CT, respectively. The trend can be

ascribed to progressive dilution of the highly anisotropic
biphenyl and terphenyl cores with less anisotropic aliphatic
chains of increasing length. The critical exponent b was found
to be close to 0.2, and similar values were determined pre-
viously, e.g., for bent core nematogens.103 A chosen homologue
of the CBSnOCT series, namely CBS9OCT, was also measured as
a direct comparison with CBS10CT, both these dimers having
the same total length of the spacer, s = 11, Fig. 6. The similar
power law dependence of birefringence was found, however
with considerably higher value of Dn0 = 0.50. This can be
attributed to the greater linearity of the ether-linked dimer.
The relatively high birefringence of all the sulfur linked dimers
studied here is thought to be linked to the high polarizability
of the sulfur atom.104 On the approach to the NTB phase, the
measured birefringence departed from the critical, power law
dependence due to the formation of instantaneous, local
heliconical states.105

Both CBS9OCT and CBS10CT were also characterised using
conventional non-resonance X-ray diffraction (Fig. 6 and Fig. S2,

Table 2 Transition temperatures and associated entropy changes for the
CBSnCT series

n TCrN/1C TNTBN/1C TNI/1C DSCrN/R DSNTBN/R DSNI/R

2 165 149a 201 4.99 0.070a 0.089
4 169 153a 237 7.54 0.011a 0.20
5 225 — 297 8.12 — 1.29
6 131 145 239 5.57 E0 0.35
8 113 146 235 7.53 E0 0.46
10 101 138 224 4.33 E0 0.56

a Values extracted from DSC cooling traces.

Fig. 5 Textures observed for CBS6CT: (a) schlieren texture of the nematic phase (T = 157 1C) and (b) rope-like textures coexisting with a polygonal
texture of the twist-bend nematic phase (T = 95 1C).

Fig. 6 Temperature dependence of the optical birefringence for
CBS9OCT (orange circles) and CBS10CT (blue squares) measured with
green light (l = 532 nm) on cooling. Black lines show fitted power-law
dependencies. Inset: 2D X-ray diffraction patterns for CBS9OCT in the:
(right) N phase (T = 150 1C) and (left) NTB phase (T = 100 1C).

PCCP Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

6 
Fe

br
ua

ry
 2

02
5.

 D
ow

nl
oa

de
d 

on
 3

/1
0/

20
25

 1
0:

51
:0

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online



Phys. Chem. Chem. Phys. This journal is © the Owner Societies 2025

S3, ESI†). For both compounds, only diffuse X-ray diffraction
signals were detected in the low and wide-angle regions of the N
phase, indicative of a lack of long-range positional ordering of
the molecules. From the analysis of the signal width a correla-
tion length for molecular positions was estimated to be B10 Å
and B5 Å, along and perpendicular to the director, respectively,

indicating local positional order extending only to the nearest
neighbours. There was no qualitative change in the signal
positions, nor widths, upon entering the NTB phase, the corre-
lation length along director increased slightly to B15 Å. The
local periodicities in the N and NTB phases, for both CBS9OCT
and CBS10CT compounds, deduced from the peak measured in
the low-angle region corresponded to about half the molecular
length, l, suggesting an intercalated packing arrangement of
the molecules. This matches our previous reporting on similar
sulfur dimers12 and a schematic showing how this packing
arrangement would fit into the NTB helix is shown in Fig. 7.

Discussion

The dependence of the nematic–isotropic, TNI, and twist-bend
nematic–nematic, TNTBN, transition temperatures on the total
spacer length, s, for the odd-membered dimers of the CBSnOCT
and CBSnCT series are compared in Fig. 8. The CBSnOCT series
shows higher values of TNI than the corresponding members of
the CBSnCT series and this may be accounted for in terms of
their molecular shapes, see Fig. 9. Using the trapezium method
that we have reported previously,21 the bend angle of CBS6CT is
estimated to be 124.71, some 141 smaller than that of CBS5OCT.
The smaller bend angle seen for the CBSnCT dimers may be attri-
buted to the difference in bond angles associated with the methy-
lene and ether linkages as described earlier. This trend in TNI is
wholly consistent with the work of Ferrarini et al.106 who used a
molecular field theory to estimate the values of TNI in dimers by
exclusively varying the magnitude of the bond angle between the
spacer and the mesogenic units. The difference in the values of TNI

between corresponding members of the two series decreases on
increasing s and this is associated with the greater number of
conformations available to the spacer which reduces the difference
in their shapes. The greater structural anisotropy of the CBSnOCT

Fig. 7 Schematic showing the intercalated packing arrangement in the
NTB phase.

Fig. 8 Dependence of transition temperatures on the total spacer length, s, for the CBSnOCT (purple diamonds) CBSnCT (blue circles), CBSnOCB
(green triangles) and CBSnCB (orange squares and red cross) series, where s is the total number of atoms linking the cyanobiphenyl and cyanoterphenyl
units, i.e. s = n + 2 for the CBSnOCT and CBSnOCB series and s = n + 1 for the CBSnCT and CBSnCB series. The filled symbols denote TNI and the open
symbols TNTBN and the cross denoting TNTBI.
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dimers is also manifested in higher values of DSNI/R than seen for
the corresponding members of the CBSnCT series. As we noted
earlier, the dimers with overall even-membered spacers show
higher values of both TNI and DSNI/R than those of the adjacent
odd members in both series, and this is a consequence of the more
linear nature of the even-membered dimers.

In contrast to the behaviour seen for TNI, the values of
TNTBN shown by the odd members of the CBSnCT series are
higher than those of the corresponding members of the
CBSnOCT series. This reflects the more bent shape of the
former dimers, and that the N–NTB phase transition is pre-
dominantly shape driven but also that both series have a

Fig. 9 Space-filling models comparing the molecular shapes of (a) CBS6CT, (b) CBS5OCT and (c) CBS5OCB.

Fig. 10 Histogram plots of the probability of a given bend angle for (top) CBS2CT and (bottom) CBS6CT.
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similar degree of biaxiality endowed by the sulfur in the
spacer.

Also shown in Fig. 8 are the values of TNI, TNTBN and TNTBI

for the corresponding cyanobiphenyl-based CBSnOCB12,13 and
CBSnCB31,57 series. As would be expected, the values of TNI are
considerably higher for the dimers containing a cyanoterphenyl
fragment. This may be attributed to the enhanced interaction
strength parameter associated with the cyanoterphenyl frag-
ment, i.e., the strength of the intermolecular interactions
such as London dispersion forces which exist between the
mesogenic units is increased with the additional aromatic ring
compared to a cyanobiphenyl fragment due to the more aniso-
tropic p-conjugated moiety present, and the increase in mole-
cular shape anisotropy. The differences in TNI between these
series are similar in magnitude to those reported previously on
replacing a biphenyl with a terphenyl fragment.26,95 The values
of TNTBN are also higher for the dimers containing cyanoter-
phenyl although the differences are not so large. Presumably this
reflects that the shapes of these molecules are rather similar, see
Fig. 8, and this is predominantly a shape-driven transition, but, as
noted earlier, the interaction strength parameter associated with
the cyanoterphenyl is larger than that of the cyanobiphenyl moiety
and this will increase TNTBN. This smaller difference may be some-
what surprising considering that the enhancement in the inter-
molecular interactions should be consistent for both transitions
suggesting that it is the driving forces of these phases causing the
difference in the transition temperatures. Namely, that the transi-
tion temperature for the conventional nematic phase is increased
when the molecule has a greater degree of linearity whereas for the
NTB phase molecular bend is the driving force and so a more bent
molecular structure is preferred and this effect was similarly
described by Shimoura et al. with regards to the CBnCT series.94

The increase in TNTBN, as seen for the members of the CBSnCT
series, does allow CBS6CT, CBS8CT and CBS10CT to all exhibit
enantiotropic NTB–N phase transitions. This is despite the presence
of a sulfur atom which normally leads to more monotropic phase
behaviour, further highlighting the effect of the cyanoterphenyl
moiety on the transition temperatures.

An apparent exception to this general behaviour is the values
of TNTBN shown by CBS2CT and CBS4CT that appear higher
than would be expected. This is particularly true for CBS2CT
and suggests that its molecular shape may differ from those
having longer spacers. We investigated this possibility by
calculating the probabilities of differing bend angles for these
dimers using a conformational GUI tool developed by Mandle
et al.35 The histogram plots for CBS2CT and CB6SCT are shown
in Fig. 10. CBS6CT shows a monomodal bend angle distribu-
tion with a most common value of around 1101, as would be
expected for an odd-parity dimer. By comparison, CBS2CT
shows a bimodal distribution with a significant fraction
of highly bent, hairpin-like conformations. These extremely
bent conformations have been discussed previously107,108 and
presumably contribute to the higher values of TNTBN than would
otherwise be expected. Their presence is also consistent with
the optical birefringence of the CBS2CT being higher than that
of the longer homologues but as was discussed earlier this may

also be attributed to the progressive dilution of the highly
anisotropic biphenyl and terphenyl cores with less anisotropic
aliphatic chains of increasing length. The large increase in TNI

on passing from CBS2CT to CBS4CT presumably also reflects
these bent conformations exhibited by the former that would
serve to reduce TNI. On increasing the spacer length these
conformations are no longer observed, see Fig. 10.

Conclusions

The introduction of a cyanoterphenyl fragment in place of a
cyanobiphenyl unit in the CBSnCB and CBSnOCB series, to give
the CBSnCT and CBSnOCT series, respectively, increased
the values of both TNI and TNTBN. The values of TNI for the
cyanoterphenyl-based odd-membered dimers increased by over
100 K compared to those of the corresponding cyanobiphenyl-
based dimers, whereas the values of TNTBN increase much more
modestly. However, this does allow CBS6CT, CBS8CT and
CBS10CT to all exhibit enantiotropic NTB–N phase transitions.
This reflects that the shapes of the dimers are rather similar
and the increase in TNI may be attributed to the higher strength
interaction parameter associated with cyanoterphenyl. An
exception to this general behaviour is CBS2CT for which the
value of TNI appears lower whereas that of TNTBN appears higher
than expected. This is attributed to presence of highly bent
conformations that promote the formation of the NTB phase.
While the transition temperatures of these dimers are still too
high to be used for applications on their own, the very high
birefringence values observed does give them a greater degree
of potential if used in mixtures, for example, in the electrically
controlled selective reflection of light, electrically tunable lasers
and in beam steering applications.109–111
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Experimental Procedures

Synthesis 

Reagents 

All reagents and solvents that were available commercially were purchased from Sigma Aldrich, Fisher 

Scientific or Fluorochem and were used without further purification unless otherwise stated. 

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 which were purchased from 

Merck KGaA. The spots on the plate were visualised by UV light (254 nm) or by oxidation using either 

a potassium permanganate stain or iodine dip. 

Column Chromatography 

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

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

Structure Characterisation 

All final products and intermediates that were synthesised were characterised using 1H NMR, 13C NMR 

and infrared spectroscopies. The NMR spectra were recorded on a 400 MHz Bruker Avance III HD 

NMR spectrometer. The infrared spectra were recorded on a Perkin Elmer Spectrum Two FTIR 

spectrometer with an ATR diamond cell.

Purity Analysis 

In order to determine the purity of the final products, high-resolution mass spectrometry was carried 

out using a Waters XEVO G2 QTof mass spectrometer by Dr. Morag Douglas at the University of 

Aberdeen.



Scheme 1. Synthesis of the CBSnOCT series.

