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ABSTRACT

The synthesis and characterisation of the first eleven members of the 4’-(alkylthio)[1,1-biphenyl]-4-car bonitriles series is reported. All eleven members
show monotropic liquid crystal behaviour. The first six members are exclusively nematogenic, the seventh member shows nematic and smectic A phases,
and the higher homologues only smectic A behaviour. A comparison of their transitional behaviour with that of the corresponding alkyl and alkyloxy-
cyanobiphenyls reveals a new pattern of behaviour. Specifically, the nematic-isotropic transition temperatures show a large decrease on passing from the
methylthio to ethylthio homologues. This unexpected behaviour is interpreted in terms of chalcogen bonding.
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1. Introduction

Some thirty years ago, Kato and Fréchet reported that enhanced liquid crystalline behaviour may be achieved through the formation of hydrogen-
bonded complexes between different hydrogen bond acceptors and donors [1]. This seminal study triggered intense global research activity, and
hydrogen bonding continues to be used extensively in the design of liquid crystals (see, for example, [2-6]). Fifteen years later, Bruce and colleagues
returned to the supramolecular toolbox and used halogen-bonding to construct liquid crystal materials from dissimilar components [7]. Again, this
remains a highly active area of research (see, for example, [8-12]). Both hydrogen and halogen bonding are examples of an electron donor interacting
with an electrophilic region of an electron acceptor. A third type of non-covalent bond in this class of attractive interactions is the chalcogen bond
[13]. It has been suggested that electrostatic interactions are dominant in the formation of chalcogen bonds between sulfur atoms, and arise
because chalcogen atoms, including sulfur, have regions of both positive (r-hole) and negative electrostatic potentials on their surfaces [14]. Recently,
chalcogen-bonding has been exploited in the design of supramolecular solid-state functional materials [15-17] and utilised in synthesis and in the design
of catalysts [18].

Nematogens containing terminal alkylthio chains are highly topical due to their high values of birefringence arising from the highly polarisable
sulfur atom (see, for example,[19-23]). Highly birefringent nematogens have the potential not only to improve liquid crystal display technology, but
also have an important role to play in emerging technologies such as liquid crystal lasers and lenses. At a fundamental level, the introduction of the thio
linkage is providing a demanding challenge to our understanding of the relationships between molecular structure and liquid crystalline behaviour
(see, for example,[24-27]).

Here, we report the synthesis and characterisation of the 4-(a lkylthio)[l,lv-biphenyl]-4-carbonitriles,

and refer to them using the acronym nSCB in which n represents the number of carbon atoms in the alkyl chain. In order to establish the effects of the
thio linkage on liquid crystalline behaviour, we compare the properties of the nSCB series with those of the extensively studied 4'-(alkyl)[1,1'-
biphenyl]-4-carbonitriles (nCB), and 4'-(alkyloxy)[1,1'-biphenyl]-4-carbonitriles (nOCB) [28],

We show that the shortest members of the nSCB series exhibit anomalous transitional behaviour and interpret this in terms of
chalcogen bonding.

2. Experimental
2.1. Synthesis

The synthetic route used to prepare the nSCB series is shown in Scheme 1. A detailed description of the preparation of the nSCB series,
including the structural characterisation data for all inter-mediates and final products, is provided in the Supplementary Information.
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Scheme 1. Synthesis of the nSCB series.
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2.2. Thermal characterisation

The transitional properties of the nSCB series were determined using differential scanning calorimetry using a Mettler Toledo DSC3 differential scanning

calorimeter equipped with a TSO 801RO sample robot. Calibration was performed using indium as the standard. Heating and cooling rates were 10 °C min

-1 and all samples were measured under a nitrogen atmosphere. Transition temperatures and associated enthalpy changes were extracted from heating traces
unless otherwise noted. For each sample, two aliquots were measured, and the data listed are the averages of the sets of data. Phase identification was

performed using polarised light microscopy using an Olympus BH2 polarising opti-cal microscope equipped with a Linkam TMS 92 hot stage. All optical
textures have been obtained using untreated glass slides unless stated otherwise.

2.3. Molecular modelling

Geometry optimisation was carried out using DFT calculations with Gaussian09 software.[29] Optimisation of non-sulfur com-pounds was carried out at
the at the B3LYP/6-31G(d) level of theory, while the optimisation of compounds containing sulfur was performed at the at the B3LYP/6-311G(d,p) level to
account for the additional electronic orbitals. Comparison of the results of optimisation for methylene- and ether-linked dimers at the B3LYP/6-311G(d,p)
and the 6-31G(d) levels have been previously reported to show no discernible difference in the geometries found, so this allowed the B3LYP/6-31G(d) level to
be used for the non-sulfur compounds [26]. Visualisation of electronic surfaces were generated from the optimised geometries using the GaussView 5 soft-
ware, and visualisation of the space-filling and ball-and-stick models were produced post-optimisation using the QuteMol package [30].



3. Results and discussion

The transitional properties of the nSCB series are listed in Table 1. The transition temperatures for 4SCB are in excellent agreement with those reported
previously [31]. The liquid crystal phases were identified on the basis of the observation of characteristic optical textures when viewed under the polarised light
microscope. Specifically, for nematic phases, a schlieren texture was observed containing both two- and four-brush point singularities, see Fig. 1(a) and which
flashed when subjected to mechanical stress. On cooling the nematic phase shown by 7SCB, focal conic fans developed in coexistence with homeotropically
aligned regions indicative of the smectic A phase. For n > 7, on cooling the isotropic phase, focal conic fans developed and again co-existed with regions of
homeotropic alignment, see Fig. 1(b), strongly suggesting a smectic A-isotropic phase transition.

All eleven members of the nSCB series exhibit monotropic liquid crystal behaviour. For n = 1-6, a nematic phase is observed, for 7SCB smectic A and
nematic phases are seen, and for n > 7, nematic behaviour is extinguished and only a smectic A phase is exhibited. The dependence of the transition
temperatures on the length of the alkyl chain, n, is shown in Fig. 2. The melting point falls initially on increasing n, passes through a minimum for 5SCB, and
then increases gradually over the remaining members. The nematic-isotropic transition temperature, TNT, falls rapidly over the first three members and then
increases to 7SCB. Superimposed on this increasing trend is an alternation in which the even members exhibit the higher values. The smectic A-isotropic
transition temperature, TSmAJ, increases without alternation over the remaining members of the series.

