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Abstract

The chemical programming of the temperature domains of existence of liquid crystals is highly
wished by both academic workers and industrial partners. This contribution proposes to combine
empirical approaches, which rely on systematic chemical substitutions of mesogenic molecules
followed by thermal characterizations, with a rational thermodynamic assessment of the effects
induced by chemical perturbations. Taking into account the similitudes which exist between
temperature-dependent cohesive Gibbs free energy densities (CFED) and pressure-temperature
phase diagrams modeled with Clapeyron equation, chemical perturbations are considered as
pressure increments along phase boundaries, which control the thermotropic liquid crystalline
properties. Taking familiar calamitic amphiphilic cyanobiphenyl-type mesogens as models, the
consequences of (i) methyl substitution of the aromatic polar heads and (ii) connections of bulky
silyl groups at the termini of the apolar flexible alkyl chain on the melting and clearing temperatures
are quantitatively analyzed. Particular efforts were focused on the translation of the
thermodynamics rationalization into a predictive tool accessible to synthetic chemists mainly

interested in designing liquid crystals with specific technological applications.

" Electronic Supplementary Information (ESI) available. For ESI see DOI: xxx.
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Introduction

Thermotropic liquid crystalline materials are characterized by the formation of fluidic and
anisotropic phases, i.e. liquid crystalline phases or mesophases, in a certain temperature range
between the ordered crystalline solid and the disordered isotropic liquid states.' The partial long-
range orientational ordering responsible for macroscopic anisotropy in liquid crystalline phases
results from the simultaneous optimization of intermolecular interactions (= minimum enthalpic
content)’ and excluded volumes (= maximum entropic content).” Translated at the microscopic
level, the design principles of thermotropic mesogenic materials are commonly based on molecules
combining rod-like or disk-like rigid anisometric polarizable aromatic cores, providing order,
decorated with flexible chains responsible for mobility and fluidity. A micro-segregation between
the two different parts of these binary amphiphilic molecules is required for creating two distinct
nano-spaces in the mesophase, a process closely related to mixing/demixing procedures observed in
AB-type block copolymers. In this context, the Gibbs free energy of mixing* can be modeled with
the help of Huggins-Flory theory (eq. 1), where n; is the number of moles and ¢ is the volume

fraction of the part i in the block coplopymer, wheras y, p is the so-called interaction parameter.”’

AG,, = AH . —TAS . =RT (n,¢yxxs)+RT (n,Ing, +n;1lng,) (H

mix mix

The last term on the right part of eq. 1 corresponds to the contribution of mixing entropy (-7ASmix),

whereas the first term RT (n,4,%,5) is of enthalpic origin and measures the adhesion between the

two separated phases. The interaction parameter ya g can be estimated by eq. 2,° in which Vieg 1s the
reference volume of a unit segment in the polymer and 6y and s are the Hildebrand solubility

parameters of each part taken separately.’

V_(5.-5.)
Af% Q)

The square of this parameter, &, is related in eq. 3 to the cohesive energy density (CED) of a pure

liquid having the same characteristics as those of the selected component of the block copolymer (U

Page 2 of 39



Page 3 of 39

Physical Chemistry Chemical Physics

3

< 0 1s the cohesive energy in the liquid, Vel 1s the molar volume of the liquid and AH,,, is the
molar enthalpy of vaporization).’

U AH,, -RT
Ty

mol

CED=68"=—

3)

mol
Since yap > 0, the larger the difference (Sa-Js)* between the cohesive energy densities of the two
segments of the amphiphilic molecule, the more positive AGpix and demixing spontaneously occurs,
thus leading to segregation into two separated space domains, each constituted by aggregated A and
B segments, respectively. At higher temperature, the contribution of the mixing entropy

-TAS,; =RT(n,Ing, +nylng,) (eq. 1) becomes more negative and it exactly overcomes

AH . = n, BV, (5 L —Op )2 at T = Tyansition, When AGnix = 0. Segregation is then lost at the order-

disorder transition temperature, also assigned as the clearing temperature Tcicaring in liquid crystals.8
Applied to the formation of nanostructured liquid crystals,6 this thermodynamic approach was
successfully used for rationalizing the micro-segregation occurring in mesogenic calamitic
cyanobiphenyls,9 in cubic-phase-forming liquid crystalline molecules'’ and in polycatenar
pentaerythritol derivatives.!" Whereas the high temperature limit of existence of a mesophase, i.e.
its clearing point, can be approached with the help of the CED concept (eq. 3), the low temperature

cutoff, referred to as the melting point, requires the consideration of the closely related cohesion