The synthesis of the CBSnOCT series follows the steps outlined in Scheme 1. The CBSnOCT series 

(3) was synthesised using a Williamson ether reaction12 followed by a modified Williamson ether 

reaction10 and subsequently by a Suzuki-Miyaura cross-coupling reaction2 to form the desired product.
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1 4-Bromo-4'-[(ω-bromoalkyl)oxy]-1,1'-biphenyls
To a pre-dried flask, flushed with argon and fitted with a condenser, 4’-bromo-(1,1’-biphenyl)-4-ol (1 

eq) and potassium carbonate (2 eq) were added. Acetone (50 mL) was added along with the appropriate 

1,ω-dibromoalkane (6 eq) and stirred. The reaction mixture was refluxed overnight, and the extent of 

the reaction monitored by TLC using dichloromethane as the solvent system (RF values quoted in the 

product data). The quantities of the reagents used in each reaction are listed in Table S1. The reaction 

mixture was cooled to room temperature, filtered and the residue washed with acetone (100 mL). The 

filtrate was concentrated under vacuum to give a yellow solution which was added to 40:60 petroleum 

ether (100 mL). The resulting white precipitate was collected and recrystallised from hot ethanol (200 

mL).

Table S1. Quantities of reagents used in the syntheses of 4-bromo-4'-[(ω-bromoalkyl)oxy]-1,1'-

biphenyls (1).

n 1,ω-Dibromoalkane 4-Bromo-(1,1-biphenyl)-4-ol Potassium carbonate

3 4.9 mL, 9.73 g, 4.82×10-2 mol 2.00 g, 8.03×10-3 mol 2.20 g, 1.61×10-2 mol

4 5.8 mL, 10.4 g, 4.82×10-2 mol 2.00 g, 8.03×10-3 mol 2.20 g, 1.61×10-2 mol

5 6.6 mL, 11.1 g, 4.82×10-2 mol 2.00 g, 8.03×10-3 mol 2.20 g, 1.61×10-2 mol

6 7.4 mL, 11.8 g, 4.82×10-2 mol 2.00 g, 8.03×10-3 mol 2.20 g, 1.61×10-2 mol

7 6.0 mL, 9.0 g, 3.49×10-2 mol 1.45 g, 5.82×10-3 mol 1.61 g, 1.16×10-2 mol

9 5.3 mL, 7.5 g, 2.62×10-2 mol 1.09 g, 4.37×10-3 mol 1.21 g, 8.74×10-3 mol

11 5.6 mL, 7.5 g, 2.39×10-2 mol 0.99 g, 3.98×10-3 mol 1.10 g, 7.96×10-3 mol

1.1 4-Bromo-4'-[(3-bromopropyl)oxy]-1,1'-biphenyl
Yield: 2.06 g, 69.3 %. RF: 0.74. MP: 117 °C

vmax/cm-1: 1604, 1516, 1479, 1389, 1281, 1240, 1196, 1176, 1059, 1028, 998, 919, 844, 811, 723, 616, 

550, 511

δH/ppm (400 MHz, CDCl3): 7.53 (2 H, d, J 8.2 Hz, Ar-H), 7.49 (2 H, d, J 8.4 Hz, Ar-H), 7.41 (2 H, d, 

J 8.2 Hz, Ar-H), 6.98 (2 H, d, J 8.4 Hz, Ar-H), 4.15 (2 H, t, J 5.8 Hz, O-CH2-CH2-), 3.63 (2 H, t, 

J 6.3 Hz, Br-CH2-CH2-), 2.35 (2 H, tt, J 5.8 Hz, 6.3 Hz, O-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.52, 139.68, 132.77, 131.81, 128.31, 128.03, 120.85, 115.15, 114.93, 

65.41, 32.35, 29.98

2.2 4-Bromo-4'-[(4-bromobutyl)oxy]-1,1'-biphenyl
Yield: 1.71 g, 55.4 %. RF: 0.75. MP: 118 °C



vmax/cm-1: 2948, 2870, 1604, 1514, 1480, 1392, 1279, 1242, 1172, 1045, 1029, 1008, 998, 843, 815, 

735, 653, 617, 546, 518, 492, 440

δH/ppm (400 MHz, CDCl3): 7.53 (2 H, d, J 8.3 Hz, Ar-H), 7.47 (2 H, d, J 8.5 Hz, Ar-H), 7.40 (2 H, d, 

J 8.3 Hz, Ar-H), 6.95 (2 H, d, J 8.5 Hz, Ar-H), 4.04 (2 H, t, J 5.9 Hz, O-CH2-CH2-), 3.50 (2 H, t, 

J 6.7 Hz, Br-CH2-CH2-), 2.08 (2 H, tt, J 6.7 Hz, 5.9 Hz, O-CH2-CH2-CH2-) 1.97 (2 H, quin, J 6.7 Hz, 

Br-CH2-CH2-CH2-), 

δC/ppm (100 MHz, CDCl3): 158.69, 139.71, 132.56, 131.79, 128.29, 128.00, 120.81, 114.86, 66.96, 

33.43, 29.47, 27.91

1.3 4-Bromo-4'-[(5-bromopentyl)oxy]-1,1'-biphenyl
Yield: 2.06 g, 69.3 %. RF: 0.80. MP: 114 °C

vmax/cm-1: 2938, 2867, 1604, 1580, 1519, 1480, 1392, 1288, 1245, 1202, 1198, 1094, 1070, 1040, 997, 

820, 804, 731, 649, 617, 501, 479

δH/ppm (400 MHz, CDCl3): 7.53 (2 H, d, J 8.2 Hz, Ar-H), 7.47 (2 H, d, J 8.5 Hz, Ar-H), 7.41 (2 H, d, 

J 8.2 Hz, Ar-H), 6.96 (2 H, d, J 8.5 Hz, Ar-H), 4.01 (2 H, t, J 6.2 Hz, O-CH2-CH2-), 3.45 (2 H, t, 

J 6.8 Hz, Br-CH2-CH2-),1.96 (2 H, tt, J 6.2 Hz, 6.8 Hz, O-CH2-CH2-CH2-), 1.84 (2 H, quin, J 6.8 Hz, 

Br-CH2-CH2-CH2-), 1.65 (2 H, quin, J 6.8 Hz, O-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.81, 139.75, 132.44, 131.78, 128.28, 127.98, 120.77, 114.88, 67.69, 

33.60, 32.49, 28.45, 24.86

1.4 4-Bromo-4'-[(6-bromohexyl)oxy]-1,1'-biphenyl
Yield: 2.10 g, 63.4 %. RF: 0.81. MP: 110 °C

vmax/cm-1: 2937, 2862, 1604, 1580, 1521, 1472, 1392, 1285, 1247, 1198, 1177, 1081. 1031, 995, 809, 

734, 647, 496

δH/ppm (400 MHz, CDCl3): 7.52 (2 H, d, J 8.3 Hz, Ar-H), 7.47 (2 H, d, J 8.5 Hz, Ar-H), 7.41 (2 H, d, 

J 8.3 Hz, Ar-H), 6.95 (2 H, d, J 8.5 Hz, Ar-H), 4.00 (2 H, t, J 6.4 Hz, O-CH2-CH2-), 3.41 (2 H, t, J 6.8, 

Br-CH2-CH2-), 1.91 (2 H, tt, J 7.2 Hz, 6.4 Hz, O-CH2-CH2-CH2-),1.81 (2 H, quin, J 6.8 Hz, Br-CH2-

CH2-CH2-), 1.43 (4 H, m, O-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.89, 139.77, 132.37, 131.78, 128.28, 127.96, 120.75, 114.88, 67.84, 

33.80, 32.69, 29.10, 27.94, 25.32



1.5 4-Bromo-4'-[(7-bromoheptyl)oxy]-1,1'-biphenyl
Yield: 1.29 g, 52.0 %. RF: 0.83. MP: 84 °C

vmax/cm-1: 2935, 2854, 1604, 1518, 1482, 1391, 1287, 1243, 1190. 1172, 1073, 1031, 998, 819, 806, 

730, 639, 548, 498

δH/ppm (400 MHz, CDCl3): 7.52 (2 H, d, J 8.1 Hz, Ar-H), 7.47 (2 H, d, J 8.3 Hz, Ar-H), 7.41 (2 H, d, 

J 8.1 Hz, Ar-H), 6.96 (2 H, d, J 8.3 Hz, Ar-H), 3.99 (2 H, t, J 6.5 Hz, O-CH2-CH2-), 3.42 (2 H, t, 

J 6.9 Hz, Br-CH2-CH2-), 1.89 (2 H, tt, J 7.0 Hz, 6.5 Hz, O-CH2-CH2-CH2-), 1.81 (2 H, quin, J 6.9 Hz, 

Br-CH2-CH2-CH2-), 1.47 (6 H, m, O-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.93, 139.78, 132.31, 131.77, 128.27, 127.95, 120.73, 114.88, 67.96, 

33.93, 32.72, 29.16, 28.53, 28.09, 25.91

1.6 4-Bromo-4'-[(9-bromononyl)oxy]-1,1'-biphenyl
Yield: 1.32 g, 66.5 %. RF: 0.78. MP: 98 °C

vmax/cm-1: 2929, 2856, 1604, 1515, 1472, 1391, 1285, 1242, 1197, 1174, 1078, 1011, 999, 810, 734, 

641, 550, 495

δH/ppm (400 MHz, CDCl3): 7.53 (2 H, d, J 8.4 Hz, Ar-H), 7.47 (2 H, d, J 8.3 Hz, Ar-H), 7.41 (2 H, d, 

J 8.4 Hz, Ar-H), 6.96 (2 H, d, J 8.3 Hz, Ar-H), 3.99 (2 H, t, J 6.5 Hz, O-CH2-CH2-), 3.41 (2 H, t, 

J 6.9 Hz, Br-CH2-CH2-), 1.83 (4 H, m, O-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-), 1.43 (10 H, 

m, O-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.97, 139.80, 132.27, 131.77, 128.27, 127.94, 120.72, 114.89, 68.07, 

34.03, 32.81, 29.36, 29.27, 29.25, 28.70, 28.15, 26.02

1.7 4-Bromo-4'-[(11-bromoundecyl)oxy]-1,1'-biphenyl
Yield: 1.15 g, 60.0 %. RF: 0.85. MP: 70 °C

vmax/cm-1: 2918, 2849, 1607, 1518, 1466, 1391, 1286, 1249, 1188, 1174, 1074, 1033, 997, 808, 722, 

636, 547, 504, 472

δH/ppm (400 MHz, CDCl3): 7.52 (2 H, d, J 8.1 Hz, Ar-H), 7.47 (2 H, d, J 8.3, Ar-H), 7.41 (2 H, d, 

J 8.1 Hz, Ar-H), 6.96 (2 H, d, J 8.3 Hz, Ar-H), 3.99 (2 H, t, J 6.5, O-CH2-CH2-), 3.41 (2 H, t, J 6.9, Br-

CH2-CH2-), 1.83 (4 H, m, O-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-), 1.39 (14 H, m, 

O-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)



δC/ppm (100 MHz, CDCl3): 158.99, 139.80, 132.25, 131.77, 128.27, 127.93, 120.71, 114.90, 68.11, 

34.07, 32.84, 29.52, 29.47, 29.42, 29.37, 29.27, 28.77, 28.18, 26.05

2 4-Bromo-4'-({ω-[(4-bromophenyl)thio]alkyl}oxy)-1,1'-biphenyls
To a pre-dried flask flushed with argon, 4-bromothiophenol (1.1 eq) was added. Sodium hydroxide 

(1.32 eq) dissolved in ethanol (20 mL), sonicated to ensure all the solid was in solution, was added and 

the mixture was stirred for 2 h at room temperature. Compound 1 (1 eq) in tetrahydrofuran (5 mL) was 

added and the reaction mixture was stirred at room temperature for 24 h. The quantities of the reagents 

used in each reaction are listed in Table S2. The extent of the reaction was monitored by TLC using 

dichloromethane as the solvent system (RF values quoted in the product data). The resulting white 

precipitate was collected and recrystallised from hot ethanol (100 mL). 