The transition temperatures of the nSCB series are compared with those of the nCB and nOCB series in Fig. 3. For the nCB and nOCB series, only nematic
behaviour is observed for n = 1-7, smectic A and nematic phases are seen for n = 8 and 9, and the longer homologues exhibit exclusively smectic A behaviour
[28,32]. In order to make meaningful comparisons between these three series, the transition temperatures for homologues having the same total chain length
should be compared such that the properties of members of the nSCB and nOCB series are compared to those of the corresponding (n + 1)CB homologue. If
we first consider the behaviour of the nOCB series, the values of TNJ show an alternation on increasing n, the so-called odd-even effect, in which the even
members have the higher values. This effect attenuates on increasing, n,

Table 1
The transition temperatures and associated changes in entropy of the nSCB series. Cr crystal; SmA smectic A phase; N nematic phase; I isotropic phase.
n Ten [ C Tsman [ T Tsmai | C T [T AScr [ R ASni [ R
1 135 78* 3.75
2 82 53 6.34 0.19
3 63 17* 7.34
4 64 36 7.36 0.12
5 55 27* 7.48
6 63 43* 8.13
7 65 37* 39* 9.29
8 67 49* 10.79
9 70 54* 11.69
10 74 58* 13.32
11 78 62* 17.28

*Measured by microscopy.

(a) ' (b)

Fig. 1. The optical textures seen using polarised light microscopy for (a) the schlieren texture of the nematic phase shown by 6SCB (T = 42 C), and (b) the focal conic fan
texture in co-existence with homeotropic regions seen for the smectic A phase for 8SCB (T = 48 C).
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and the values of TSmATI increase over the final three members of the nOCB series without alternation. The effect of increasing the length of a terminal chain
on TNI is two-fold: first, the shape anisotropy of the molecule is enhanced increasing TNI, and second, the interactions between the mesogenic cores are
diluted decreasing TNI [33]. The net effect of increasing the chain length depends on the strength of the interactions between the mesogenic cores. If the cores
are large, for example three ring systems, then the dilution effect dominates and TNI falls on increasing n. Alternatively, if the cores are small, such as the two-
ring systems we are considering here, then the increase in shape anisotropy dominates and TNI increases. Superimposed on this increasing trend we see an
odd-even effect. This may be attributed to differences in the average shapes of molecules containing either odd- or even-membered chains. For an alkyloxy
chain containing an even number of carbonatoms, the CH2-CH3 bond lies essentially parallel to the long axis of the mesogenic unit whereas for an odd
number of carbon atoms, this bond lies at an angle to the major mesogenic unit axis. This alternation in shape is manifested in the alternation in TNT [34].
Essentially identical behaviour is observed for the nCB series when plotted against (n + 1). It is striking that the dependence of the transition temperatures seen
for the nSCB series deviates from this archetypal behaviour (Fig. 3). Specifically, a pronounced decrease in TNI is observed on passing from 1SCB to 2SCB
rather than the anticipated increase.

The values of TNT and TSmAT are consistently higher for the nOCB series than for the corresponding members of the nCB series (Fig. 3). This is
a wholly general observation and may be accounted for again in terms of the average shapes of these molecules. An alkyloxy chain lies more or less in-
plane with the mesogenic unit it is attached to, whereas an alkyl chain protrudes at some angle (Fig. 4) [35,36]. The enhanced shape anisotropy of
the former accounts for the higher TNT observed. The values of TNJ for 1SCB and 2SCB are considerably higher than those of the corresponding
members of the nCB series. Indeed, 10CB and 1SCB show similar values of TNI and some 60C higher than that of 2CB. Adding a methylene
group sees an increase in TNJ moving to 20CB and 3CB but a decrease for 2SCB. Increasing the chain further, and the values of TNT are
essentially identical for 3SCB and 4CB and con-siderably lower than that of 30CB. For n > 3, the clearing temperatures exhibited by the nSCB series are
very similar to those seen for the corresponding members of the nCB series (Fig. 3) even though the alkylthio chain lies in the plane of the
benzene ring to which it is attached [37].

We have seen that the values of TNI for 1SCB and 2SCB cannot be accounted for within the framework used to describe the dependence of TNI on the
length of a terminal alkyl chain in low molarmass liquid crystals. The values of TNT are considerably higher than expected for both 1SCB and 2SCB and a
surprising decrease in TN] is observed on passing from 1SCB to 2SCB. This unexpected fall in TNT between the first and second members of an alkylthio-
substituted series has been reported elsewhere but without comment[20,38]. To our knowledge, however, the nSCB series is the only complete homologous
series of alkylthio-substituted compounds for which liquid crystal behaviour is observed for all the members, and in consequence, this study has revealed, for
the first time, this anomalous transitional behaviour (Fig. 2). We note, however, that the anomalous behaviour has been reported for a hydrogen bonded set of
materials but again without comment [39]. To account for the unexpectedly high values of TNT we must invoke an additional intermolecular interaction
within the nematic phase shown by 1SCB and 2SCB, and propose that this is chalcogen bonding. The chalcogen bond is a directional and attractive
electrostatic interaction between regions of positive (r-hole) and negative electrostatic potentials on the surfaces of the sulfur atoms. The electrostatic potential
surface for 1SCB is shown in Fig. 5 and the regions of positive and negative potential on the sulfur atom are clearly evident. An analysis of crystal structures
containing cysteine fragments coupled with quantum chemical calculations on model systems revealed that parallel orientations of the two inter-acting
fragments is the preferred arrangement, and that this is sta-bilised, to some extent, by the attractive r-hole interaction [14]. It would appear reasonable to
assume that the orientationally ordered liquid crystal environment would also preferentially select such elongated molecular dimers as shown schematically in
Fig. 6.



Fig. 4. A comparison of the shapes of (a) 30CB, (b) 3SCB and (c) 4CB showing the effect of rotating about the bond between the terminal chain and the phenyl ring.
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Fig. 5. The electrostatic potential surfaces for (a) 1SCB and (b) 3SCB calculated at the B3LYP/6-311G(d,p) level of theory.

Fig. 6. An elongated molecular dimer consisting of two 2SCB molecules stabilised by a chalcogen bond.

