Open Access Article. Published on 22 November 2023. Downloaded on 2/21/2026 2:09:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

7 ROYAL SOCIETY

Journal of
PP OF CHEMISTRY

Materials Chemistry C

View Article Online

View Journal | View Issue

New RM734-like fluid ferroelectrics enabled
through a simplified protecting group free
synthesist

\ '.) Check for updates ‘

Cite this: J. Mater. Chem. C, 2023,
11, 16982

Calum J. Gibb @2 *? and Richard J. Mandle (2 @®

We report a novel and simplified synthetic procedure for making analogues of the widely studied
ferroelectric nematogen RM734. Our new procedure focuses on building materials starting from the
nitro-terminus and eschewing protecting groups, in contrast to previously reported syntheses. This hew
synthetic approach confers two principal advantages: firstly, the synthesis of the variants described
herein is expedient, being a single step as opposed to three or more via the classical route. Secondly, by
forgoing the use of benzyl groups as utilised in the original synthesis we can include functionality that is
incompatible with hydrogenolysis conditions (e.g. olefins, late halogens, unsaturated heterocycles).

Received 30th August 2023,
Accepted 22nd November 2023

DOI: 10.1039/d3tc03134a Several of the RM734-like materials we report exhibit ferroelectric nematic phases, and we rationalise
the behaviour of these materials with aid of electronic structure calculations, potential energy surface

rsc.li/materials-c scans and atomistic molecular dynamics simulations.

Introduction applications are beginning to emerge, including photo-variable
capacitors’” and electrostatic actuators.*®

Nematic liquid crystals possess a degree of orientational order
of their constituent molecules (or particles) along a direction

termed the director (72) and are widely exploited in display

technology. It had long been considered that nematic (N)

phases, even when comprised of extremely polar molecules, i

do not show a preference for bulk polar order; the molecular .
electric dipole vectors have an equal probability of orientation

parallel or antiparallel with the director (i.e. 7 = —#, Fig. 1a). A 0.4 sl
nematic phase with polar ordering would also be ferroelectric;

having the vast majority of its constituent electric dipole 01
moments oriented along a single direction (—A # -,

Fig. 1b). In 2017 Mandle et al." and Nishikawa et al.> simulta-
neously and independently reported highly polar liquid crystal-
line materials that exhibited multiple nematic phases. The
lower temperature nematic phase is now understood to be
polar and is termed the ferroelectric nematic (Ny) phase. The
Nr phase is of special scientific interest® > due to the presence
of polar order in a fluid system coupled with a strong linear
electrooptical response'*'* and large polar domains.'® The Ng
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phase may also be aligned using existing alignment techniques ?%?24",1
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Fig. 1 Molecular organization in the apolar nematic (a) and ferroelectric
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nematic (b) phases; arrows represent molecular electric dipole moments and
are coloured according to the polar order parameter (P1) which takes a value
of 0.06 in (a) and 0.89 in (b), while (P2) is ~0.65 in both cases. (c) The
molecular structures and transition temperatures (°C) of the three of the
archetypal ferroelectric nematogens: RM734,* DIO,? and UUQU-4-N *°
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Despite a growing number of reported materials which
exhibit the Ny phase (for example**°) studies into the phase
are still in their infancy and little is known about how certain
structural features drive Ny phase formation. As a result, the
majority of reported ferroelectric nematogens can be broadly
classed as derivatives of one of the three archetypal structures
(Fig. 1c): RM734,' DIO” and UUQU-4-N."® For RM734, the synth-
esis is typically performed left-to-right, installing the 4-nitrophenyl
unit last and employing a benzyl protecting strategy (Fig. 2(a)).
The benzyl group enables high yields, but the hydrogenolysis
deprotecting step brings issues of functional group compatibility.
An alternative synthetic strategy has using a tetrahydropyranyl
protecting group,* suffers from low yields (Fig. 2(b), circa 40%
over 3 steps). Herein we report a new synthetic pathway to
‘RM734-like’ compounds which installs the aromatic rings in
the opposite order to the original synthesis of RM734 right-to-
left (Fig. 3(d)). We eschew the need for any protecting groups
entirely and allows for the highest possible functional group
compatibility. We utilize this new methodology to report a series
of novel RM734 derivatives, including those with halogens and
alkenes at the terminus, some of which exhibit the N phase.