Table S2. Quantities of reagents used in the syntheses of 4-Bromo-4'-({ω-[(4-

bromophenyl)thio]alkyl}oxy)-1,1'-biphenyls (2).

n (1) 4-Bromothiophenol Sodium hydroxide 

3 1.00 g, 2.70×10-3 mol 0.562 g, 2.97×10-3 mol 0.142 g, 3.56×10-3 mol

4 2.50 g, 6.52×10-3 mol 1.36 g, 7.17×10-3 mol 0.344 g, 8.61×10-3 mol

5 1.50 g, 3.77×10-3 mol 0.783 g, 4.14×10-3 mol 0.199 g, 4.97×10-3 mol

6 1.50 g, 3.64×10-3 mol 0.756 g, 4.00×10-3 mol 0.192 g, 4.80×10-3 mol

7 1.00 g, 2.35×10-3 mol 0.488 g, 2.58×10-3 mol 0.124 g, 3.10×10-3 mol

9 1.00 g, 2.20×10-3 mol 0.458 g, 2.42×10-3 mol 0.116 g, 2.91×10-3 mol

11 2.00 g, 4.15×10-3 mol 0.862 g, 4.56×10-3 mol 0.219 g, 5.48×10-3 mol 

2.1 4-Bromo-4'-({3-[(4-bromophenyl)thio]propyl}oxy)-1,1'-biphenyl 
Yield: 0.815 g, 63.1 %. RF: 0.75. MP: 112 °C

vmax/cm-1: 2964, 1603, 1580, 1521, 1481, 1472, 1391, 1286, 1249, 1201, 1177, 1091, 1035, 997, 816, 

806, 729, 478 

δH/ppm (400 MHz, CDCl3): 7.53 (2 H, d, J 8.3 Hz, Ar-H), 7.47 (2 H, d, J 8.5 Hz, Ar-H), 7.40 (4 H, m, 

Ar-H), 7.22 (2 H, d, J 8.5 Hz, Ar-H), 6.94 (2 H, d, J 8.5 Hz, Ar-H), 4.10 (2 H, t, J 5.9 Hz, O-CH2-CH2-), 

3.12 (2 H, t, J 7.0 Hz, S-CH2-CH2-), 2.12 (2 H, tt, J 7.0 Hz, 5.9 Hz, S-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.54, 139.69, 135.43, 132.68, 131.98, 131.80, 130.72, 128.31, 128.00, 

120.83, 119.84, 114.88, 65.93, 30.29, 28.83



2.2 4-Bromo-4'-({4-[(4-bromophenyl)thio]butyl}oxy)-1,1'-biphenyl 
Yield: 1.90 g, 59.2 %. RF: 0.80. MP: 142 °C

vmax/cm-1: 2948, 1606, 1517, 1480, 1470, 1397, 1284, 1243, 1198, 1089, 1041, 1006, 805, 724, 501, 479

δH/ppm (400 MHz, CDCl3): 7.55 (2 H, d, J 8.5 Hz, Ar-H), 7.50 (2 H, d, J 8.8 Hz, Ar-H), 7.42 (4 H, m, 

Ar-H), 7.22 (2 H, d, J 8.7 Hz, Ar-H), 6.96 (2 H, d, J 8.8 Hz, Ar-H), 4.12 (2 H, t, J 6.0 Hz, O-CH2-CH2-), 

3.01 (2 H, t, J 7.1 Hz, S-CH2-CH2-), 1.97 (2 H, quin, J 6.0 Hz, O-CH2-CH2-CH2-), 1.87 (2 H, tt, 

J 7.1 Hz, 6.0 Hz, S-CH2-CH2-CH2-), 

δC/ppm (100 MHz, CDCl3): 158.70, 139.71, 135.73, 132.52, 131.92, 131.79, 130.71, 128.28, 127.98, 

120.79, 119.71, 114.86, 67.29, 33.48, 28.23, 25.68

2.3 4-Bromo-4'-({5-[(4-bromophenyl)thio]pentyl}oxy)-1,1'-biphenyl 
Yield: 0.985 g, 51.6 %. RF: 0.75. MP: 99 °C

vmax/cm-1: 2942, 2859, 1603, 1579, 1521, 1470, 1391, 1286, 1248, 1198, 1178, 1094, 1071, 1005, 997, 

808, 732, 498, 477

δH/ppm (400 MHz, CDCl3): 7.52 (2 H, d, J 8.3 Hz, Ar-H), 7.47 (2 H, d, J 8.6 Hz, Ar-H), 7.39 (4 H, m, 

Ar-H), 7.18 (2 H, d, J 8.6 Hz, Ar-H), 6.94 (2 H, d, J 8.6 Hz, Ar-H), 3.99 (2 H, t, J 6.3 Hz, O-CH2-CH2-), 

2.93 (2 H, t, J 7.3, S-CH2-CH2-), 1.82 (2 H, tt, J 6.9 Hz, 6.3 Hz, O-CH2-CH2-CH2-), 1.73 (2 H, quin, 

J 7.3 Hz, S-CH2-CH2-CH2-), 1.63 (2 H, m, S-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.83, 139.75, 135.96, 132.42, 131.89, 131.78, 130.59, 128.28, 127.97, 

120.77, 119.59, 114.88, 67.71, 33.64, 28.79, 28.73, 25.30

2.4 4-Bromo-4'-({6-[(4-bromophenyl)thio]hexyl}oxy)-1,1'-biphenyl 
Yield: 0.350 g, 18.5 %. RF: 0.80. MP: 120 °C

vmax/cm-1: 2937, 2859, 1606, 1581, 1523, 1482, 1391, 1286, 1252, 1198, 1178, 1090, 1031, 997, 809, 

733, 484

δH/ppm (400 MHz, CDCl3): ): 7.52 (2 H, d, J 8.1 Hz, Ar-H), 7.47 (2 H, d, J 8.3 Hz, Ar-H), 7.40 (4 H, 

m, Ar-H), 7.18 (2 H, d, J 8.4 Hz, Ar-H), 6.94 (2 H, d, J 8.3 Hz, Ar-H), 3.98 (2 H, t, J 6.5 Hz, O-CH2-

CH2-), 2.91 (2 H, t, J 7.2 Hz, S-CH2-CH2-), 1.80 (2 H, tt, J 7.1 Hz, 6.5 Hz, O-CH2-CH2-CH2-), 1.68 

(2 H, quin, J 7.2 Hz, S-CH2-CH2-CH2-), 1.63 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.89, 139.76, 136.11, 132.35, 131.87, 131.77, 130.44, 128.27, 127.95, 

120.74, 119.48, 114.87, 67.86, 33.61, 29.12, 28.92, 28.49, 25.66



2.5 4-Bromo-4'-({7-[(4-bromophenyl)thio]heptyl}oxy)-1,1'-biphenyl 
Yield: 0.887 g, 70.6 %. RF: 0.78. MP: 94 °C

vmax/cm-1: 2829, 2852, 1603, 1579, 1521, 1482, 1470, 1389, 1288, 1250, 1199, 1178, 1094, 1069, 996, 

808, 733, 479

δH/ppm (400 MHz, CDCl3): 7.53 (2 H, d, J 8.1 Hz, Ar-H), 7.47 (2 H, d, J 8.5 Hz, Ar-H), 7.40 (4 H, m, 

Ar-H), 7.18 (2 H, d, J 8.4 Hz, Ar-H), 6.96 (2 H, d, J 8.5 Hz, Ar-H), 4.00 (2 H, t, J 6.4, O-CH2-CH2-), 

2.90 (2 H, t, J 7.3 Hz, S-CH2-CH2-), 1.81 (2 H, tt, J 7.0 Hz, 6.4 Hz, O-CH2-CH2-CH2-), 1.66 (2 H, quin, 

J 7.3 Hz, S-CH2-CH2-CH2-), 1.46 (6 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.93, 139.78, 136.20, 132.31, 131.85, 131.78, 130.39, 128.27, 127.95, 

120.74, 119.42, 114.88, 67.97, 33.65, 29.17, 28.91, 28.88, 28.67, 25.93

2.6 4-Bromo-4'-({9-[(4-bromophenyl)thio]nonyl}oxy)-1,1'-biphenyl 
Yield: 0.941 g, 76.1 %. RF: 0.78. MP: 90 °C

vmax/cm-1: 2922, 2850, 1605, 1580, 1483, 1469, 1389, 1288, 1252, 1200, 1178, 1094, 1070, 1005, 997, 

808, 727, 497, 479

δH/ppm (400 MHz, CDCl3): 7.52 (2 H, d, J 8.1 Hz, Ar-H), 7.47 (2 H, d, J 7.9 Hz, Ar-H), 7.40 (4 H, m, 

Ar-H), 7.22 (2 H, d, J 8.4 Hz, Ar-H), 6.94 (2 H, d, J 7.9 Hz, Ar-H), 3.99 (2 H, t, J 6.4 Hz, O-CH2-CH2-), 

2.89 (2 H, t, J 7.2 Hz, S-CH2-CH2-), 1.79 (2 H, tt, J 6.9 Hz, 6.4 Hz, O-CH2-CH2-CH2-), 1.62 (2 H, quin, 

J 7.2 Hz, S-CH2-CH2-CH2-), 1.37 (10 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.97, 139.79, 136.28, 132.27, 131.83, 131.77, 130.35, 128.27, 127.94, 

120.72, 119.37, 114.89, 68.07, 33.66, 29.39, 29.28, 29.25, 29.06, 28.97, 28.75, 26.02

2.7 4-Bromo-4'-({11-[(4-bromophenyl)thio]undecyl}oxy)-1,1'-biphenyl 
Yield: 0.808 g, 33.0 %. RF: 0.78. MP: 82 °C

vmax/cm-1: 2937, 2917, 2847, 1606, 1483, 1471, 1392, 1287, 1253, 1199, 1178, 1093, 1083, 1031, 998, 

811, 798, 734, 719, 480

δH/ppm (400 MHz, CDCl3): 7.53 (2 H, d, J 8.1 Hz, Ar-H), 7.47 (2 H, d, J 8.2 Hz, Ar-H), 7.40 (4 H, m, 

Ar-H), 7.17 (2 H, d, J 8.0 Hz, Ar-H), 6.96 (2 H, d, J 8.2 Hz, Ar-H), 3.99 (2 H, t, J 6.5 Hz, O-CH2-CH2), 

2.89 (2 H, t, J 7.4 Hz, S-CH2-CH2), 1.80 (2 H, tt, J 6.9 Hz, 6.5 Hz, O-CH2-CH2-CH2-), 1.63 (2 H, quin, 

J 7.4, S-CH2-CH2-CH2-), 1.30 (14 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)



δC/ppm (100 MHz, CDCl3): 158.99, 139.80, 136.31, 132.25, 131.83, 131.77, 130.33, 128.27, 127.93, 

120.72, 119.35, 114.89, 68.11, 33.66, 29.53, 29.48, 29.45, 29.37, 29.27, 29.13, 28.99, 28.78, 26.05

3 34-({ω-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]alkyl}oxy)-[11,21:24,31-terphenyl]-14-

carbonitriles (CBSnOCT)
To a pre-dried flask flushed with argon and fitted with a condenser, compound 2 (1 eq), 

4-cyanophenylboronic acid (2.5 eq) and tetrakis(triphenylphosphine)palladium(0) (0.05 eq) were 

added. A mixture of an aqueous solution of sodium carbonate (2 M, 5 mL), ethanol (2.5 mL) and toluene 

(20 mL) were added, and the reaction mixture was heated to 85 °C for 24 h with stirring. The quantities 

of the reagents used in each reaction are listed in Table S3. The reaction mixture was cooled to room 

temperature, before 32 % hydrochloric acid (5 mL) was added dropwise until effervescence was no 

longer observed. The resulting mixture was filtered to remove the palladium catalyst, and the solvents 

were removed under vacuum. Water (100 mL) and dichloromethane (100 mL) were added to the solid 

obtained. The organic layer was washed with water (2 × 50 mL), dried over anhydrous magnesium 

sulfate and the solvent removed under vacuum to give a brown solid. The product was purified using a 

silica gel column with the eluent being 20 % 40:60 petroleum ether and 80 % dichloromethane (RF 

values quoted in product data). The eluent fractions of interest were evaporated under vacuum to leave 

a white solid which was recrystallised from hot toluene (50 mL). 