These molecular dimers, in turn, will interact in an antiparallel fashion driven by the electrostatic interaction between the polar and polarizable
cyanobiphenyl groups. In order to, at least semi-quantitatively, estimate the strength of this interaction, we calcu-lated the total energy for pairs of 1SCB,
10CB, and 2CB molecules as a function of the distance between them, see Fig. 7(a). The energy calculations for the two interacting molecules were performed
at intervals of 0.2 A starting at 6.0 A. The calculations were carried out at the B3LYP 6-311G(d, p) level of theory with counterpoise correction and the D3
dispersion correction [40]. These calcula-tions reveal that the 1SCB pair of molecules is the most stable of the three, and the calculated minima corresponds
well to measured S-S distances. It is also apparent that these calculations reveal essentially identical total energies for the 10CB and 2CB pairs of molecules.
The molecular arrangements corresponding to the energy minima are shown in Fig. 7(b). These data strongly support the view that the chalcogen bond
accounts for the much higher values of TNI seen for 1SCB and 2SCB than for their nCB counterparts.

On increasing the length of the terminal chain in the molecular dimer stabilised by chalcogen bonding (Fig. 6), the chain necessarily interacts with the
biphenyl units which is entropically unfavourable, and also prevents the interaction between the cyanobphenyl units. In addition, the differing regions of
electrostatic potential on the sulfur atom become less well defined as shown for 3SCB (Fig. 5).
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These steric and electronic considerations weaken the chalcogen bond, and TNT falls sharply between 1SCB and 3SCB. The similarity in behaviour between
the nSCB and nCB series for longer chains supports the view that the chalcogen bonding is no longer as significant. There are insufficient data available,
however, to comment generally on the effect on the clearing temperature of exchanging an alkyl for alkylthio chain of the same overall length. It would be
expected that the enhanced flexibility and smaller C-S-C bond angle for the alkylthio chain would serve to decrease the clearing temperature (Fig. 4).
Countering this reduction is the enhanced anisotropic polarizability arising from the introduction of the sulfur atom which would be expected to increase the
interactions between the mesogenic cores and increase the clearing temperature. Indeed substituting sulfur for oxygen in chalcogeno esters resulted in an
increase in the clearing temperature, and this was attributed to the associated increase in the anisotropic polarizability [40]. The similarity in the clearing
temperatures of the nSCB and nCB series for longer chain lengths suggests that these opposing contributions are more or less balanced. This view is consistent
with the observation that the lateral separation in nematic phases formed by alkylthio-containing materials is slightly smaller than that between the analogous
alkyloxy-substituted materials [20,41] and that alkylthio-containing materials have a strong ten-dency to exhibit cybotactic behaviour in the nematic phase
[19,20,41,42]. Both observations suggest stronger interactions between the mesogenic units. It has also been suggested that the strong temperature dependence
of the birefringence measured for alkylthio-containing nematogens may be attributed, at least in part, to sulfur-sulfur interactions [21,43].



4. Conclusions

Our understanding of chalcogen-bonding interactions and their role in determining liquid crystalline behaviour is at an embryonic stage. Much work
needs to be done to establish the steric and electronic factors that influence this newest of tools in the design of liquid crystals having tailored properties with
application potential in a range of diverse areas. The challenge is to establish whether chalcogen bonding can be used in the design of new mesogenic
materials in a similar fashion to hydrogen bonding and halogen bonding, and extend the chemist’s toolbox in the search for new materials. In the case of
hydrogen and halogen bonding, these interactions are used to assemble what may be considered to be the mesogenic core of a supramolecular complex and
which exists in a dynamic equilibrium with the donor and acceptor [44,45]. It appears more likely that, given the relative strength and geometric

constraints of the chalcogen bond, the emerging role of chalcogen bonding will be to modify existing liquid crystalline behaviour rather than to induce it in
mixtures of non-mesogenic components.
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1.0 General Information

1.0.1 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.

1.0.2 Thin Layer Chromatography

Reactions were monitored using thin layer chromatography, and the appropriate solvent
system, using aluminium-backed plates with a coating of Merck Kieselgel 60 F254 silica
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.

1.0.3 Column Chromatography
For normal phase column chromatography, the separations were carried out using silica gel
grade 60 A, 40-63 um particle size, purchased from Fluorochem and using an appropriate

solvent system.

1.0.4 Structure Characterisation

All final products and intermediates that were synthesised were characterised using 'H NMR,
13C NMR and infrared spectroscopies. The 'H and '*C NMR spectra were recorded on either
a 400 MHz Bruker Avance III HD NMR spectrometer, or a 300 MHz Bruker Ultrashield
NMR spectrometer. The infrared spectra were recorded on a Thermal Scientific Nicolet

IR100 FTIR spectrometer with an ATR diamond cell.

1.0.5 Purity Analysis

In order to determine the purity of the final products, elemental analysis was used. C, H, N, S
microanalysis were carried out by the Elemental Analysis Service at OEA Laboratories
Limited using a CE Instruments EA1110 CHNS-O Elemental Analyser. The instrument was

calibrated using series of different weights of sulphanilamide and acetanilide.
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Scheme 1.1. Synthesis of nSCB.

1.1 1-Bromo-4-(alkylthio)benzenes

To a pre-dried flask flushed with argon, 4-bromothiophenol (1.1 eq, 1.00 g, 5.29%x10 mol) was
added. Sodium hydroxide (1.32 eq, 0.254 g, 6.35x10” mol) in ethanol (40 mL), sonicated to
ensure all the solid was in solution, was added and the reaction mixture was stirred for 2 h at
room temperature. The appropriate 1-bromoalkane (1.0 eq) was added to the flask and the
reaction mixture was stirred at room temperature for 24 h. The quantities of 1-bromoalkane
used in each reaction are listed in Table 1.1. During the course of the reaction a white
precipitate, sodium bromide, formed. The extent of the reaction was monitored by TLC using
30 % 40:60 petroleum ether and 70 % dichloromethane as the solvent system (RF values quoted
in the product data). At the end of the reaction the sodium bromide solid was removed using
vacuum filtration and collected solvent was evaporated under vacuum to leave the desired

product as either a colourless oil or a white solid, which was used without further purification.



Table 1.1. Quantities of 1-bromoalkane used in the syntheses of 1-bromo-4-(alkylthio)benzenes

(1.1).

1-Bromoalkane

0.36 mL, 0.524 g, 4.81x10° mol
0.44 mL, 0.592 g, 4.81x10 mol
0.52 mL, 0.659 g, 4.81x10* mol
0.60 mL, 0.727 g, 4.81x10* mol
0.68 mL, 0.794 g, 4.81x10* mol
0.76 mL, 0.861 g, 4.81x10* mol
0.83 mL, 0.928 g, 4.81x10 mol
0.92 mL, 1.00 g, 4.81x10 mol
1.00 mL, 1.06 g, 4.81x10 mol
1.07 mL, 1.13 g, 4.81x10* mol

O 0| | O | | W | I

—
(e}

—
—

1-Bromo-4-(methylthio)benzene - Was purchased commercially from Sigma Aldrich and used

without further purification.