Experimental

Unless otherwise noted, all chemicals were purchased from
commercial suppliers and used as received. Solvents were
purchased from Merck. Reactions were monitored by TLC using
UV light (254 nm). Chromatographic purification was per-
formed using a Combiflash NextGen 300+ system (Teledyne
Isco) using silica gel cartridges as the stationary phase and a
hexane/DCM gradient as the mobile phase. The chromato-
graphed materials were then recrystallized from the indicated
solvent system, collected by filtration, and dried under reduced
pressure. The materials were characterised by "H, "*C{"H} and,
where appropriate, '°F NMR. Electronic structure calculations
were performed with the B3LYP hybrid functional and the
LAN2DZ basis set’” in Gaussian G09 revision D01.*
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Bimolecular PES employed additional GD3BJ
dispersion®® and counterpoise correction terms. Following
geometry optimisation we performed a frequency calculation,
with the absence of imaginary frequencies taken to indicate the
optimisation was at a minimum. We generated electrostatic
potential (ESP) isosurfaces using the Gaussian formchk and
cubegen utilities; the resulting cube files were then rendered
using VMD. The interactions strength was quantified by per-
forming a relaxed potential energy scan of the separation
between two molecules arranged head-to-tail, from an initial
separation of 2.5 A to a maximum of 7 A in 0.1 A steps. Full
experimental details, including synthetic procedures, structural

characterisation and purity analysis are provided in the ESL{>**

scans

Results and discussion

The previously reported synthesis of RM734 employs a benzyl
(OBn) protecting strategy, beginning from 2,4-dimethoxybenzoic
acid and eventually affording the title compound in high yield
over three linear steps (Fig. 2(a)). The nitrophenyl unit is installed
last, owing to the incompatibility of this group with the hydro-
genolysis conditions employed for debenzylation. Saha et al. have
also reported a four-step synthetic pathway to the synthesis of
RM734-like materials in which they forgo the use of the OBn
protecting group, by instead obtaining the acid via aldehyde
oxidation prior to the final esterification.®® Li et al.>* and Stepa-
nafas et al®' instal the ring units of RM734 in reverse order
(Fig. 2(b)); utilising a tetrahydropyranyl (THP) protecting group to
synthesise 4-nitrophenyl 4-hydroxybenzoate and similar deriva-
tives in ~ 40% yield, this then being subjected to terminal
esterification to afford RM734. The modest yields afforded using
this method are likely due to issues regarding chemical selectivity
due to the presence of both the phenolic and acidic moieties as
well as issues associated with cleavage of the group during
purification by SiO, gel chromatography as the group is easily
cleaved under mildly acidic conditions.*® This makes the THP
group non-ideal for in the case of the synthesise of RM734.
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Fig. 2 (a) Original synthesis of RM734 reported by Mandle et al.,* (b) synthesis of RM734 and related materials reported Kumar et al.;*° (c) the synthetic
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route reported by Liet a
work.
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which employs the use of the THP protecting group; and (d) synthetic route developed and used in this

J. Mater. Chem. C, 2023, 11,16982-16991 | 16983


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3tc03134a

Open Access Article. Published on 22 November 2023. Downloaded on 2/21/2026 2:09:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Journal of Materials Chemistry C

View Article Online

Paper

Fig. 3 A nematic Schlieren texture containing both 2- and 4-point brush defects observed for compound 4 (a), an example of the banded texture of the
N phase observed for compound 3 (b), and the growth of point singularities at the I-Ng phase transition observed on cooling for compound 2 (c). All

textures were observed between untreated glass slides.