Table S3. Quantities of reagents used in the syntheses of 34-({ω-[(4'-cyano-[1,1’-biphenyl]-4-

yl)thio]alkyl}oxy)-[11,21:24,31-terphenyl]-14-carbonitriles (3).

n (2) 4-Cyanophenylboronic acid Tetrakis(triphenylphosphine) 

palladium(0)

3 0.750 g, 1.57×10-3 mol 0.576 g, 3.92×10-3 mol 0.091 g, 7.85×10-5 mol

4 1.75 g, 3.55×10-3 mol 1.30 g, 8.88×10-3 mol 0.205 g, 1.78×10-4 mol

5 0.900 g, 1.78×10-3 mol 0.654 g, 4.45×10-3 mol 0.103 g, 8.90×10-5 mol

6 0.300 g, 5.77×10-4 mol 0.212 g, 1.44×10-3 mol 0.033 g, 2.89×10-5 mol

7 0.600 g, 1.12×10-3 mol 0.412 g, 2.81×10-3 mol 0.065 g, 5.60×10-5 mol

9 0.850 g, 1.51×10-3 mol 0.555 g, 3.78×10-3 mol 0.087 g, 7.55×10-5 mol

11 0.400 g, 6.77×10-4 mol 0.249 g, 1.69×10-3 mol 0.039 g, 3.39×10-5 mol

3.1 34-({3-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]propyl}oxy)-[11,21:24,31-

terphenyl]-14-carbonitrile (CBS3OCT)



Yield: 0.270 g, 32.9 %. RF: 0.27

TCrN 166 °C TNTBN (100 °C) TNI 277 °C

vmax/cm-1: 2941, 2227, 1608, 1486, 1466, 1394, 1285, 1250, 1180, 1096, 1030, 1001, 808, 558, 518

δH/ppm (400 MHz, CDCl3): 7.67 (12 H, m, Ar-H), 7.56 (2 H, d, J 8.3 Hz, Ar-H), 7.49 (2 H, d, J 8.2 Hz, 

Ar-H), 7.44 (2 H, d, J 8.2 Hz, Ar-H), 6.98 (2 H, d, J 8.3 Hz, Ar-H), 4.15 (2 H, t, J 5.9 Hz, O-CH2-CH2-), 

3.21 (2 H, t, J 6.9 Hz, S-CH2-CH2-), 2.20 (2 H, tt, J 6.9 Hz, 5.9 Hz, S-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.67, 145.15, 144.81, 141.03, 137.67, 137.37, 136.46, 132.76, 132.66, 

132.64, 129.02, 128.10, 127.60, 127.59, 127.50, 127.35, 127.27, 119.00, 118.92, 114.93, 110.83, 

110.82, 65.91, 29.69, 29.01

EA: Calculated for C35H26N2OS: C = 80.43 %, H = 5.01 %, N = 5.36 %, S = 6.13 %; Found: C = 80.22 

%, H = 5.13 %, N = 5.21 %, S = 5.99 %

3.2 34-({4-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]butyl}oxy)-[11,21:24,31-

terphenyl]-14-carbonitrile (CBS4OCT)
Yield: 0.075 g, 3.9 %. RF: 0.24

TCrN 210 °C TNI 316 °C

vmax/cm-1: 2956, 2233, 1599, 1485, 1394, 1285, 1255, 1179, 1101, 1040, 993, 810, 557, 518

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.56 (2 H, d, J 8.4 Hz, Ar-H), 7.51 (2 H, d, J 8.3 Hz, 

Ar-H), 7.42 (2 H, d, J 8.3 Hz, Ar-H), 6.98 (2 H, d, J 8.4 Hz, Ar-H), 4.06 (2 H, t, J 5.9 Hz, O-CH2-CH2-), 

3.08 (2 H, t, J 7.0 Hz, S-CH2-CH2-), 1.96 (4 H, quin, m , S-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.84, 145.25, 144.81, 141.26, 137.45, 137.22, 136.42, 132.76, 132.65, 

132.64, 129.11, 128.11, 127.58, 127.57, 127.49, 127.35, 127.28, 119.01, 118.92, 114.90, 110.81, 

110.80, 67.32, 32.89, 28.33, 25.75

EA: Calculated for C36H28N2OS: C = 80.57 %, H = 5.26 %, N = 5.22 %, S = 5.97 %; Found: C = 80.25 

%, H = 5.24 %, N = 5.09 %, S = 5.57 %

3.3 34-({5-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]pentyl}oxy)-[11,21:24,31-

terphenyl]-14-carbonitrile (CBS5OCT)
Yield: 0.265 g, 27.0 %. RF: 0.19

TCN- 185 °C TNTBN (129 °C) TNI 271 °C



vmax/cm-1: 2935, 2228, 1601, 1510, 1487, 1392, 1287, 1256, 1183, 1096, 1045, 1001, 961, 811, 722, 

563, 520

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.56 (2 H, d, J 8.2 Hz, Ar-H), 7.50 (2 H, d, J 8.3 Hz, 

Ar-H), 7.41 (2 H, d, J 8.3 Hz, Ar-H), 6.97 (2 H, d, J 8.2 Hz, Ar-H), 4.02 (2 H, t, J 6.3 Hz, O-CH2-CH2), 

3.03 (2 H, t, J 7.2 Hz, S-CH2-CH2), 1.82 (4 H, m, O-CH2-CH2-CH2-CH2-CH2-), 1.69 (2 H, m, S-CH2-

CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 158.95, 145.19, 144.88, 141.13, 138.22, 137.32, 136.26, 132.66, 132.65, 

132.55, 128.87, 128.08, 127.58, 127.54, 127.50, 127.33, 127.27, 118.99, 118.92, 114.91, 110.82, 

110.81, 67.71, 33.05, 28.80, 28.73, 25.37.

EA: Calculated for C37H30N2OS: C = 80.70 %, H = 5.49 %, N = 5.09 %, S = 5.82 %; Found: C = 80.21 

%, H = 5.38 %, N = 5.14 %, S = 6.06 %

3.4 34-({6-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]hexyl}oxy)-[11,21:24,31-

terphenyl]-14-carbonitrile (CBS6OCT)
Yield: 0.048 g, 14.7 %. RF: 0.35

TCrN 203 °C TNI 296 °C

vmax/cm-1: 2917, 2851, 2231, 1601, 1487, 1393, 1290, 1254, 1181, 1097, 1001, 812, 723, 562, 520

δH/ppm (400 MHz, CDCl3): 7.68 (12 H, m, Ar-H), 7.56 (2 H, d, J 8.4 Hz, Ar-H), 7.51 (2 H, d, J 8.3 Hz, 

Ar-H), 7.40 (2 H, d, J 8.3 Hz, Ar-H), 6.99 (2 H, d, J 8.4 Hz, Ar-H), 4.01 (2 H, t, J 6.5 Hz, O-CH2-CH2-), 

3.00 (2 H, t, J 7.3 Hz, S-CH2-CH2-), 1.79 (4 H, m, O-CH2-CH2-CH2-CH2-CH2-CH2-), 1.55 (4 H, m, S-

CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 159.01, 145.20, 144.91, 141.17, 138.42, 137.28, 136.17, 132.65, 132.64, 

132.51, 128.69, 128.09, 127.57, 127.53, 127.49, 127.33, 127.27, 118.99, 118.93, 114.90, 110.80, 

110.79, 67.88, 33.01, 29.15, 28.96, 28.57, 25.70

EA: Calculated for C38H32N2OS: C = 80.82 %, H = 5.71 %, N = 4.96 %, S = 5.68 %; Found: C = 80.32 

%, H = 5.39 %, N = 4.96 %, S = 5.83 %

3.5 34-({7-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]heptyl}oxy)-[11,21:24,31-

terphenyl]-14-carbonitrile (CBS7OCT)
Yield: 0.317 g, 48.9 %. RF: 0.29

TCrN 151 °C TNTBN (130 °C) TNI 265 °C



vmax/cm-1: 2922, 2851, 2228, 1603, 1487, 1392, 1290, 1245, 11178, 1096, 1001, 856, 807, 723, 563, 519

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.56 (2 H, d, J 8.3 Hz, Ar-H), 7.51 (2 H, d, J 8.1 Hz, 

Ar-H), 7.40 (2 H, d, J 8.1 Hz, Ar-H), 6.98 (2 H, d, J 8.3 Hz, Ar-H), 4.02 (2 H, t, J 6.5 Hz, O-CH2-CH2-), 

2.99 (2 H, t, J 7.3 Hz, S-CH2-CH2-), 1.76 (4 H, m, O-CH2-CH2-CH2-CH2-CH2-CH2-CH2-), 1.47 (6 H, 

m, S-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 159.05, 145.21, 144.92, 141.18, 138.50, 137.27, 136.12, 132.65, 132.58, 

132.47, 128.65, 128.08, 127.57, 127.52, 127.49, 127.32, 127.27, 119.00, 118.93, 114.91, 110.80, 

110.78, 67.99, 33.04, 29.19, 28.92, 28.89, 28.73, 25.95

EA: Calculated for C39H34N2OS: C = 80.93 %, H = 5.92 %, N = 4.84 %, S = 5.54 %; Found: C = 80.72 

%, H = 5.93 %, N = 4.88 %, S = 5.75 %

3.6 34-({9-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]nonyl}oxy)-[11,21:24,31-

terphenyl]-14-carbonitrile (CBS9OCT)
Yield: 0.487 g, 53.1 %. RF: 0.42

TCrN 120 °C TNTBN (119 °C) TNI 245 °C

vmax/cm-1: 2940, 2853, 2228, 1604, 1486, 1475, 1391, 1290, 1242, 1176, 1095, 1023, 1000, 856, 807, 

726, 563, 518

δH/ppm (400 MHz, CDCl3): 7.68 (12 H, m, Ar-H), 7.56 (2 H, d, J 8.3 Hz, Ar-H), 7.51 (2 H, d, J 8.1 Hz, 

Ar-H), 7.39 (2 H, d, J 8.1 Hz, Ar-H), 6.99 (2 H, d, J 8.3 Hz, Ar-H), 4.00 (2 H, t, J 6.5 Hz, O-CH2-CH2-), 

2.98 (2 H, t, J 7.4 Hz, S-CH2-CH2-), 1.80 (2 H, tt, J 7.0 Hz, 6.5 Hz, O-CH2-CH2-CH2-), 1.69 (2 H, quin, 

J 7.4 Hz, S-CH2-CH2-CH2-), 1.67 (10 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 159.09, 145.22, 144.94, 141.21, 138.60, 137.25, 136.07, 132.64, 132.60, 

132.43, 128.59, 128.07, 127.56, 127.50, 127.48, 127.32, 127.28, 119.00, 118.94, 114.92, 110.79, 

110.77, 68.09, 33.05, 29.40, 29.30, 29.27, 29.08, 28.99, 28.82, 26.04

EA: Calculated for C41H38N2OS: C = 81.15 %, H = 6.31 %, N = 4.62 %, S = 5.28 %; Found: C = 81.10 