1.1.1 1-Bromo-4-(ethylthio)benzene

Colourless oil. Yield: 0.893 g, 85.5 %. RF: 0.76

Vma/em: 2972, 2926, 2869, 1472, 1447, 1386, 1264, 1091, 1069, 1005, 805, 763, 728, 508,
478

ou/ppm (400 MHz, CDCls): 7.39 (2 H, d, J 7.8 Hz, Ar-H), 7.18 (2 H, d, J 7.8 Hz, Ar-H), 2.92
(2 H, quart, J 7.4 Hz, S-CH»-CH3), 1.30 3 H, t, J 7.4 Hz, S-CH>-CH,)

dc/ppm (100 MHz, CDCls): 135.90, 131.85, 130.49, 119.51, 27.73, 14.25

Data consistent with reported values !

1.1.2 1-Bromo-4-(propylthio)benzene

Colourless oil. Yield: 1.00 g, 89.9 %. RF: 0.74

Vma/em: 2961, 2929, 2871, 1472, 1386, 1290, 1237, 1091, 1069, 1006, 804, 728, 507, 479
du/ppm (400 MHz, CDCls): 7.39 (2 H, d, J 7.9 Hz, Ar-H), 7.18 (2 H, d, J 7.9 Hz, Ar-H), 2.88
(2 H,t,J 7.3 Hz, S-CH»-CH»-), 1.66 (2 H, sext, J 7.3 Hz, S-CH»-CH»-CH3), 1.02 3 H, t,J 7.3
Hz, S-CH-CH»>-CH3)

dc/ppm (100 MHz, CDCls): 136.22, 131.83, 130.45, 119.40, 35.68, 22.40, 13.41

Data consistent with reported values !



1.1.3 1-Bromo-4-(butylthio)benzene

Colourless oil. Yield: 1.09 g, 92.4 %. RF: 0.74

vmar/em’': 2956, 2928, 2871, 1472, 1436, 1385, 1091, 1069, 1006, 804, 728, 508, 479

dn/ppm (400 MHz, CDCls): 7.39 (2 H, d, J 7.7 Hz, Ar-H), 7.17 (2 H, d, J 7.7 Hz, Ar-H), 2.89
(2H,t,J 7.4 Hz, S-CH,-CH>-), 1.62 (2 H, quin, J 7.4 Hz, S-CH>-CH,-CH>-), 1.44 (2 H, sext, J
7.4 Hz, S-CH»-CH»-CH»-CH3), 0.92 (3 H, t, J 7.4 Hz, S-CH>-CH>-CH>-CH3)

dc/ppm (100 MHz, CDCls): 136.32, 131.83, 130.33, 119.35, 33.35, 31.08, 21.94, 13.64

Data consistent with reported values ?

1.1.4 1-Bromo-4-(pentylthio)benzene

Colourless oil. Yield: 1.20 g, 96.2 %. RF: 0.74

vmax/em™': 2954, 2927, 2857, 1473, 1385, 1092, 1069, 1006, 804, 728, 509, 479

on/ppm (400 MHz, CDCls): 7.39 (2 H, d, J 7.9 Hz, Ar-H), 7.17 (2 H, d, J 7.9 Hz, Ar-H), 2.88
(2H,t,J 7.4 Hz, S-CH»-CH>-), 1.63 (2 H, quin, J 7.4 Hz, S-CH>-CH»-CH>-), 1.36 (4 H, m, S-
CH,-CH,-CH,-CH»-CH3), 0.90 (3 H, t, J 6.7 Hz, S-CH»-CH2-CH,-CH>-CH3)

dc/ppm (100 MHz, CDCls): 136.34, 131.82, 130.30, 119.34, 33.63, 30.98, 28.70, 22.25, 13.98

115 1-Bromo-4-(hexylthio)benzene

Colourless oil. Yield: 0.341 g, 25.9 %. RF: 0.74

vma/em’': 2954, 2926, 2855, 1473, 1385, 1092, 1069, 1006, 804, 727, 479

on/ppm (400 MHz, CDCls): 7.38 (2 H, d, J 7.9 Hz, Ar-H), 7.17 (2 H, d, J 7.9 Hz, Ar-H), 2.88
(2H,t,J 7.5 Hz, S-CH>-CH»-), 1.63 (2 H, quin, J 7.5 Hz, S-CH2-CH-CH>-), 1.41 (2 H, quin,
J 7.5 Hz, S-CH>-CH»-CH,-CH>-), 1.27 (4 H, m, S-CH»-CH,-CH»-CH»-CH»-CH3), 0.89 (3 H,
t, J 7.0 Hz, S-CH»-CH,-CH»-CH>-CH,-CH3)

dc/ppm (100 MHz, CDCl3): 136.33, 131.82, 130.32, 119.34, 33.67, 31.35, 28.98, 28.49, 22.54,
14.03

1.1.6 1-Bromo-4-(heptylthio)benzene

Colourless oil. Yield: 1.14 g, 82.5 %. RF: 0.74

Vma/em’: 2953, 2924, 2853, 1473, 1386, 1092, 1069, 1006, 804, 727, 479

ou/ppm (400 MHz, CDCls): 7.38 (2 H, d, J 7.9 Hz, Ar-H), 7.17 (2 H, d, J 7.9 Hz, Ar-H), 2.89
(2 H,t,J 7.4 Hz, S-CH>-CH>»-), 1.63 (2 H, quin, J 7.4 Hz, S-CH>-CH-CH>-), 1.41 (2 H, quin,



J 7.4 Hz, S-CHa-CHa-CH,-CHy-), 1.29 (6 H, m, S-CHa-CHa-CH,-CH,-CH,-CH,-CHs), 0.88 (3
H,t, J 6.7 Hz, S-CH,-CH,-CH,-CH,-CHo-CH,-CHs)

Sc/ppm (100 MHz, CDCls): 136.34, 131.82, 130.32, 119.34, 33.67, 31.70, 29.01, 28.83, 28.77,
22.60, 14.09