Kumar et al. have also employed a synthetic strategy in which
the rings are installed in the reverse order.*® The method
presented by Kumar et al. contains only three synthetic steps
using a boronic ester as the protecting group (Fig. 2(c)). Whist
containing only three-synthetic steps from the boronic ester,
the group is hydrolytically labile which may lead to unwanted
side reactions occurring.

Our initial synthetic effort was to focus on improving this
yield by utilizing a tert-butyldimethylsilyl (TBDMS) protecting
group. Regrettably, the TBAF mediated cleavage invariably led
to significant ester hydrolysis and this method was promptly
abandoned as unworkable due to the lability of the 4-nitro-
phenyl group. We found success by avoiding protecting groups
entirely (Fig. 2(d)). Our initial hint was that esterification of
4-hydroxybenzoic acid and 4-nitrophenol in a 1:1 ratio on a
mmol scale gave good conversion to the desired product. As
had been previously reported however, separation by standard
re-crystallisation techniques from residual 4-nitrophenol was
challenging.’”° Gratifyingly, large scale attempts using a 1:2
mixture of 4-hydroxybenzoic acid and 4-nitrophenol reacted
equally smoothly under Steglich conditions with EDC/DMAP
which was successfully purified by flash chromatography using
a gradient elution of Hexane/DCM to afford the title compound
in 55% yield in a single step. After chromatography, we note
that the material is somewhat unstable on silica which explains
the modest yield achieved however, this instability is relieved
following subsequent esterification. Subsequent Steglich ester-
ification of 4-nitrophenyl 4-hydroxybenzoate with a library of
substituted benzoic acids afforded compounds 1-11 in moder-
ate to good yield (67-88%) in a method ultimately requiring
only two synthetic steps.

We first synthesised five RM734-analogues which have var-
ious modifications made to the 2,4-dimethoxybenzoate unit.
Transition temperatures and phase assignments (made via
polarized optical microscopy (POM)) for compounds 1-5 are
given in Table 1. The conventional N phases are assigned based
upon the observation of characteristic Schlieren textures con-
taining 2- and 4-point brush singularities (Fig. 3(a)). The Ng
phases have been assigned based on the observation of a
banded textures (Fig. 3(b)), now thought to be characteristic

16984 | J. Mater. Chem. C, 2023, 11, 16982-16991

Table 1 Transition temperatures (T,
(AH, kJ mol™) for compounds 1-5?

°C) and associated enthalpies

No. R= Melt Ng-N/Iso N-Iso
T 139.8 132.7 187.9
/0 T AH 34.8 0.20 0.60
RM734
0
/
\ T 181.9 — —
O AH 43.0 — —
1 9] -
/ Q
0
/
T 136.4 96.3 —
" AH 32.9 1.7 —
2
0
/
T 157.3 125.0 151.6
- AH 32.2 1.0 0.5
3
0
/
T 151.1 — 182.0
4 T AH 36.8 — 0.5
T 137.8 — 119.8
AH 38.7 — 0.3
5 o

of the phase.***®*° In cases where a direct Ng—isotropic(I)
phase transition is observed, the N phase is seen to grow from
point singularity defects (Fig. 3(c)) which coalesce to form the
characteristic bulk texture. This observation has been reported
previously for the Np-I transition.’®*! To further affirm the
assignments of the Np phase, binary mixtures of the ferro-
electric nematogens and RM734 have been prepared showing
good miscibility across all concentrations. The Ny phase is
observed for all concentrations studied with an approximately
linear dependence of the transition temperatures. The phase
diagram for 2/RM734 is presented in Fig. 4 (top) whilst the data
for other materials is given in the ESIf to this article. Calculated

This journal is © The Royal Society of Chemistry 2023
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Fig. 4 Phase diagram constructed by mixing 2 and RM734 (top), and DSC
thermogram for compound 3 showing the N-I and Ng—N phase transitions
(bottom).

phase diagram data (melting points, transition temperatures)
were obtained using data from DSC experiments on pure
materials using the Eutectic software tool.*” The transition
temperatures and associated enthalpy changes are extracted
from their respective DSC thermograms (for example Fig. 4
(bottom)), measured at a heat/cool rate of 20 °C min "' under a
nitrogen atmosphere.