%, H = 6.21 %, N = 4.98 %, S = 5.02 %

3.7 34-({11-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]undecyl}oxy)-[11,21:24,31-

terphenyl]-14-carbonitrile (CBS11OCT)
Yield: 0.255 g, 59.3 %. RF: 0.35



TCrN 128 °C TNTBN (115 °C) TNI 236 °C

vmax/cm-1: 2917, 2850, 2229, 1604, 1487, 1473, 1391, 1290, 1240, 1178, 1096, 1001, 856, 809, 723, 

563, 519

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.57 (2 H, d, J 8.3 Hz, Ar-H), 7.50 (2 H, d, J 8.1 Hz, 

Ar-H), 7.39 (2 H, d, J 8.1 Hz, Ar-H), 6.99 (2 H, d, J 8.3 Hz, Ar-H), 4.01 (2 H, t, J 6.5 Hz, O-CH2-CH2-), 

2.98 (2 H, t, J 7.3 Hz, S-CH2-CH2-), 1.81 (2 H, tt, J 7.0 Hz, 6.5 Hz, O-CH2-CH2-CH2-), 1.70 (2 H, quin, 

J 7.3, S-CH2-CH2-CH2-), 1.67 (14 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 159.10, 145.22, 144.94, 141.22, 138.64, 137.24, 136.05, 132.64, 132.62, 

132.41, 128.56, 128.07, 127.56, 127.50, 127.48, 127.32, 127.28, 119.00, 118.94, 114.92, 110.78, 

110.76, 68.13, 33.05, 29.54, 29.50, 29.48, 29.40, 29.30, 29.16, 29.02, 28.87, 26.07

EA: Calculated for C43H42N2OS: C = 81.35 %, H = 6.67 %, N = 4.41 %, S = 5.05 %; Found: C = 81.36 

%, H = 6.75 %, N = 4.37 %, S = 4.93 %



Scheme 2. Synthesis of the CBSnCT series.

The synthesis of the CBSnCT series follows the steps outlined in Scheme 2. In the synthesis of the 

CBSnCT series (8), the bromoalkanoic acid was converted to an acid chloride before it underwent a 

Friedel-Crafts acylation and a subsequent hydrosilane reduction in a method described by Abberley et 
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al.14 This was followed by a modified Williamson ether reaction10 and a subsequent Suzuki-Miyaura 

cross-coupling reaction2 to form the desired product.

4 ω-Bromoalkanoyl chlorides
To a pre-dried flask flushed with argon, the starting ω-bromoalkanoic acid (1 eq) was added. The acid 

was azeotroped with dry toluene (2 × 15 mL) and once all the toluene had been removed, thionyl 

chloride (5.0 eq) was syringed in with stirring. The quantities of the reagents used in each reaction are 

listed in Table S4. The mixture was heated to 70 °C for 2 h which generated a yellow/brown liquid. 

The excess of thionyl chloride remaining in the flask was removed using high vacuum. To ensure all 

the thionyl chloride had been removed dry toluene (1 × 10 mL) was added to the flask before also being 

removed under high vacuum. The yellow/brown liquid remaining was used without any further 

purification. 

Table S4. Quantities of reagents used in the preparation of ω-bromoalkanoyl chlorides (4).

n ω-Bromoalkanoic acid Thionyl chloride

8 11.0 g, 0.0493 mol 18.0 mL, 29.4 g, 0.247 mol

10 6.50 g, 0.0259 mol 9.41 mL, 15.3 g, 0.129 mol

2-Bromoethanoyl chloride - Was purchased commercially from Sigma Aldrich and used without 

further purification.

 

4-Bromobutanoyl chloride - Was purchased commercially from Sigma Aldrich and used without 

further purification.

5-Bromopentanoyl chloride - Was purchased commercially from Sigma Aldrich and used without 

further purification.

6-Bromohexanoyl chloride - Was purchased commercially from Fisher Scientific and used without 

further purification.

4.1 8-Bromooctanoyl chloride
Yield: 11.8 g, 99.0 %



4.2 10-Bromodecanoyl chloride
Yield: 6.94 g, 99.4 %

5 ω-Bromo-1-(4'-bromo-[1,1’-biphenyl]-4-yl)alkan-1-ones
To a pre-dried flask flushed with argon, aluminium chloride (1.2 eq) was added along with dry 

dichloromethane (60 mL) while being stirred. The outside of the flask was wrapped in aluminium foil 

to prevent light from interfering with the reaction and placed into an ice bath in order to keep the reaction 

mixture at 0 °C. 4-Bromobiphenyl (1.1 eq) and compound 4 (1 eq) were mixed along with dry 

dichloromethane (60 mL) and added dropwise into the flask. The quantities of the reagents used in each 

reaction are listed in Table S5. The ice bath was removed, and the reaction proceeded at room 

temperature overnight. The extent of the reaction was monitored by TLC using dichloromethane as the 

solvent system (RF values quoted in the product data). The mixture was added to a slurry of ice (50 g) 

with 6 M hydrochloric acid (12 mL) and extracted with dichloromethane (200 mL). The extracted 

organic layer was washed with water (3 × 50 mL) and dried over anhydrous magnesium sulfate. The 

magnesium sulfate was removed using vacuum filtration and the solvent evaporated under vacuum to 

leave an off-white solid which was recrystallised using hot ethanol (250 mL).

Table S5. Quantities of reagents used in the preparation of ω-bromo-1-(4'-bromo-[1,1’-biphenyl]-4-

yl)alkan-1-ones (5).

n (4) 4-Bromobiphenyl Aluminium chloride

2 2.30 mL, 4.34 g, 0.0276 mol 4.06 g, 0.0304 mol 2.55 g, 0.0331 mol

4 3.06 mL, 4.90 g, 0.0264 mol 6.76 g, 0.0290 mol 4.23 g, 0.0317 mol

5 2.41 mL, 3.59 g, 0.0180 mol 4.62 g, 0.0198 mol 2.88 g, 0.0216 mol

6 7.19 mL, 10.0 g, 0.0470 mol 12.1 g, 0.0517 mol 7.25 g, 0.0564 mol

8 11.8 mL, 11.8 g, 0.0488 mol 12.5 g, 0.0537 mol 7.80 g, 0.0586 mol

10 5.55 mL, 5.55 g, 0.0146 mol 6.80 g, 0.0292 mol 4.28 g, 0.0321 mol

5.1 2-Bromo-1-(4'-bromo-[1,1’-biphenyl]-4-yl)ethan-1-one 
Yield: 6.48 g, 66.3 %. RF: 0.57. MP: 145 °C

vmax/cm-1: 1685, 1602, 1474, 1416, 1387, 1280, 1191, 1074, 993, 808, 698, 634, 565, 528, 481

δH/ppm (400 MHz, CDCl3): 8.06 (2 H, d, J 7.9 Hz, Ar-H), 7.68 (2 H, d, J 7.9 Hz, Ar-H), 7.61 (2 H, d, 

J 8.1 Hz, Ar-H), 7.50 (2 H, d, J 8.1 Hz, Ar-H), 4.47 (2 H, s, Br-CH2-C(=O)-)



δC/ppm (100 MHz, CDCl3): 190.82, 145.37, 138.47, 132.93, 132.20, 129.69, 128.84, 127.29, 122.98, 

30.71

Data consistent with reported values.15

5.2 4-Bromo-1-(4'-bromo-[1,1’-biphenyl]-4-yl)butan-1-one 
Yield: 7.21 g, 71.5 %. RF: 0.62. MP: 116 °C

vmax/cm-1: 1675, 1603, 1404, 1387, 1281, 1225, 1187, 1070, 1001, 851, 847, 810, 666, 568, 529, 453

δH/ppm (400 MHz, CDCl3): 8.02 (2 H, d, J 8.0 Hz, Ar-H), 7.64 (2 H, d, J 8.0 Hz, Ar-H), 7.59 (2 H, d, 

J 8.2 Hz, Ar-H), 7.49 (2 H, d, J 8.2 Hz, Ar-H), 3.47 (2 H, t, J 6.4 Hz, Br-CH2-CH2-), 3.04 (2 H, t, 

J 6.9 Hz, C(=O)-CH2-CH2-), 1.95 (4 H, m, Br-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 198.28, 144.62, 138.72, 135.73, 132.13, 128.82, 128.74, 127.11, 122.72, 

36.64, 33.65, 26.89

Data consistent with reported values.16

5.3 5-Bromo-1-(4'-bromo-[1,1’-biphenyl]-4-yl)pentan-1-one 
Yield: 5.64 g, 79.1 %. RF: 0.56. MP: 118 °C

vmax/cm-1: 2957, 1676, 1604, 1474, 1456, 1388, 1372, 1275, 1185, 1076, 1001, 978, 812, 722, 640, 574, 

531, 515, 457

δH/ppm (400 MHz, CDCl3): 8.02 (2 H, d, J 8.3 Hz, Ar-H), 7.65 (2 H, d, J 8.3 Hz, Ar-H), 7.59 (2 H, d, 

J 8.4 Hz, Ar-H), 7.49 (2 H, d, J 8.4 Hz, Ar-H), 3.44 (2 H, t, J 7.1 Hz, Br-CH2-CH2-), 3.03 (2 H, t, 

J 7.1 Hz, C(=O)-CH2-CH2-), 1.93 (2 H, quin, J 7.1 Hz, Br-CH2-CH2-CH2-), 1.79 (2 H, quin, J 7.1 Hz, 

C(=O)-CH2-CH2-CH2-), 1.56 (2 H, quin, J 7.1 Hz, Br-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 199.03, 144.48, 138.75, 135.82, 132.12, 128.82, 128.74, 127.09, 122.69, 

37.52, 33.34, 32.22, 22.82

Data consistent with reported values.1

5.4 6-Bromo-1-(4'-bromo-[1,1’-biphenyl]-4-yl)hexan-1-one 
Yield: 10.15 g, 53.2 %. RF: 0.53. MP: 81 °C

vmax/cm-1: 2938, 1678, 1604, 1477, 1389, 1365, 1262, 1208, 1189, 1070, 1000, 969, 822, 794, 723, 664, 

574



δH/ppm (400 MHz, CDCl3): 8.02 (2 H, d, J 8.3 Hz, Ar-H), 7.65 (2 H, d, J 8.3 Hz, Ar-H), 7.59 (2 H, d, 

J 8.4 Hz, Ar-H), 7.49 (2 H, d, J 8.4 Hz, Ar-H), 3.44 (2 H, t, J 7.1 Hz, Br-CH2-CH2-), 3.03 (2 H, t, 

J 7.1 Hz, C(=O)-CH2-CH2-), 1.93 (2 H, quin, J 7.1 Hz, Br-CH2-CH2-CH2-), 1.79 (2 H, quin, J 7.1 Hz, 

C(=O)-CH2-CH2-CH2-), 1.56 (2 H, quin, J 7.1 Hz, Br-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 199.45, 144.40, 138.78, 135.94, 132.11, 128.82, 128.73, 127.07, 122.66, 

38.37, 33.65, 32.64, 27.90, 23.37

Data consistent with reported values.14

5.5 8-Bromo-1-(4'-bromo-[1,1’-biphenyl]-4-yl)octan-1-one 
Yield: 3.18 g, 14.9 %. RF: 0.49. MP: 64 °C

vmax/cm-1: 2928, 2851, 1675, 1602, 1480, 1465, 1408, 1389, 1270, 1197, 1077, 1001, 974, 809, 764, 

724, 563, 522

δH/ppm (400 MHz, CDCl3): 8.03 (2 H, d, J 8.4 Hz, Ar-H), 7.64 (2 H, d, J 8.4 Hz, Ar-H), 7.59 (2 H, d, 