1.1.7 1-Bromo-4-(octylthio)benzene

White solid. Yield: 1.26 g, 86.9 %. RF: 0.74. MP: 26 °C

vma/em™': 2950, 2922, 2849, 1470, 1425, 1386, 1282, 1094, 1069, 1006, 803, 753, 722, 515,
479

dn/ppm (400 MHz, CDCls): 7.38 (2 H, d, J 7.7 Hz, Ar-H), 7.17 (2 H, d, J 7.7 Hz, Ar-H), 2.89
(2 H,t,J 7.4 Hz, S-CH>-CH>»-), 1.63 (2 H, quin, J 7.4 Hz, S-CH>-CH-CH>-), 1.41 (2 H, quin,
J 7.4 Hz, S-CH>-CH2-CH»-CH>»-), 1.27 (8 H, m, S-CH2-CH>-CH2-CH,-CH,-CH»-CH,-CH3),
0.88 (3 H, t, J 6.9 Hz, S-CH>-CH>-CH»>-CH>-CH>-CH2-CH»-CH3)

dc/ppm (100 MHz, CDCl3): 136.34, 131.82, 130.32, 119.34, 33.67, 31.80, 29.17, 29.12, 29.01,
28.81,22.66, 14.11

1.1.8 1-Bromo-4-(nonylthio)benzene

White solid. Yield: 1.31 g, 86.4 %. RF: 0.74. MP: 31 °C

vma/em™': 2951, 2917, 2849, 1473, 1463, 1385, 1264, 1091, 1073, 1005, 805, 728, 719, 512,
485, 474

on/ppm (400 MHz, CDCls): 7.38 (2 H, d, J 7.8 Hz, Ar-H), 7.17 (2 H, d, J 7.8 Hz, Ar-H), 2.88
(2H,t,J 7.5 Hz, S-CH>-CH»-), 1.62 (2 H, quin, J 7.5 Hz, S-CH2-CH»-CH>-), 1.40 (2 H, quin,
J 7.5, S-CH2-CH2-CHz-CH>-), 1.27 (10 H, m, S-CH:;-CH2-CH>-CH,-CH>-CH,-CH»-CH>-
CHs), 0.88 (3 H, t, J 6.8 Hz, S-CH»-CH>-CH>-CH>-CH>-CH>-CH>-CH»>-CH3)

dc/ppm (100 MHz, CDCl3): 136.33, 131.82, 130.33, 119.34, 33.67, 31.86, 29.45, 29.24, 29.15,
29.01, 28.80, 22.68, 14.12

1.1.9 1-Bromo-4-(decylthio)benzene

White solid. Yield: 1.39 g, 87.7 %. RF: 0.72. MP: 37 °C

vma/em: 2950, 2916, 2846, 1467, 1384, 1093, 1068, 1005, 803, 721, 514, 480, 475

on/ppm (400 MHz, CDCls): 7.38 (2 H, d, J 8.1 Hz, Ar-H), 7.17 (2 H, d, J 8.1 Hz, Ar-H), 2.88
(2 H,t,J 7.4 Hz, S-CH>-CH>»-), 1.63 (2 H, quin, J 7.4 Hz, S-CH>-CH-CH>-), 1.40 (2 H, quin,
J 7.4 Hz, S-CH,-CH2-CH»-CH>»-), 1.26 (12 H, m, S-CH»-CH>-CH>-CH-CH»-CH,-CH»-CH>-
CH»-CH3), 0.88 (3 H, t, J 7.0 Hz, S-CH2-CH2-CH>-CH>-CH>-CH»>-CH>-CH>-CH2-CH3)




dc/ppm (100 MHz, CDCls): 136.32, 131.82, 130.32, 119.33, 33.67, 31.89, 29.53, 29.49, 29.31,
29.15, 29.00, 28.80, 22.69, 14.13

1.1.10 1-Bromo-4-(undecylthio)benzene

White solid. Yield: 1.55 g, 93.8 %. RF: 0.72. MP: 41 °C

Vma/em: 2951, 2916, 2848, 1472, 1462, 1385, 1091, 1074, 1005, 806, 728, 718, 515, 485, 474
on/ppm (400 MHz, CDCls): 7.38 (2 H, d, J 8.1 Hz, Ar-H), 7.17 (2 H, d, J 8.1 Hz, Ar-H), 2.88
(2 H,t,J 7.4 Hz, S-CH,-CH>»-), 1.62 (2 H, quin, J 7.4 Hz, S-CH>-CH-CH>-), 1.40 (2 H, quin,
J 7.4 Hz, S-CH,-CH2-CH»-CH>»-), 1.26 (14 H, m, S-CH-CH>-CH>-CH,-CH»-CH,-CH»-CH>-
CH»-CH»-CH3), 0.88 (3 H, t, J 7.0 Hz, S-CH»-CH2-CH>-CH>-CH>-CH>-CH>-CH»-CH>-CH>-
CHs)

dc/ppm (100 MHz, CDCls): 136.33, 131.82, 130.32, 119.33, 33.67, 31.91, 29.60, 29.58, 29.49,
29.34, 29.15, 29.00, 28.80, 22.70, 14.13

1.2 4'-(Alkylthio)[1,1'-biphenyl]-4-carbonitriles (rSCB)

To a pre-dried flask fitted with a condenser and flushed with argon, compound 1.1 (1 eq), 4-
cyanophenylboronic acid (1.1 eq) and tetrakis(triphenylphosphine)palladium(0) (0.025 eq)
were added. A mixture of aqueous sodium carbonate (2 M, 10 mL), ethanol (5 mL) and toluene
(40 mL) was added, and the reaction mixture was heated to 85 °C for 24 hours with stirring.
The quantities of the reagents used in each reaction are listed in Table 1.2. The reaction mixture
was cooled to room temperature and 32 % hydrochloric acid (5 mL) was added dropwise until
effervescence was no longer observed. The resulting mixture was filtered using vacuum
filtration to remove the palladium catalyst, and the solvents removed under vacuum. Water
(100 mL) and dichloromethane (100 mL) were added to the solid obtained. The organic layer
was washed with water (2 x 50 mL) and dried over anhydrous magnesium sulphate. The
magnesium sulphate was removed by vacuum filtration and the solvent removed under vacuum
to give a brown/tan solid. The crude product was purified using a silica gel column with 30 %
40:60 petroleum ether and 70 % dichloromethane as eluent (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 ethanol (20 mL). Due to slight solubility with ethanol, the flask for

recrystallisation was placed in ice prior to vacuum filtration.