Compared to RM734, compound 1 has an additional OMe
group in the 6-position and this sees a significant increase in
the melting point and the total loss of mesogenic behaviour.
Contrast this with the removal of the terminal methoxy group
(4-position) of RM734; this gives compound 2 material, which
exhibits a direct Ng-Iso transition (albeit with an onset below
that of the parent material) as well as a small reduction in
melting point. This suggests that, whilst a terminal chain is
beneficial for ‘classical’ non-polar nematics, it is not a require-
ment for the polar Ni phase; and indeed the deleterious effect
of long terminal chains on the stability of the Ny phase is well
known,>>?7?8:40:43:44 Crydely put, this reflects the origins of the
Nr phase being in electrostatic (dipole-dipole) forces, whereas
the conventional nematics result from shape anisotropy.

This journal is © The Royal Society of Chemistry 2023
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We next study the loss of oxygen atoms from the terminal/
lateral methoxy group(s) of RM734 and compound 1. Com-
pound 3, in which the terminal (4-) methoxy group is replaced
with a methyl group has only a modest reduction in Tygn;, a
sharp reduction in Tx-Iso and a modest increase in melting
point. Compound 4 is closely related to 3, having both the
terminal and lateral methoxy groups replaced with methyl;
however, the mesomorphic behaviour of 4 is rather different,
with this material only exhibiting a conventional nematic
phase. To a first approximation, this can be understood to be
a consequence of the reduced dipole moment that results from
the loss of the lateral methoxy group, and we will demonstrate
this shortly (inter alia). In 5 we add an additional methyl group
to 4 in the 2-position (or alternatively, we replace the methoxy
units of 1 with methyl); with the resulting material exhibiting a
conventional nematic phase.

We optimised the geometries of RM734 and compounds 1-5
at the B3BLYP/LAN2LDZ level of DFT in order to rationalise the
trends in observed mesophase behaviour (Table 2). Compound
1 is non mesogenic, despite being of comparable electrical
polarity to RM734. In 1 the additional breadth that results from
the two lateral methoxy units is reflected in a low value of the
shape anisotropy parameter (ShAP). Compounds 2 and 3 both
exhibit the Ny phase, albeit at reduced temperature to the

Table 2 Properties from DFT calculations on RM734 and compounds 1-
5: molecular electric dipole moment (1, Debye); anisotropy of polarizability
(Aa/A3); Shape Anisotropy Parameter (ShAP), defined here as 1/\/(wb),
where [/w/b are the molecular length, width, and breadth, respectively;
Rotational Anisotropy Parameter (RotAP) defined here as Rl/\/(RzR3),
where Ry,,/3 are the rotational constants

No. R= WD N ShAP ROtAP
0 _——
rv73a 7 1278 511 4.8 21.1
o]
/
\
o]
1 /OQ--- 1223 462 3.5 21.0
o]
/
2 Q 1155  43.8 4.6 18.9
o]
/
3 :\< 1246 47.6 4.6 19.8
o]
/
4 Q 10.65  47.9 5.7 19.9
5 Q 9.88 46.6 3.9 19.8
J. Mater. Chem. C, 2023, 11,16982-16991 | 16985
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parent; they have comparable electric dipole moments to
RM734, as well as being sufficiently anisotropic in shape to
permit the formation of mesophases. Compounds 4 and 5 lack
the lateral methoxy unit, and as such exhibit notably reduced
electric dipole moments which are perhaps below the threshold
required to exhibit the Ny phase in this system. This result
demonstrates the apparent necessity of the lateral methoxy
group in promoting Ny behaviour in RM734-like materials.