Gibbs free energy densities (CFED) given in eq. (4).'*" AG™

cohesion

is the Gibbs energy of cohesion,

which estimates the degree of cohesion occurring in a condensed phase at a reference temperature

T, Let’s stress here that 7' is different from the transition temperature T.= AH,/AS, at which

AG(i;rhesion = O ‘12
Tt _ oref
CFED — AGcohesion — AHtr T AStr (4)

7

mol mol



Physical Chemistry Chemical Physics

4

The CFED concept was first exploited for the quantitative analysis of the thermal consequences of

methylations of the polar aromatic cores on the liquid crystalline properties of substituted

cyanobiphenyls HysC2-LC"? (Figure 1a)."

H,;C,,-LC"0
H,;C,,-LC¥
H,;C,,-LC**
H,;C,,-LC"3
H,;C,,-LC"2
H,;C,,-LC*?
H,;C,,-LC¥?2
H,;C,,-LC?*?
H,;C,,-LC*3

@)
e
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H H CH,
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CH, H CH,
H CH, H
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b) CFED/J-cm? = Mpa
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15,7232 e )
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Figure 1 (a) Chemical structures of substituted cyanobiphenyls H,sCi,-LC’? and b) cohesive

Gibbs free energy densities CFED.ys: versus melting temperature 7}, (blue triangles, Trer

=360.6 K) and CFEDj;q-cryst versus clearing temperatures Tciearing (red disks, Trer = 443.4

K)." Units: 1.0 J-cm™ = 1.0 MPa.

Plots of CFED in function of T showed two different empirical linear correlations (Figure lb).15

The steep slope found for the CFED s versus Ty, plot (blue triangles in Figure 1b) indicated that

the cohesive free energy densities in the crystalline phases of H,5C,-LC"7 were not very sensitive

to the methylation processes, and the melting temperatures were therefore rather constant. On the

contrary, the flat slope observed for the CFEDiig.cryst versus T plot (red disks in Figure 1b) implied
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that the methylation of the cyanobiphenyl cores induced major changes in the cohesive Gibbs free
energies responsible for the stability of the liquid crystalline phase.”* Consequently, the clearing
temperatures of the mesogenic compounds H,sCy,-LC7 drastically depended on methylation of the
rigid core, while their melting temperatures remained globally unchanged. Such rational and tunable
control of the effect of chemical perturbations on the temperature-domain of liquid crystals
existence is expected to significantly contribute to technological innovation.'® In this context, the
substitution of 4’-cyanobiphenyl derivatives'” is especially appealing because of their worldwide

6,18

applications as low-molecular weight, polymeric' and metal-containing® liquid crystals

exhibiting magnetic and optical responses.

O A B
R—(%WO—{
S eSas

cC D
A B C D
RC,H,,-LC? H H H H
RC,H,,-LC¥ CH, H H H
RC,H,,-LC?» H CH, H H
RC,H,,-LC3 H H H CH,
RC,H,,-LC?? H CH, CH, H

R=0H : HOC,(H,,-LC"# R =C,H; : HyCpp-LC"Y

R= 4’4:1-0- : TBDMSOC, H,,-LC"V

R= 4’~Si—0— : TBDPSOC, (H,-LC"

Scheme 1 Chemical structures of liquid crystalline substituted cyanobiphenyls R-CyoHzo-LC" 7.

In order to extend the range of accessible transition temperatures for both melting and clearing
processes observed in substituted cyanobiphenyls, we report here on the application of the CFED
concept (eq. 4) to the mesogenic R-CyoHz-LC"? compounds (Scheme 1), in which both flexible
alkyl tails and polar aromatic heads undergo physico-chemical stress via the connection of bulky
substituents. We argue that the perturbation of the rigid core significantly affects the clearing

temperature because the clearing process depends on the decorrelation of the polar heads.”! On the
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other hand, the melting process, which is associated with the decorrelation of the alkyl chains®' is
relatively insentive to head perturbation (Fig. 1b), but it could be tuned by a significant increase in
the molecular polarisabilities of the flexible tails in R-C19Hz9-LC"? compounds along the series R =
OH (9 electrons) < R = C,Hs (17 electrons) < R = OTBDMS (87 electrons) < R = OTBDPS (137

electrons).