Table 1.2. Quantities of reagents used in the syntheses of the 4'-(alkylthio)-[1,1'-biphenyl]-4-

carbonitriles (1.2).

n (1.1) 4-Cyanophenylboronic acid | Tetrakis(triphenylphosphine)
palladium(0)
1 0.80 g, 3.94x10~ mol 0.636 g, 4.33x10 mol 0.114 g, 9.85x10° mol
2 0.75 g, 3.47x10° mol 0.561 g, 3.82x10 mol 0.100 g, 8.68x10~ mol
3 0.80 g, 3.48x10" mol 0.558 g, 3.80x10* mol 0.100 g, 8.65x107° mol
4 0.85 g, 3.47x10” mol 0.561 g, 3.82x10° mol 0.100 g, 8.68x10°mol
5 1.10 g, 4.24x10° mol 0.686 g, 4.67x10° mol 0.122 g, 1.06x10** mol
6 0.30 g, 1.10x10~* mol 0.178 g, 1.21x10* mol 0.064 g, 5.50x10~ mol
7 0.95 g, 3.31x10° mol 0.535 g, 3.64x10 mol 0.096 g, 8.30x10~ mol
8 1.00 g, 3.32x10” mol 0.536 g, 3.65x10 mol 0.096 g, 8.30x10~ mol
9 1.10 g, 3.49x10” mol 0.564 g, 3.84x10 mol 0.101 g, 8.73x10° mol
10 1.20 g, 3.64x10° mol 0.589 g, 4.01x10 mol 0.105 g, 9.10x10"° mol
11 1.40 g, 4.08x10” mol 0.658 g, 44810 mol 0.118 g, 1.02x10"* mol
1.2.1 4'-(Methylthio)-[1,1'-biphenyl]-4-carbonitrile (1SCB)

Yield: 0.496 g, 55.8 %. RF: 0.38

Ter- 135 °C T (78 °C)

vmar/em': 2222, 1603, 1594, 1484, 1439, 1391, 1094, 850, 810, 733, 562, 522

ou/ppm (400 MHz, CDCl3): 7.71 (2 H, d, J 8.1 Hz, Ar-H), 7.66 (2 H, d, J 8.1 Hz, Ar-H), 7.52
(2H,d,J 7.9 Hz, Ar-H), 7.40 (2 H, d, J 7.9 Hz, Ar-H), 2.53 (3 H, s, S-CHa)

dc/ppm (100 MHz, CDCI3): 144.97, 139.86, 135.60, 132.65, 127.48, 127.30, 126.71, 118.96,
110.71, 15.52

Elemental Analysis: Calculated for Ci4H11NS: C = 74.63 %, H = 4.92 %, N = 6.45 %, S =
14.23 %; Found: C =75.00 %, H=5.01 %, N =6.26 %, S =14.25 %

1.2.2 4'-(Ethylthio)-[1,1'-biphenyl]-4-carbonitrile (2SCB)

Yield: 0.276 g, 33.2 %. RF: 0.42

Tecr- 82 °C T (53 °C)

vmar/em™': 2931, 2227, 1605, 1589, 1484, 1454, 1436, 1394, 1258, 1183, 1094, 998, 851, 811,
766, 558, 520



on/ppm (400 MHz, CDCls): 7.71 (2 H, d, J 7.9 Hz, Ar-H), 7.66 (2 H, d, J 7.9 Hz, Ar-H), 7.51
(2H,d,J7.7Hz, Ar-H), 7.40 2 H, d,J 7.7 Hz, Ar-H), 3.01 (2 H, quart, J 7.3 Hz, S-CH>-CH3),
1.37 (3 H,t,] 7.3 Hz, S-CH2-CHa)

dc/ppm (100 MHz, CDCI3): 144.95, 138.22, 136.19, 132.65, 128.72, 127.52, 127.35, 118.94,
110.79, 27.14, 14.26

Elemental Analysis: Calculated for CisHi3NS: C = 75.28 %, H = 5.48 %, N = 5.85 %, S =
13.40 %; Found: C =75.43 %, H=5.34 %, N=5.45 %, S=13.58 %

1.2.3 4'-(Propylthio)-[1,1'-biphenyl]-4-carbonitrile (3SCB)

Yield: 0.500 g, 56.7 %. RF: 0.41

Ter- 63 °C T (17 °C)

vma/em’': 2964, 2925, 2230, 1606, 1483, 1456, 1434, 1391, 1291, 1277, 1180, 1094, 1000,
855, 845, 808, 732, 561, 550, 521

on/ppm (400 MHz, CDCls): 7.71 (2 H, d, J 8.1 Hz, Ar-H), 7.65 (2 H, d, J 8.1 Hz, Ar-H), 7.50
(2H,d,J 7.8 Hz, Ar-H), 7.39 (2 H, d, J 7.8 Hz, Ar-H), 2.96 (2 H, t, J 7.3 Hz, S-CH,-CH>-),
1.72 (2 H, sext, J 7.3 Hz, S-CH»-CH,-CH3), 1.05 (3 H, t, J 7.3 Hz, S-CH>-CH>-CH3)

dc/ppm (100 MHz, CDCl3): 144.95, 138.54, 136.08, 132.64, 128.68, 127.49, 127.33, 118.95,
110.76, 35.07, 22.44, 13.49

Elemental Analysis: Calculated for Ci¢HisNS: C = 75.85 %, H = 5.97 %, N =5.53 %, S =
12.65 %; Found: C =75.92 %, H=5.92 %, N=5.12 %, S=12.67 %

1.2.4 4'-(Butylthio)-[1,1"-biphenyl]-4-carbonitrile (4SCB)

Yield: 0.456 g, 49.1 %. RF: 0.46

Ter- 64 °C T (36 °C)

Vma/em: 2958, 2871, 2228, 1594, 1485, 1463, 1433, 1396, 1272, 1184, 1097, 1000, 848, 810,
747,729, 559, 519, 456

on/ppm (400 MHz, CDCls): 7.72 (2 H, d, J 8.1 Hz, Ar-H), 7.66 (2 H, d, J 8.1 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), 2.99 (2 H, t, J 7.5 Hz, S-CH-CH>-),
1.68 (2 H, quin, J 7.5 Hz, S-CH>-CH,-CH2>-), 1.47 (2 H, m, S-CH>-CH>-CH>-CH3), 0.95 (3 H,
t, J 7.3 Hz, S-CH2-CH2-CH»2-CH3)

dc/ppm (100 MHz, CDCI3): 144.93, 138.66, 136.01, 132.64, 128.54, 127.49, 127.32, 118.96,
110.74, 32.72, 31.10, 22.03, 13.68