The inclusion of late-halogen atoms in RM734 is compli-
cated by the prior use of hydrogenolysis, with these often being
labile under the H,/Pd conditions employed. Our new synthetic
approach makes the inclusion of halogen atoms on the -left-
and central-rings synthetically straightforward. To demonstrate
this, we elected to synthesis compounds 6-9 which contain I,
Br, Cl and, F, respectively, in the 4-position on the left-hand
ring. The transitional temperatures and phase assignments
of these compounds are shown in Table 3. Halogen atom
are known for their ability to exhibit Sigma-holes,*>*® as well
as being able to partake in a wide range of synthetic trans-
formations.

All the halogen terminated homologues exhibit monotropic
nematic phases with only the iodine terminated derivative
exhibiting the N phase (Fig. 5). The values of Tyn_; remain
almost constant for the three largest halogens, with a signifi-
cant decrease observed for the fluorine terminated derivative.
We optimised the geometries of RM734 and compounds 6-9 at
the B3LYP/LAN2LDZ level of DFT in order to rationalise the
trends in observed mesophase behaviour (Table 4). Immedi-
ately it is clear that a halogen atom at the 4-position leads to
the expected reduction in molecular electric dipole moment
relative to the parent RM734. The shape anisotropy parameter
is almost constant across this series, while the rotational

Table 3 Transition temperatures (T,
(AH, kJ mol™) for compounds 6-9

°C) and associated enthalpies

Data W,

No. R= Melt Ng-N/Iso N-Iso
T 187.7 106.5° 147.5
'Q AH 39.8 — 0.8
6
0
/
T 180.0 — 155.7
Br AH 44.9 — 0.7
7
o]
/
T 173.6 — 150.5
cl - AH 43.2 — 0.7
8
0
/
T 172.0 — 125.9
9 FO AH 43.2 — 0.5

¢ Temperature given based upon POM observations.
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Fig. 5 The banded texture observed by POM between untreated glass
slides for the N phase of compound 6 at 105 °C.

Table 4 Properties from DFT calculations on RM734 and compounds
6-9 molecular electric dipole moment (i, Debye); anisotropy of polariz-
ability (Aa/A%); Shape Anisotropy Parameter (ShAP); Rotational Anisotropy
Parameter (RotAP)

No. = i) Au/A® ShAP ROtAP
o _——
RM734 / 12.78 51.1 4.8 21.1
O
/
I -———
6 9.83 55.9 4.8 19.9
o]
/
Br
7 9.40 52.2 4.8 19.7
o]
/
cl ---
8 9.04 49.2 4.8 19.6
[e]
/
9.01 44.4 4.7 19.1

o
-
\o/ : ,t
1
|

anisotropy parameter follows the expected trend as a conse-
quence of the large mass of the halogen atom.

It is somewhat surprising that the iodo-terminated 6 exhi-
bits the N phase, while 7-9 do not; we therefore computed the
molecular electrostatic potential on the 0.001 au electron
density for each of these compounds (and also RM734). The
ESP isosurface of RM734 is as expected, with the nitro- and
carboxylate-groups giving rise to regions of enhanced electron
density. Materials incorporating a terminal iodo-group feature
a large Sigma hole - a region of positive charge which can
partake in non-covalent interactions — with a smaller feature
being seen for the bromo- terminated material (shown in
Fig. 6a and c). For the fluoro- and chloro- terminated materials
we do not find such a feature. Experimentally, the observation
of an Ny phase for the iodo-terminated materials suggests a
propensity for head-to-tail ordering which implies the existence

This journal is © The Royal Society of Chemistry 2023
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Fig. 6 Optimized geometries of RM734 ((a) —OMe terminus), 6 ((b) —I terminus), 7 ((c) —Br terminus), at the B3LYP-GD3BJ/LAN2DZ level of DFT, with the
electrostatic potential (ESP, isovalue = 0.04 a.u.) on the 0.001 au electron density isosurface. (d) Complexation energy (kcal mol™) as a function of nitro-
X' separation (A) for homodimers of compounds 6-9 (X = |, Br, CL, F) as computed at the B3LYP-GD3BJ/LAN2DZ level of DFT; (e) diagram illustrating the

distance referenced in (d) for a homodimer.

of electrostatic interactions between the terminal group and the
nitro group at the other terminus.