J 8.5 Hz, Ar-H), 7.49 (2 H, d, J 8.5 Hz, Ar-H), 3.40 (2 H, t, J 6.9 Hz, Br-CH2-CH2-), 2.97 (2 H, t, 

J 7.1 Hz, C(=O)-CH2-CH2-), 1.86 (2 H, quin, J 6.9 Hz, Br-CH2-CH2-CH2-), 1.76 (2 H, quin, J 7.1 Hz, 

C(=O)-CH2-CH2-CH2-), 1.43 (6 H, m, Br-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 199.87, 144.31, 138.82, 136.04, 132.10, 128.81, 128.76, 127.04, 122.62, 

38.58, 33.95, 32.75, 29.16, 28.64, 28.02, 24.25

Data consistent with reported values.16

5.6 10-Bromo-1-(4'-bromo-[1,1’-biphenyl]-4-yl)decan-1-one 
Yield: 3.02 g, 44.4 %. RF: 0.43. MP: 95 °C

vmax/cm-1: 2929, 2847, 1675, 1602, 1587, 1474, 1390, 1252, 1226, 1195, 1078, 1000, 974, 282, 810, 

754, 690, 562, 468

δH/ppm (400 MHz, CDCl3): 8.03 (2 H, d, J 7.9 Hz, Ar-H), 7.64 (2 H, d, J 7.9 Hz, Ar-H), 7.57 (2 H, d, 

J 8.1 Hz, Ar-H), 7.49 (2 H, d, J 8.1 Hz, Ar-H), 3.40 (2 H, t, J 6.6 Hz, Br-CH2-CH2-), 2.95 (2 H, t, 

J 7.3 Hz, C(=O)-CH2-CH2-), 1.85 (2 H, tt, J 7.1 Hz, 6.6 Hz, Br-CH2-CH2-CH2-), 1.75 (2 H, quin, 

J 7.3 Hz, C(=O)-CH2-CH2-CH2-), 1.37 (10 H, m, Br-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 200.02, 144.27, 138.84, 136.07, 132.10, 128.81, 128.77, 127.03, 122.61, 

38.68, 34.05, 32.81, 29.37, 29.33, 29.28, 28.71, 28.15, 24.39

Data consistent with reported values.16



6 4-Bromo-4'-(ω-bromoalkyl)-1,1'-biphenyls
To a pre-dried flask flushed with argon, compound 5 (1 eq) was added. The flask was placed into an ice 

bath in order to maintain the temperature at 0 °C. The solid was solubilised using trifluoroacetic acid 

and dry dichloromethane (40 mL), along with stirring. Finally, triethylsilane was added to the flask and 

the ice bath was removed. The quantities of the reagents used in each reaction are listed in Table S6. 

The reaction was left for 24 h and the extent of the reaction was monitored by TLC using 

dichloromethane as the solvent system (RF values quoted in the product data). Once complete, the 

mixture was added to a beaker with dichloromethane (100 mL) and water (300 mL). The organic layer 

was separated and washed with water (3 × 50 mL). This was dried using anhydrous magnesium sulfate, 

which was removed by vacuum filtration, and the solvent evaporated under vacuum to leave a white 

solid which was recrystallised using hot ethanol (150 mL).

Table S6. Quantities of reagents used in the preparation of 4-bromo-4'-(ω-bromoalkyl)-1,1'-biphenyls 

(6).

n (5) Trifluoroacetic acid Triethylsilane

2 6.00 g, 0.0169 mol 70.0 mL, 104 g, 0.914 mol 14.0 mL, 10.2 g, 0.0877 mol

4 6.51 g, 0.0170 mol 71.0 mL, 106 g, 0.927 mol 14.2 mL, 10.3 g, 0.0889 mol

5 5.00 g, 0.0126 mol 55.0 mL, 81.9 g, 0.713 mol 11.0 mL, 8.01 g, 0.0689 mol

6 10.0 g, 0.0244 mol 100 mL, 149 g, 1.31 mol 20.0 mL, 14.6 g, 0.125 mol 

8 2.40 g, 5.48×10-3 mol 7.67 mL, 11.4 g, 0.100 mol 4.0 mL, 2.91 g, 0.0250 mol

10 2.80 g, 6.01×10-3 mol 15.0 mL, 22.3 g, 0.196 mol 9.0 mL, 6.55 g, 0.0563 mol 

6.1 4-Bromo-4'-(2-bromoethyl)-1,1'-biphenyl 
Yield: 4.34 g, 75.5 %. RF: 0.81. MP: 125 °C

vmax/cm-1: 1479, 1446, 1387, 1258, 1212, 1068, 1002, 804, 749, 652, 583, 506

δH/ppm (400 MHz, CDCl3): 7.56 (2 H, d, J 7.9 Hz, Ar-H), 7.52 (2 H, d, J 7.6 Hz, Ar-H), 7.45 (2 H, d, 

J 7.9 Hz, Ar-H), 7.28 (2 H, d, J 7.6 Hz, Ar-H), 3.61 (2 H, t, J 7.4 Hz, Br-CH2-CH2-), 3.21 (2 H, t, 

J 7.4 Hz, Ar-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 139.69, 138.66, 138.38, 131.89, 129.24, 128.62, 127.14, 121.54, 38.97, 

32.79



6.2 4-Bromo-4'-(4-bromobutyl)-1,1'-biphenyl 
Yield: 4.63 g, 74.0 %. RF: 0.78. MP: 98 °C

vmax/cm-1: 2938, 2863, 1479, 1461, 1390, 1255, 1202, 1075, 999, 805, 762, 731, 647, 495

δH/ppm (400 MHz, CDCl3): 7.55 (2 H, d, J 8.0 Hz, Ar-H), 7.48 (2 H, d, J 7.7 Hz, Ar-H), 7.44 (2 H, d, 

J 8.0 Hz, Ar-H), 7.25 (2 H, d, J 7.7 Hz, Ar-H), 3.43 (2 H, t, J 6.5 Hz, Br-CH2-CH2-), 2.69 (2 H, t, 

J 7.3 Hz, Ar-CH2-CH2-), 1.92 (2 H, tt, J 7.3 Hz, 6.5 Hz, Br-CH2-CH2-CH2-), 1.82 (2 H, quin, J 7.3 Hz, 

Ar-CH2-CH2-CH2-),

δC/ppm (100 MHz, CDCl3): 141.40, 139.94, 137.67, 131.83, 128.96, 128.58, 126.93, 121.29, 34.62, 

33.62, 32.24, 29.80

Data consistent with reported values.16

6.3 4-Bromo-4'-(5-bromopentyl)-1,1'-biphenyl 
Yield: 2.96 g, 61.5 %. RF: 0.85. MP: 78 °C

vmax/cm-1: 2932, 2851, 1479, 1428, 1389, 1260, 1210, 1077, 1000, 803, 768, 731, 558, 509, 482

δH/ppm (400 MHz, CDCl3): 7.55 (2 H, d, J 8.0 Hz, Ar-H), 7.48 (2 H, d, J 7.8 Hz, Ar-H), 7.44 (2 H, d, 

J 8.0 Hz, Ar-H), 7.25 (2 H, d, J 7.8 Hz, Ar-H), 3.42 (2 H, t, J 6.7 Hz, Br-CH2-CH2-), 2.67 (2 H, t, 

J 7.5 Hz, Ar-CH2-CH2-), 1.91 (2 H, tt, J 7.5 Hz, 6.7 Hz, Br-CH2-CH2-CH2-), 1.70 (2 H, quin, J 7.5 Hz, 

Ar-CH2-CH2-CH2-), 1.53 (2 H, quin, J 7.5 Hz, Br-CH2-CH2-CH2-CH2-),

δC/ppm (100 MHz, CDCl3): 141.92, 139.99, 137.51, 131.82, 128.95, 128.57, 126.86, 121.24, 35.37, 

33.77, 32.69, 30.58, 27.86

Data consistent with reported values.1

6.4 4-Bromo-4'-(6-bromohexyl)-1,1'-biphenyl 
Yield: 6.77 g, 70.8 %. RF: 0.67. MP: 76 °C

vmax/cm-1: 2931, 2856, 1479, 1454, 1390, 1235, 1189, 1077, 1000, 804, 726, 646, 503

δH/ppm (400 MHz, CDCl3): 7.55 (2 H, d, J 8.2 Hz, Ar-H), 7.46 (4 H, m, Ar-H), 7.24 (2 H, d, J 8.2 Hz, 

Ar-H), 3.41 (2 H, t, J 6.8 Hz, Br-CH2-CH2-), 2.66 (2 H, t, J 7.3 Hz, Ar-CH2-CH2-), 1.87 (2 H, tt, 

J 7.3 Hz, 6.8 Hz, Br-CH2-CH2-CH2-), 1.67 (2 H, quin, J 7.3 Hz, Ar-CH2-CH2-CH2-), 1.48 (2 H, quin, 

J 7.3 Hz, Br-CH2-CH2-CH2-CH2-), 1.40 (2 H, quin, J 7.3 Hz, Ar-CH2-CH2-CH2-CH2-)



δC/ppm (100 MHz, CDCl3) 142.18, 140.03, 137.42, 131.81, 128.96, 128.57, 126.82, 121.21, 35.44, 

33.95, 32.73, 31.21, 28.40, 28.03

Data consistent with reported values.14

6.5 4-Bromo-4'-(8-bromooctyl)-1,1'-biphenyl 
Yield: 0.837 g, 36.0 %. RF: 0.75. MP: 62 °C

vmax/cm-1: 2925, 2853, 148, 1389, 1221, 1075, 1000, 805, 724, 644, 557, 504

δH/ppm (400 MHz, CDCl3): 7.54 (2 H, d, J 8.5 Hz, Ar-H), 7.47 (4 H, m, Ar-H), 7.25 (2 H, d, J 8.3 Hz, 

Ar-H), 3.39 (2 H, t, J 6.8 Hz, Br-CH2-CH2-), 2.63 (2 H, t, J 7.5 Hz, Ar-CH2-CH2-), 1.82 (2 H, tt, 

J 7.5 Hz, 6.8 Hz, Br-CH2-CH2-CH2-), 1.65 (2 H, quin, J 7.5 Hz, Ar-CH2-CH2-CH2-), 1.36 (8 H, m, Br-

CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 142.45, 140.06, 137.34, 131.80, 128.96, 128.56, 126.79, 121.18, 35.58, 

34.03, 32.81, 31.40, 29.31, 29.20, 28.70, 28.16

Data consistent with reported values.16

6.6 4-Bromo-4'-(10-bromodecyl)-1,1'-biphenyl 
Yield: 0.880 g, 32.3 %. RF: 0.70. MP: 57 °C

vmax/cm-1: 2924, 2850, 1477, 1464, 1391, 1181, 1075, 1002, 827, 805, 723, 644, 491

δH/ppm (400 MHz, CDCl3): 7.54 (2 H, d, J 7.8 Hz, Ar-H), 7.44 (4 H, dd, J 8.1 Hz, 7.8 Hz, Ar-H), 7.25 

(2 H, d, J 8.1 Hz, Ar-H), 3.40 (2 H, t, J 6.7 Hz, Br-CH2-CH2-), 2.63 (2 H, t, J 7.4 Hz, Ar-CH2-CH2-), 

1.85 (2 H, tt, J 7.4 Hz, 6.7 Hz, Br-CH2-CH2-CH2-), 1.63 (2 H, quin, J 7.4 Hz, Ar-CH2-CH2-CH2-), 1.33 

(12 H, m, Br-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 142.54, 140.07, 137.29, 131.78, 128.95, 128.55, 126.76, 121.15, 35.59, 

34.07, 32.83, 31.45, 29.45 (2 × C), 29.42, 29.30, 28.75, 28.17

Data consistent with reported values.16

7 4-Bromo-4'-{ω-[(4-bromophenyl)thio]alkyl}-1,1'-biphenyls
To a pre-dried flask flushed with argon, 4-bromothiophenol (1.1 eq) was added. Sodium hydroxide 

(1.32 eq) dissolved in ethanol (20 mL), sonicated to ensure all the solid was in solution, was added. The 

mixture was stirred for 2 h at room temperature. Compound 6 (1 eq) in tetrahydrofuran (5 mL) was 



added and the reaction mixture was stirred at room temperature for 24 h. The quantities of the reagents 

used in each reaction are listed in Table S7. The extent of the reaction was monitored by TLC using 

dichloromethane as the solvent system (RF values quoted in the product data). The resulting white 

precipitate was collected and recrystallised from hot ethanol (75 mL). 