Elemental Analysis: Calculated for Ci7H17NS: C = 76.36 %, H = 6.41 %, N =5.24 %, S =
11.99 %; Found: C=76.43 %, H=6.29 %, N =491 %, S=11.71 %



1.2.5 4'-(Pentylthio)-[1,1'-biphenyl]-4-carbonitrile (5SCB)

Yield: 0.469 g, 39.3 %. RF: 0.48

Ter 55 °C T (27 °C)

vma/em™': 2955, 2925, 2856, 2234, 1591, 1484, 1464, 1396, 1186, 1099, 1001, 848, 808, 725,
558,519, 474

ou/ppm (400 MHz, CDCl3): 7.71 (2 H, d, J 8.0 Hz, Ar-H), 7.66 (2 H, d, J 8.0 Hz, Ar-H), 7.50
(2 H,d,J 7.8 Hz, Ar-H), 7.39 (2 H, d, J 7.8 Hz, Ar-H), 2.97 (2 H, t, ] 7.5 Hz, S-CH,-CH>-),
1.69 (2 H, quin, J 7.5 Hz, S-CH>-CH,-CH>-), 1.40 (4 H, m , S-CH»-CH,-CH»-CH,-CH3), 0.91
(3 H, t,J 7.0 Hz, S-CH,-CH>-CH>-CH>-CH3)

dc/ppm (100 MHz, CDCI3): 144.97, 138.64, 136.05, 132.64, 128.56, 127.49, 127.33, 118.95,
110.76, 33.03, 31.05, 28.73, 22.27, 13.98

Elemental Analysis: Calculated for CigHi9NS: C = 76.82 %, H = 6.81 %, N =4.98 %, S =
11.39 %; Found: C =77.12 %, H=6.74 %, N =4.66 %, S=11.27 %

1.2.6 4'-(Hexylthio)-[1,1'-biphenyl]-4-carbonitrile (6SCB)

Yield: 0.180 g, 45.4 %. RF: 0.43

Ter- 63 °C T (43 °C)

vma/em: 2953, 2924, 2854, 2235, 1590, 1485, 1456, 1395, 1185, 1099, 1000, 849, 809, 723,
558,519, 468

dn/ppm (400 MHz, CDCl3): 7.72 (2 H, d, J 8.3 Hz, Ar-H), 7.66 (2 H, d, J 8.3 Hz, Ar-H), 7.51
(2 H, d, J 8.3 Hz, Ar-H), 7.39 (2 H, d, J 8.3 Hz, Ar-H), 2.97 (2 H, t, J 7.4 Hz, S-CH»-CH>-),
1.69 (2 H, quin, J 7.4 Hz, S-CH»-CH»-CH>-), 1.46 (2 H, quin, J 7.4 Hz, S-CH>-CH>-CH,-CH2>-),
1.31 (4 H, m, S-CH»-CH»-CH»>-CH»-CH»-CH3), 0.89 (3 H, t, J 7.0 Hz, S-CH>-CH>-CH>-CH>-
CH>-CHs)

dc/ppm (100 MHz, CDCI3): 144.97, 138.65, 136.05, 132.64, 128.57, 127.49, 127.33, 118.95,
110.76, 33.06, 31.37, 29.00, 28.57, 22.55, 14.03

Elemental Analysis: Calculated for Ci9H>1NS: C = 77.24 %, H = 7.16 %, N = 4.74 %, S =
10.85 %; Found: C =77.66 %, H="7.11 %, N=4.37 %, S = 10.44 %

1.2.7 4'-(Heptylthio)-[1,1'-biphenyl]-4-carbonitrile (7SCB)

Yield: 0.318 g, 31.0 %. RF: 0.46

Tcr- 65 °C Tsman (37 °C) T (39 °C)

Vma/em: 2953, 2924, 2853, 2234, 1595, 1484, 1462, 1391, 1186, 1096, 1020, 1001, 849, 812,
733,718, 562, 522, 457
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du/ppm (400 MHz, CDCls): 7.72 (2 H, d, J 7.9 Hz, Ar-H), 7.66 (2 H, d, J 7.9 Hz, Ar-H), 7.51
(2 H,d,J 7.6 Hz, Ar-H), 7.39 (2 H, d, J 7.6 Hz, Ar-H), 2.97 (2 H, t, J 7.3 Hz, S-CH»-CH>-),
1.68 (2 H, quin, J 7.3 Hz, S-CH2-CH»-CH>-), 1.44 (2 H, quin, J 7.3 Hz, S-CH>-CH>-CH>-CHz>-),
1.27 (6 H, m, S-CH>-CH»-CH»-CH-CH,-CH»-CH3), 0.88 (3 H, t, J 6.9 Hz, S-CH,-CH>-CHz-
CH2-CH2-CH2-CH3)

dc/ppm (100 MHz, CDCI3): 144.97, 138.66, 136.05, 132.64, 128.57, 127.49, 127.33, 118.95,
110.76, 33.06, 31.71, 29.04, 28.85 (2 x C), 22.60, 14.09

Elemental Analysis: Calculated for C20H23NS: C = 77.62 %, H = 7.49 %, N =4.53 %, S =
10.36 %; Found: C =77.49 %, H=7.45 %, N=4.22 %, S=10.24 %

1.2.8 4'-(Octylthio)-[1,1'-biphenyl]-4-carbonitrile (§SCB)

Yield: 0.541 g, 50.4 %. RF: 0.49

Tcr- 67 °C Tsmai (49 °C)

vma/em: 2953, 2921, 2852, 2235, 1591, 1485, 1464, 1380, 1186, 1099, 1001, 849, 809, 722,
717,558, 520

du/ppm (400 MHz, CDCl3): 7.71 (2 H, d, J 8.1 Hz, Ar-H), 7.66 (2 H, d, J 8.1 Hz, Ar-H), 7.50
(2 H,d,J 7.9 Hz, Ar-H), 7.39 (2 H, d, J] 7.9 Hz, Ar-H), 2.97 (2 H, t, J 7.5 Hz, S-CH»-CH>-),
1.69 (2 H, quin, J 7.5 Hz, S-CH»-CH»-CH>-), 1.45 (2 H, quin, J 7.5 Hz, S-CH>-CH,-CH,-CH2>-),
1.29 (8 H, m, S-CH,-CH»-CH,-CH,-CH>-CH»-CH»-CH3), 0.88 (3 H Hz, t, J 6.9, S-CH»-CH>»-
CH»-CH»-CH»-CH»-CH>-CH3)

dc/ppm (100 MHz, CDCI3): 144.97, 138.66, 136.05, 132.64, 128.57, 127.49, 127.33, 118.95,
110.76, 33.06, 31.80, 29.17, 29.14, 29.03, 28.89, 22.65, 14.11