To quantify the potential for interactions between these
groups we performed potential energy scans for head-to-tail
homodimers of RM734, and compounds 6-9 Our calculations
employ the B3LYP hybrid functional, GD3B]J dispersion correc-
tion, the LAN2DZ basis set, and additional counterpoise correc-
tion. We start from a homodimer of each compound, with the
Ph-NO, and Ph-X bonds - where X is OMe, F, Cl, Br, or I - being
oriented on the same vector and with a separation of 2.5 A
between the nitro and X groups, and increase the separation in
0.1A steps.

We compute the complexation energy as function of the
distance between the nitro group and the terminal group in
question by performing relaxed scans about the potential

Table 5 Transition temperatures (T, °C) and associated enthalpies
(AH, kJ mol™) for compounds 10 and 11

aialiave

No. R= Melt Ng-N/Iso N-Iso
/ - T 173.2 — 251.8

/0 AH 38.6 — 1.5

10
o]
/
T 191.4 205.0% —
AH 32.4 — —

O o
11 \E/}___

“ Temperature given based upon POM observations as it is not observed
by DSC at 20 °C min™ .

This journal is © The Royal Society of Chemistry 2023

energy surface (Fig. 6d). The iodo terminated material 6 has
the largest Sigma hole and this displays a large complexation
energy (~2.7 kcal mol™) at a separation of 3.7 A. In contrast,
the bromo-terminated material has a much smaller complexa-
tion energy (~1.3 kcal mol ') and the chloro- is smaller still
(~0.4 keal mol ™). Owing to the electronegativity of its terminal
fluorine group, 9 experiences electrostatic repulsion (i.e. posi-
tive complexation energy).

The final compounds we elected to synthesise using our new
synthetic approach are compounds 10 and 11. Like the halogen
containing compounds discussed previously, both compounds
are reactive under the hydrogenolysis conditions previously
employed in the synthesis of RM734 making them difficult if
not impossible to obtain using the previously reported meth-
odologies. The transitional temperatures of compounds 10 and
11 are shown in Table 5. Compound 10 may be compared to the
parent RM734 molecule with an additional olefin inserted
between the ester-link and left-hand ring. Inclusion of the
unsaturated moiety significantly increases the melting point
and N-I transition temperature and sees the extinction of the
Nr phase. The increase in melting point and isotropisation
temperature probably results from both the increased molecu-
lar length and the enhanced intermolecular interactions (rela-
tive to RM734) that result from incorporation of the cinnamate
unit. The short range of supercooling precludes the observation
of a monotropic N phase. Compound 11 shows an enantio-
tropic Nr phase which transitions directly into the isotropic
phase, as determined by POM (Fig. 7). As will be shown shortly,
the later is probably a consequence of increased electric dipole
moment.

We optimised the geometries of RM734 and compounds 10
and 11 at the BALYP/LAN2LDZ level of DFT (Table 6). Utilisation
of the cinnamate ester in 10 leads to an increase in molecular

J. Mater. Chem. C, 2023, 11,16982-16991 | 16987
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Fig. 7 The banded texture observed by POM between untreated glass
slides for the Ng phase of compound 11 at 200 °C.