Table S7. Quantities of reagents used in the syntheses of 4-bromo-4'-{ω-[(4-bromophenyl)thio]alkyl}-

1,1'-biphenyls (7).

n (6) 4-Bromothiophenol Sodium hydroxide 

2 1.30 g, 3.82×10-3 mol 0.796 g, 4.21×10-3 mol 0.202 g, 5.05×10-3 mol

4 1.50 g, 4.07×10-3 mol 0.847 g, 4.48×10-3 mol 0.215 g, 5.37×10-3 mol

5 1.00 g, 2.62×10-3 mol 0.545 g, 2.88×10-3 mol 0.138 g, 3.45×10-3 mol

6 2.50 g, 6.31×10-3 mol 1.31 g, 6.94×10-3 mol 0.333 g, 8.33×10-3 mol

8 0.800 g, 1.89×10-3 mol 0.393 g, 2.08×10-3 mol 0.100 g, 2.49×10-3 mol

10 0.750 g, 1.66×10-3 mol 0.345 g, 1.82×10-3 mol 0.088 g, 2.19×10-3 mol 

7.1 4-Bromo-4'-{2-[(4-bromophenyl)thio]ethyl}-1,1'-biphenyl
Yield: 1.45 g, 84.6 %. RF: 0.82. MP: 102 °C

vmax/cm-1: 2913, 1472, 1432, 1388, 1091, 1073, 1001, 807, 749, 584, 454, 490, 477

δH/ppm (400 MHz, CDCl3): 7.55 (2 H, d, J 7.7 Hz, Ar-H), 7.49 (2 H, d, J 7.8 Hz, Ar-H), 7.42 (4 H, m, 

Ar-H), 7.22 (4 H, m, Ar-H), 3.18 (2 H, t, J 7.5 Hz, S-CH2-CH2-), 2.95 (2 H, t, J 7.5 Hz, Ar-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 139.76, 139.40, 138.32, 135.51, 131.99, 131.87, 130.83, 129.10, 128.60, 

127.07, 121.46, 119.89, 35.18, 35.13

7.2 4-Bromo-4'-{4-[(4-bromophenyl)thio]butyl}-1,1'-biphenyl
Yield: 1.10 g, 56.7 %. RF: 0.75. MP: 96 °C

vmax/cm-1: 2934, 2854, 1480, 1472, 1389, 1256, 1092, 1077, 1000, 805, 729, 647, 623, 512, 499, 479

δH/ppm (400 MHz, CDCl3): 7.54 (2 H, d, J 8.3 Hz, Ar-H), 7.45 (4 H, dd, J 8.4 Hz, 8.3 Hz, Ar-H), 7.38 

(2 H, d, J 8.1 Hz Ar-H), 7.22 (2 H, d, J 8.1 Hz, Ar-H), 7.16 (2 H, d, J 8.4 Hz, Ar-H), 2.92 (2 H, t, 

J 7.4 Hz, S-CH2-CH2-), 2.66 (2 H, t, J 7.4 Hz, Ar-CH2-CH2-), 1.79 (2 H, quin, J 7.4 Hz, S-CH2-CH2-

CH2-), 1.69 (2 H, quin, J 7.4 Hz, Ar-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 141.55, 139.94, 137.60, 135.95, 131.87, 131.83, 130.62, 128.94, 128.57, 

126.87, 121.26, 119.58, 34.95, 33.62, 30.26, 28.44



7.3 4-Bromo-4'-{5-[(4-bromophenyl)thio]pentyl}-1,1'-biphenyl
Yield: 1.13 g, 88.0 %. RF: 0.80. MP: 120 °C

vmax/cm-1: 2929, 2856, 1480, 1389, 1247, 1093, 1077, 1001, 805, 766, 730, 558, 482

δH/ppm (400 MHz, CDCl3): ): 7.54 (2 H, d, J 8.0 Hz, Ar-H), 7.45 (4 H, dd, J 8.0 Hz, 8.0 Hz, Ar-H), 

7.39 (2 H, d, J 7.9 Hz, Ar-H), 7.23 (2 H, d, J 7.9 Hz, Ar-H), 7.17 (2 H, d, J 8.0 Hz, Ar-H), 2.89 (2 H, t, 

J 7.4 Hz, S-CH2-CH2-), 2.64 (2 H, t, J 7.4 Hz, Ar-CH2-CH2-), 1.66 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-

), 1.48 (2 H, m, S-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 141.98, 139.99, 137.47, 136.13, 131.86, 131.81, 130.45, 128.95, 128.55, 

126.83, 121.23, 119.48, 35.38, 33.62, 30.91, 28.91, 28.38

7.4 4-Bromo-4'-{6-[(4-bromophenyl)thio]hexyl}-1,1'-biphenyl
Yield: 2.24 g, 70.4 %. RF: 0.72. MP: 97 °C

vmax/cm-1: 2926, 2852, 1482, 1472, 1465, 1385, 1095, 1076, 1008, 1000, 801, 724, 508, 478

δH/ppm (400 MHz, CDCl3): 7.54 (2 H, d, J 8.4 Hz, Ar-H), 7.45 (4 H, dd, J 8.5 Hz, 8.4 Hz, Ar-H), 7.38 

(2 H, d, J 8.0 Hz, Ar-H), 7.23 (2 H, d, J 8.0 Hz, Ar-H), 7.17 (2 H, d, J 8.5 Hz, Ar-H), 2.89 (2 H, t, 

J 7.3 Hz, S-CH2-CH2-), 2.64 (2 H, t, J 7.5 Hz, Ar-CH2-CH2-), 1.64 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-

CH2-), 1.47 (2 H, quin, J 7.3 Hz, Ar-CH2-CH2-CH2-CH2-), 1.37 (2 H, quin, J 7.3 Hz, S-CH2-CH2-CH2-

CH2-)

δC/ppm (100 MHz, CDCl3): 142.23, 140.02, 137.40, 136.20, 131.85, 131.81, 130.38, 128.95, 128.56, 

126.81, 121.21, 119.42, 35.45, 33.63, 31.23, 28.88, 28.75, 28.58

Data consistent with reported values.1

7.5 4-Bromo-4'-{8-[(4-bromophenyl)thio]octyl}-1,1'-biphenyl
Yield: 0.711 g, 71.9 %. RF: 0.87. MP: 93 °C

vmax/cm-1: 2924, 2851, 1481, 1388, 1094, 1077, 1001, 805, 723, 624, 507, 479

δH/ppm (400 MHz, CDCl3): 7.54 (2 H, d, J 8.5 Hz, Ar-H), 7.45 (4 H, dd, J 8.5 Hz, 8.5 Hz, Ar-H), 7.36 

(2 H, d Hz, J 8.2, Ar-H), 7.22 (2 H, d, J 8.2 Hz, Ar-H), 7.15 (2 H, d, J 8.5 Hz, Ar-H), 2.86 (2 H, t, 

J 7.3 Hz, S-CH2-CH2-), 2.61 (2 H, t, J 7.3 Hz, Ar-CH2-CH2-), 1.60 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-

CH2-CH2-CH2-), 1.35 (8 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)



δC/ppm (100 MHz, CDCl3): 140.04, 137.30, 142.45, 136.23, 131.81, 131.77, 130.33, 128.93, 128.53, 

126.75, 121.14, 119.35, 35.55, 33.63, 31.37, 29.30, 29.18, 29.02, 28.93, 28.71

7.6 4-Bromo-4'-{10-[(4-bromophenyl)thio]decyl}-1,1'-biphenyl
Yield: 0.611 g, 65.7 %. RF: 0.84. MP: 79 °C

vmax/cm-1: 2921, 2850, 1474, 1466, 1388, 1094, 1076, 1001, 805, 721, 623, 509, 478

δH/ppm (400 MHz, CDCl3): 7.54 (2 H, d, J 8.0 Hz, Ar-H), 7.46 (4 H, dd, J 8.0 Hz, 7.9 Hz, Ar-H), 7.38 

(2 H, d Hz, J 8.1, Ar-H), 7.24 (2 H, d, J 8.1 Hz, Ar-H), 7.17 (2 H, d, J 7.9 Hz, Ar-H), 2.88 (2 H, t, 

J 7.3 Hz, S-CH2-CH2-), 2.63 (2 H, t, J 7.4 Hz, Ar-CH2-CH2-), 1.63 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-

CH2-CH2-CH2-CH2-CH2-), 1.30 (12 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 142.55, 140.07, 137.30, 136.30, 131.82, 131.79, 130.33, 128.96, 128.55, 

126.76, 121.16, 119.35, 35.61, 33.66, 31.45, 29.47 (2 × C), 29.45, 29.31, 29.12, 28.98, 28.77

8 34-{ω-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]alkyl}-[11,21:24,31-terphenyl]-14-

carbonitriles (CBSnCT)
To a pre-dried flask flushed with argon and fitted with a condenser, compound 7 (1 eq) was added. 4-

Cyanophenylboronic acid (2.5 eq) and tetrakis(triphenylphosphine)palladium(0) (0.025 eq) were added. 

A mixture of an aqueous solution of sodium carbonate (2 M, 10 mL), ethanol (5 mL) and toluene (40 

mL) were added, and the reaction mixture was heated to 85 °C for 24 h with stirring. The quantities of 

the reagents used in each reaction are listed in Table S8. The reaction mixture was cooled to room 

temperature, before 32 % hydrochloric acid (5 mL) was added dropwise until effervescence was no 

longer observed. The mixture was filtered to remove the palladium catalyst, and the solvents were 

removed under vacuum. Water (100 mL) and dichloromethane (100 mL) were added to the solid 

obtained. The organic layer was washed with water (2 × 50 mL), dried over anhydrous magnesium 

sulfate and the solvent removed under vacuum. The crude brown solid was purified using a silica gel 

column with the eluent being 10 % 40:60 petroleum ether and 90 % dichloromethane (RF values quoted 

in product data). The eluent fractions of interest were evaporated under vacuum to leave a white solid 

which was recrystallised from hot toluene (40 mL). 