Elemental Analysis: Calculated for C21H2sNS: C=77.97 %, H=7.79 %, N =4.33 %, S =9.91
%; Found: C = 78.34 %, H=7.74 %, N =4.26 %, S = 9.57 %

1.2.9 4'-(Nonylthio)-[1,1'-biphenyl]-4-carbonitrile (9SCB)

Yield: 0.295 g, 25.0 %. RF: 0.51

Tcr- 70 °C Tsmar (54 °C)

vma/em: 2954, 2921, 2850, 2234, 1595, 1485, 1461, 1391, 1185, 1095, 1001, 849, 812, 728,
717,561, 522

on/ppm (400 MHz, CDCls): 7.71 (2 H, d, J 8.1 Hz, Ar-H), 7.66 (2 H, d, J 8.1 Hz, Ar-H), 7.50
(2 H,d, J 8.0 Hz, Ar-H), 7.39 (2 H, d, J 8.0 Hz, Ar-H), 2.97 (2 H, t, J 7.5 Hz, S-CH-CH>-),
1.69 (2 H, quin, J 7.5 Hz, S-CH2-CH>-CH>»-), 1.44 (2 H, quin, J 7.5 Hz, S-CH>-CH»-CH,-CH>-),
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1.29 (10 H, m, S-CH»-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH3), 0.88 (3 H, t, ] 6.8 Hz, S-CH>-
CH2-CH»-CH>-CH»-CH2-CH»-CH»2-CH3)

dc/ppm (100 MHz, CDCI3): 144.97, 138.65, 136.05, 132.64, 128.57, 127.49, 127.33, 118.95,
110.76, 33.06, 31.87, 29.47, 29.25, 29.18, 29.03, 28.88, 22.67, 14.12

Elemental Analysis: Calculated for C2oH27NS: C=78.29 %, H=8.06 %, N=4.15 %, S =9.50
%; Found: C = 78.46 %, H=8.07 %, N =3.92 %, S=9.40 %

1.2.10 4'-(Decylthio)-[1,1'-biphenyl]-4-carbonitrile (10SCB)

Yield: 0.517 g, 40.4 %. RF: 0.45

Tcr- 74 °C Tsmai (58 °C)

vma/em’': 2955, 2919, 2851, 2235, 1608, 1595, 1485, 1460, 1391, 1186, 1095, 1021, 1000,
849, 813, 734, 717, 562, 522

du/ppm (400 MHz, CDCl3): 7.71 (2 H, d, J 8.2 Hz, Ar-H), 7.66 (2 H, d, J 8.2 Hz, Ar-H), 7.50
(2 H,d,J 7.8 Hz, Ar-H), 7.39 (2 H, d, J 7.8 Hz, Ar-H), 2.97 (2 H, t, J 7.5 Hz, S-CH»-CH>-),
1.69 (2 H, quin, J 7.5 Hz, S-CH2-CH»-CH>-), 1.44 (2 H, quin, J 7.5 Hz, S-CH>-CH>-CH>-CHa>-),
1.27 (12 H, m, S-CH>-CH,-CH»-CH,-CH,-CH,-CH»-CH»-CH,-CH3), 0.88 (3 H, t, ] 7.0 Hz, S-
CH2-CH2-CH2-CH2-CH2-CH2-CH2-CH,-CH2-CH3)

dc/ppm (100 MHz, CDCI3): 144.97, 138.66, 136.04, 132.64, 128.57, 127.49, 127.32, 118.95,
110.76, 33.06, 31.90, 29.55, 29.51, 29.31, 29.18, 29.03, 28.88, 22.69, 14.13.

Elemental Analysis: Calculated for C23H29NS: C =78.58 %, H=28.32 %, N =3.98 %, S=9.12
%; Found: C =78.93 %, H=28.33 %, N =3.78 %, S =9.06 %

1.2.11 4'-(Undecylthio)-[1,1'-biphenyl]-4-carbonitrile (11SCB)

Yield: 0.322 g, 21.6 %. RF: 0.47

Tcr- 78 °C Tsmar (62 °C)

Vma/em: 2953, 2918, 2849, 2234, 1595, 1484, 1460, 1391, 1186, 1095, 1000, 849, 812, 730,
717,562, 522,456

du/ppm (400 MHz, CDCls): 7.72 (2 H, d, J 8.0 Hz, Ar-H), 7.66 (2 H, d, J 8.0 Hz, Ar-H), 7.50
(2 H,d,J 7.6 Hz, Ar-H), 7.39 (2 H, d, J 7.6 Hz, Ar-H), 2.97 (2 H, t, ] 7.5 Hz, S-CH,-CH>-),
1.69 (2 H, quin, J 7.5 Hz, S-CH2-CH>-CH>»-), 1.44 (2 H, quin, J 7.5 Hz, S-CH>-CH»-CH,-CH>-),
1.27 (14 H, m, S-CH,-CH»-CH»-CH,-CH,-CH»-CH»-CH,-CH»-CH»-CH3), 0.88 (3 H, t, J 7.1
Hz, S-CH>-CH>-CH>-CH>-CH»-CH>-CH»-CH>-CH2-CH>-CH3)

dc/ppm (100 MHz, CDCl3): 144.97, 138.65, 136.04, 132.64, 128.57, 127.49, 127.32, 118.95,
110.76, 33.06, 31.91, 29.61, 29.59, 29.51, 29.34, 29.18, 29.03, 28.88, 22.69, 14.13
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Elemental Analysis: Calculated for C24H31NS: C=78.85 %, H=8.55 %, N =3.83 %, S =8.77
%; Found: C =78.57 %, H=8.47 %, N =3.61 %, S=8.39 %
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2.0 Phase Diagrams
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Figure SI1. Phase diagram constructed for binary mixtures of 1SCB and 40CB. The
triangles denote nematic-isotropic transitions with the solid line indicating the trendline for

the nematic-isotropic transition temperatures. The diamonds indicate the melting points.
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Figure SI2. Phase diagram constructed for binary mixtures of 4SCB and 40CB. The
triangles denote nematic-isotropic transitions with the solid line indicating the trendline for

the nematic-isotropic transition temperatures. The diamonds indicate the melting points.
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