Table 6 Properties from DFT calculations on RM734 and compounds
10-11 molecular electric dipole moment (u, Debye); anisotropy of polar-
izability (Aa/A®); Shape Anisotropy Parameter (ShAP); Rotational Anisotropy
Parameter (RotAP)

No. R= /D Ax/A*  ShAP  RotAP
O _——
RM734 / 12.78 511 4.8 21.1
o]
/
° /
10 / 14.74  68.9 6.8 23.5
o]
/
O 0
1 \E} 1322 46.0 5.1 18.8

length; in turn, this gives a larger electric dipole moment (as a
consequence of the larger separation of charges) and larger
values of ShAP/RotAP. Under experimental conditions 10 does
not exhibit the Ny phase, rather it crystallises on cooling prior
to reaching this point. In compound 11 the presence of the
2-ethoxyfuran unit leads to a slightly larger electric dipole
moment than the parent material which, inter alia, leads to a
direct Ng-Iso transition at high temperature, beyond even the
isotropisation temperature of the parent material. The high
melting point of 11 defied our expectations that the bent
(~120°) geometry of this unit would lead to a ‘low’ melting
point, nevertheless the high Tyr_y is @ welcome observation.
Experimentally, compound 11 shows low solubility in with
other Np materials and so we are unable to confirm the phase
identification through binary mixtures or contact preparations.
Compound 11 also begins to degrade above its melting point,
making detailed physical study complicated, and so we con-
sider the phase assignment as N to be tentative. We therefore
opted to explore the unusually high Tyr s, in this material
computationally, through the use of fully atomistic molecular
dynamics simulations. Full details on simulation setup and
parametrisation are given in the ESIf to this article; briefly,
simulations comprised 600 molecules of 11, and commenced
from a polar nematic starting configuration and at various
temperatures with a production MD run of 250 ns. Our MD
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Fig. 8 (a) plot of the polar ((P1)) and orientational ((P2)) order parameters
as a function of simulation temperature for fully atomistic MD simulations
of 11. (b) Instantaneous configuration of the polar (Ng) nematic configu-
ration of 11 at a temperature of 443 K (170 °C) at a simulation time of
231 ns. Molecules are shown as wireframe with 25 randomly selected and
shown as space filling. (c) Cylindrical distribution function (CDF) of the
polar (Ng) nematic configuration of 11 at a temperature of 413 K (140 °C).

simulations appear to underestimate the experimental clearing
point by 10-20 °C; at and below temperatures of 463 K we find
polar nematic order to be stable, although the values of (P1)
we obtain are persistently lower than those obtained under
the same methodology for RM734, DIO, and UUQU-4-N
(Fig. 8(a)).***

We gained additional insight by examination of the cylind-
rical distribution function of the MD trajectory (Fig. 8(c)). On-
axis arcs centred at 4 = +20 A result from head-to-tail pairing,
whereas additional arcs at 7 ~ +14 A and +9 A result from
close contacts between the furan ring and carboxylate esters on
adjacent molecules. Our interpretation of this data is that the
localised electron density that results from the furan-ring

This journal is © The Royal Society of Chemistry 2023
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enables and favours stronger electrostatic interactions between
adjacent molecules, and experimentally this manifest as a large
increase in Tygy. We consider that other related heterocyclic
systems (e.g. oxazoles, thiazoles) may allow us to take advantage
of these favourable interactions without incurring such a
heavy penalty in terms of melting point. This now requires
further study.

Conclusions

We report a new route to synthesise RM734 and derivatives
which forgoes protecting groups entirely and offers expedient
access to this important class of materials. As a demonstration
of this, we synthesise new RM734-like materials in which we
vary the number and chemical identity of the lateral and
terminal methoxy groups. The methyl-terminated material
and, surprisingly, the variant with no terminal chain at all are
both competent Nr materials. We report a family of materials
with terminal halogen atoms; the iodo-terminated member
exhibits the N phase whereas others exhibit solely conven-
tional nematic phases. DFT calculations suggest the ability of
the iodo-terminated material to form the Ng phase results from
the presence of a large Sigma hole on this material enabling a
weak electrostatic interaction with the highly electronegative
nitro group on an adjacent molecule; effectively making head-
to-tail pairing more energetically favourable than with other
halogens. The lack of hydrogenolysis conditions in our synth-
esis permits us to synthesise RM734-like materials bearing
olefins and unsaturated heterocycles, these would be proble-
matic if not impossible to synthesise with the original
synthesis.
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