Results and discussion

Theoretical thermodynamic background. Since the empirical Trouton’s rule fixes a constant
value ASy,p = 85-88 J-mol™K™ for the entropy of vaporization of any liquid,** the associated

enthalpy of vaporization of a specific liquid reflects its phase-transition temperature Tiap (€q. 5)

together with the average cohesive energy -U operating in the liquid phase (eq. 3).%

AHvap = T;/ap ' ASvap (5)
U= CED-V,, =A4H, ~RT =T, AS, —RT 3)

In simple words, the estimation of the magnitude of the cohesive energy density (CED) operating in
a liquid is sufficient for predicting its vaporization temperature 7.,,. Applied to thermotropic liquid
crystalline phases, this appealing concept would be of considerable help for programming their
domains of existence. However, the lack of analogues of ‘Trouton’s rule’ pertinent for the melting
(crystal—>liquid crystal, T,) and clearing (liquid crystal—isotropic liquid, 7;) processes limits its
pertinence because both enthalpy and entropy variably contribute to the cohesive energy densities
operating in crystalline and liquid crystalline phases. The original concept of cohesion energy
density (CED), well-suited for rationalizing the vaporization of isotropic liquids, was therefore
replaced by that of cohesive Gibbs free energy densities (CFED), which is adapted for the melting

of crystals (eq. 6) and the clearing of liquid crystals (eq. 7). Trr is the reference temperature at

which the cohesive Gibbs free energy AG',.. is estimated, while AHI" , AS™" | AH!" and

cohesion

A8T “ stand for the enthalpies and entropies of melting (m) and clearing (c) corrected at this

12,13
temperature.
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CFEDCI’)’Sl = AGz;)z;Sion,ln /Vmol Wlth AG{z;:lsionm = AH::H — TrefASIi‘ef (6)
CFEDliq‘CrySt - AGCI“’:;SR’“@ /Vmol with AGczcjlzfesion,c = AHchf - TrefASchf (7)

When 7 is reasonably close to the melting or clearing temperatures for a series of compounds as
illustrated for the methylation of cyanobiphenyl liquid crystals HpsC12-LC"” in Fig. 1, the enthalpy

and entropy changes recorded at the transition temperatures (7i) with the help of differential

scanning calorimetry (DSC) are well-suited for estimating CFED (AH:Cf ~AH!" = AH,_ and

AST ~ AS™ = AS_ in eqs 6-7)."*"> Applied to the meltings of (i) linear alkanes of increasing

tr
length, (ii) organosilanes of increasing volumes and (iii) transition metals or metal oxides of
increased polarizabilities,'* the CFED,ys computed in the solid phases displayed empirical linear

correlations with the transition temperatures (eq. 8, Vol is the molar volume in the crystals).14
CFED = AGC{)ZZS{OH /Vmol = aT’tr + ﬂ (8)
Since S = —(aG/aT )P ;2% the slope of a linear CFED versus T plot (eq. 8) mirrors the cohesive

entropy density o =—A4S, /V,,, estimated at the reference temperature, a crucial parameter which

reflects the sensitivity of the transition temperatures to the applied physico-chemical stress

responsible for the emergence of the linear CFED versus Ty series.'” The introduction of the phase

equilibrium condition AG[* = AH_—T,AS, =0 into eq. (6) or eq.(7) gives

e AH, -T"AS,)-(AH,-TAS,) AS (T, -T"
CFED = AGcohcsmn — ( r tr) ( r r tr) — f( r ) (9)
mol Vmol Vmol
Considering Clapeyron equation adapted to solid-liquid boundary, AS;; can be written as
dP
AS, =AV—r (10)
where AV, is the change in volume accompanying the phase transition.**
The introduction of eq. (10) into eq. (9) yields
T — ref
CFED:dPuﬂ (11)
dT v

mol
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Since Tir was selected so that Tr —Ti is small, we roughly assume for a non-infinitesimal AT