Table S8. Quantities of reagents used in the syntheses of 34-{ω-[(4'-cyano-[1,1’-biphenyl]-4-

yl)thio]alkyl}-[11,21:24,31-terphenyl]-14-carbonitriles (8).

n (7) 4-Cyanophenylboronic acid Tetrakis(triphenylphosphine) 



palladium(0)

2 1.20 g, 2.68×10-3 mol 0.984 g, 6.70×10-3 mol 0.077 g, 6.70×10-5 mol

4 0.900 g, 1.89×10-3 mol 0.695 g, 4.73×10-3 mol 0.055 g, 4.73×10-5 mol

5 0.900 g, 1.84×10-3 mol 0.676 g, 4.60×10-3 mol 0.053 g, 4.60×10-5 mol

6 1.50 g, 2.97×10-3 mol 1.09 g, 7.43×10-3 mol 0.086 g, 7.43×10-5 mol

8 0.600 g, 1.13×10-3 mol 0.416 g, 2.83×10-3 mol 0.033 g, 2.83×10-5 mol

10 0.600 g, 1.07×10-3 mol 0.394 g, 2.68×10-3 mol 0.031 g, 2.68×10-5 mol

8.1 34-{2-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]ethyl}-[11,21:24,31-terphenyl]-14-

carbonitrile (CBS2CT)
Yield: 0.462 g, 35.0 %. RF: 0.42

TCrN 164 °C TNTBN (148 °C) TNI 201 °C

vmax/cm-1: 2970, 2224, 1605, 1489, 1392, 1094, 1002, 836, 808, 565, 526, 513

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.59 (2 H, d, J 7.8 Hz, Ar-H), 7.53 (2 H, d, J 7.9 Hz, 

Ar-H), 7.45 (2 H, d, J 7.9 Hz, Ar-H), 7.33 (2 H, d, J 7.8 Hz, Ar-H), 3.29 (2 H, t, J 7.6 Hz, S-CH2-CH2-

), 3.04 (2 H, t, J 7.6 Hz, Ar-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 145.11, 144.84, 141.17, 139.57, 138.53, 137.92, 137.76, 136.54, 132.67, 

132.66, 129.15, 129.09, 127.65, 127.64, 127.56, 127.55, 127.38, 127.22, 118.94, 118.90, 110.96, 

110.90, 35.18, 34.62

EA: Calculated for C34H24N2S: C = 82.90 %, H = 4.91 %, N = 5.69 %, S = 6.51 %; Found: C = 82.49 

%, H = 4.82 %, N = 5.28 %, S = 6.49 %

8.2 34-{4-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]butyl}-[11,21:24,31-terphenyl]-14-

carbonitrile (CBS4CT)
Yield: 0.257 g, 26.1 %. RF: 0.35

TCrN 169 °C TNTBN (153 °C) TNI 237 °C

vmax/cm-1: 2936, 2861, 2227, 1591, 1481, 1391, 1180, 1095, 1001, 806, 648, 557, 514

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.56 (2 H, d, J 7.8 Hz, Ar-H), 7.49 (2 H, d, J 8.1 Hz, 

Ar-H), 7.38 (2 H, d, J 8.1 Hz, Ar-H), 7.27 (2 H, d, J 7.8 Hz, Ar-H), 3.02 (2 H, t, J 7.1 Hz, S-CH2-CH2-

), 2.71 (2 H, t, J 7.4 Hz, Ar-CH2-CH2-), 1.81 (4 H, m, S-CH2-CH2-CH2-CH2-)



δC/ppm (100 MHz, CDCl3): 145.13, 144.88, 141.68, 141.35, 138.24, 137.75, 137.74, 136.23, 132.68, 

132.64, 129.00, 128.86, 127.59, 127.58, 127.53, 127.52, 127.33, 127.00, 118.96, 118.91, 110.92, 

110.80, 35.00, 33.01, 30.32, 28.46

EA: Calculated for C36H28N2S: C = 83.04 %, H = 5.42 %, N = 5.38 %, S = 6.16 %; Found: C = 83.15 

%, H = 5.39 %, N = 5.23 %, S = 6.02 %

8.3 34-{5-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]pentyl}-[11,21:24,31-terphenyl]-14-

carbonitrile (CBS5CT)
Yield: 0.204 g, 20.7 %. RF: 0.39

TCrN 224 °C TNI 297 °C

vmax/cm-1: 2930, 2856, 2227, 1604, 1486, 1394, 1182, 1097, 1002, 809, 560, 520

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.55 (2 H, d, J 7.9 Hz, Ar-H), 7.51 (2 H, d, J 8.0 Hz, 

Ar-H), 7.39 (2 H, d, J 8.0 Hz, Ar-H), 7.27 (2 H, d, J 7.9 Hz, Ar-H), 2.99 (2 H, t, J 7.4 Hz, S-CH2-CH2-

), 2.67 (2 H, t, J 7.4 Hz, Ar-CH2-CH2-), 1.74 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-), 1.55 (2 H, m, S-

CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 145.16, 144.91, 142.12, 141.41, 138.45, 137.70, 137.66, 136.16, 132.66, 

132.65, 128.99, 128.69, 127.60, 127.58, 127.53, 127.52, 127.33, 126.97, 118.97, 118.93, 110.89, 

110.81, 35.44, 33.02, 30.96, 28.95, 28.50

EA: Calculated for C37H30N2S: C = 83.11 %, H = 5.66 %, N = 5.24 %, S = 6.00 %; Found: C = 82.72 

%, H = 5.57 %, N = 4.76 %, S = 6.21 %

8.4 34-{6-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]hexyl}-[11,21:24,31-terphenyl]-14-

carbonitrile (CBS6CT)
Yield: 0.335 g, 20.5 %. RF: 0.43

TCrNTB
 131 °C TNTBN 144 °C TNI 238 °C

vmax/cm-1: 2927, 2851, 2228, 1604, 1486, 1394, 1260, 1181, 1096, 1002, 808, 560, 519

δH/ppm (400 MHz, CDCl3): 7.69 (12 H, m, Ar-H), 7.55 (2 H, d, J 8.0 Hz, Ar-H), 7.50 (2 H, d, J 8.2 Hz, 

Ar-H), 7.39 (2 H, d, J 8.2 Hz, Ar-H), 7.27 (2 H, d, J 8.0 Hz, Ar-H), 2.98 (2 H, t, J 7.2 Hz, S-CH2-CH2-

), 2.66 (2 H, t, J 7.5 Hz, Ar-CH2-CH2-), 1.69 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-), 1.50 (2 H, 

quin, J 7.4, S-CH2-CH2-CH2-CH2-), 1.42 (2 H, quin, J 7.4, Ar-CH2-CH2-CH2-CH2-)



δC/ppm (100 MHz, CDCl3): 145.16, 144.91, 142.37, 141.43, 138.51, 137.68, 137.57, 136.11, 132.66, 

132.65, 128.99, 128.65, 127.58, 127.57, 127.53, 127.52, 127.32, 126.94, 118.98, 118.94, 110.88, 

110.78, 35.49, 33.03, 31.25, 28.90, 28.79, 28.65

EA: Calculated for C38H32N2S: C = 83.17 %, H = 5.88 %, N = 5.11 %, S = 5.84 %; Found: C = 82.90 

%, H = 5.77 %, N = 5.21 %, S = 5.74 %

8.5 34-{8-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]octyl}-[11,21:24,31-terphenyl]-14-

carbonitrile (CBS8CT)
Yield: 0.155 g, 23.8 %. RF: 0.38

TCrNTB
 116 °C TNTBN 145 °C TNI 234 °C

vmax/cm-1: 2923, 2851, 2225, 1604, 1485, 1466, 1396, 1181, 1096, 1002, 805, 725, 538, 518

δH/ppm (400 MHz, CDCl3): 7.70 (12 H, m, Ar-H), 7.56 (2 H, d, J 8.2 Hz, Ar-H), 7.50 (2 H, d, J 8.4 Hz, 

Ar-H), 7.39 (2 H, d, J 8.4 Hz, Ar-H), 7.27 (2 H, d, J 8.2 Hz, Ar-H), 2.97 (2 H, t, J 7.4 Hz, S-CH2-CH2-

), 2.66 (2 H, t, J 7.4 Hz, Ar-CH2-CH2-), 1.67 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-), 1.41 

(8 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)

δC/ppm (100 MHz, CDCl3): 145.19, 144.93, 142.58, 141.48, 138.59, 137.65, 137.52, 136.08, 132.65, 

132.64, 128.98, 128.60, 127.60, 127.57, 127.53, 127.50, 127.32, 126.91, 118.98, 118.93, 110.87, 

110.78, 35.61, 33.05, 31.43, 29.34, 29.25, 29.07, 28.98, 28.82

EA: Calculated for C40H36N2S: C = 83.29 %, H = 6.29 %, N = 4.86 %, S = 5.56 %; Found: C = 83.54 

%, H = 6.26 %, N = 4.68 %, S = 5.20 %

8.6 34-{10-[(4'-Cyano-[1,1’-biphenyl]-4-yl)thio]decyl}-[11,21:24,31-terphenyl]-14-

carbonitrile (CBS10CT)
Yield: 0.108 g, 16.7 %. RF: 0.47.

TCrNTB
 114 °C TNTBN 139 °C TNI 224 °C

vmax/cm-1: 2921, 2850, 2228, 1598, 1485, 1467, 1397, 1183, 1099, 1002, 806, 724 558, 517

δH/ppm (400 MHz, CDCl3): 7.70 (12 H, m, Ar-H), 7.56 (2 H, d, J 7.9 Hz, Ar-H), 7.50 (2 H, d, J 8.2 Hz, 

Ar-H), 7.39 (2 H, d, J 8.2 Hz, Ar-H), 7.27 (2 H, d, J 7.9 Hz, Ar-H), 2.97 (2 H, t, J 7.4 Hz, S-CH2-CH2-

), 2.65 (2 H, t, J 7.5 Hz, Ar-CH2-CH2-), 1.67 (4 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-

CH2-), 1.36 (12 H, m, S-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH2-)



δC/ppm (100 MHz, CDCl3): 145.21, 144.94, 142.66, 141.51, 138.63, 137.64, 137.50, 136.06, 132.65, 

132.64, 128.98, 128.57, 127.60, 127.56, 127.53, 127.49, 127.32, 126.91, 118.97, 118.94, 110.86, 

110.77, 35.64, 33.06, 31.48, 29.48, 29.47, 29.46, 29.35, 29.15, 29.01, 28.85

EA: Calculated for C42H40N2S: C = 83.40 %, H = 6.67 %, N = 4.63 %, S = 5.30 %; Found: C = 83.35 

%, H = 6.89 %, N = 4.65 %, S = 5.06 %

Additional Data

Figure S1. Optical birefringence (Δn, circles) of selected CBSnCT homologues. Data recorded in 

nematic phase were fitted to power law dependence, , with parameters indicated on 
∆𝑛= ∆𝑛0(

𝑇𝑐 ‒ 𝑇

𝑇𝑐
)𝛽

the graphs. Value of parameter , which shows extrapolated birefringence of the perfectly ordered ∆𝑛0

nematic phase, clearly decreases with elongation of the spacer length.



Figure S2. 2D X-ray diffraction patterns for CBS10CT in (a) N phase (T = 150 °C) and (b) NTB phase 

(T = 110 °C). (c) Diffracted intensity vs. diffraction angle obtained from the 2D pattern by integration 

over azimuthal angle, red curve is vertically shifted for clarity of presentation. Note, that the change of 

absolute value of intensity reflects mainly the change of sample alignment between N and NTB phases.

Figure S3. 2D X-ray diffraction patterns for CBS9OCT in (a) N phase (T = 150 °C) and (b) NTB phase 

(T = 110 °C). (c) Diffracted intensity vs. diffraction angle obtained from the 2D pattern by integration 

over azimuthal angle, red curve is vertically shifted for clarity of presentation. Note, that the change of 

absolute value of intensity reflects mainly the change of sample alignment between N and NTB phases.



Figure S4. DSC trace of CBS2CT.

Figure S5. DSC trace of CBS4CT.
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Figure S6. DSC trace of CBS5CT. 

Figure S7. DSC trace of CBS8CT. 
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Figure S8. DSC trace of CBS10CT. 

Figure S9. DSC trace of CBS3OCT.
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Figure S10. DSC trace of CBS4OCT. 

Figure S11. DSC trace of CBS5OCT. 
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Figure S12. DSC trace of CBS6OCT. 

Figure S13. DSC trace of CBS7OCT. 
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Figure S14. DSC trace of CBS9OCT. 

Figure S15. DSC trace of CBS11OCT. 
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