change, that(7, — T,

ref

)/AT =1 and eq. (11) becomes

CFEDz%APzﬂAP (12)

mol
To the best of our knowledge, there is no theoretical support for a simple relationship between AV},
and Vyol, but chemical intuition suspects a simple positive correlation for some minor perturbations
within a series of compounds in the solid state,”* a trend indeed experimentally found for the
melting of linear alkanes with 4 = AVy/(Vimo-V0) = 0. 194(1).15 Taking into account that the relative
molar volume expansion at the transition temperature A is a ratio with no physical unit, the
computed CFED for a given member of the family of compounds reflects the ‘chemical changes’ or
‘chemical efforts’, expressed as a pressure increment AP (eq. 12 and Fig. 1b) required for shifting

its specific melting temperature toward the reference temperature 7" of the family."®

Preparation and mesogenic properties of substituted cyanobiphenyls R-C1oH0-LC™?. The
synthesis of R-CyoHz-LC’? exploits the esterification of methyl-substituted 4-hydroxy-4’-
cyanobiphenyls OCB'Y with benzoates bearing flexible alkyl chains, a procedure previously
optimized for the preparation of HysCy,-LC'?."> However, the connection of alkyl/aryl-silyl termini
of variable sizes requires specific strategies compatible with their resistances toward acid and basic
conditions. For the poorly reactive tert-butyldiphenylsilyl derivatives (TBDPS), the adequate silyl
chloride was coupled to the liphophilic hydroxybenzaldehyde 1 to give the silylether 2, which was
further oxidized into the Si-containing carboxylic acid 3.% Subsequent esterification with OCB'” in
presence of dicyclohexyl-carbodiimide as activator provided TBDPSO-C;oH3-LC"” in good yield
(Scheme 2, right part). The more sensitive tert-butyldimethyl silyl substituent (TBDMS) did not
tolerate the acidic Lindgren conditions (NaClO,/sulfamic acid) used for aldehyde oxidation.”’ The
decyl chain bearing the TBDMS residue 4 was therefore connected to para-hydroxybenzoic-
methylester to give 5, which was hydrolyzed under basic conditions to give the target silylether 6.

Esterification with OCB'” yielded TBDMSO-CyoH-LC™? in fair yields. Finally, acidic

Page 8 of 39
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deprotection in presence of fluoride anions quantitatively gave HO-C1oH-LC™ (Scheme 2, left

part).”

HO—(CH,);y—Br

I
Imidazole/DMAP K,COy/KI

1% Sl_(l HOOCHO 86%
—- —O0—(CH,),p—Br HO_(CHz)lo‘OOCHO

4 1
Imidazole/DMAP
K,CO,/18-C-6 Q
1-[0—<j>7c02c1-[3 78%

+S|1_O (CHy)10-0

X =O0CH; : 5

90%

4\‘81—0 (CH,)9-0O

170, | KOH 090, | NaCIO:
° | EtOH/H,0 * | H,Ns0,H

X=0OH:6 «— X=0OH:3 +—

A B
OCB" C
A B

X

DCC/DPTS
4-ppy

DCC/DPTS b
H
0 98-99%
o

D
C
4-ppy OCB"*? H H H
93-99% | ocB*™ CH, H H
OCB*® H CH, H
OCB"S H H H
OCB?? CH, CH, H

0O A B
R(CH2)1004®_<
W, Q ox

R= SI1 o—

TBDMSOC,H,,-LC"J
Zn(BF,), | 93-99%
THF/H,0 ‘

R=0OH TBDPSOC10 50-LC™d

o_m

HOC, H,,-LC"

Scheme 2 Synthesis of calamitic cyanobiphenyls R-CyoHz-LC*? (DCC = NN-
dicyclohexylcarbodiimide, DPTS = 4-[(dimetylamino)pyridinium]-4-toluenesulfonate,
4-ppy = 4-pyrrolidinopyridine, DMAP = 4-(dimethylamino)pyridine).

All substituted cyanobiphenyl molecules were isolated as amorphous oils, waxes or solids, the

elemental analyses of which indicate the retention of traces of dichloromethane in the silyl-

containing compounds TBDPSO-Clono-LC”‘ and TBDMSO-Clono-LCi”i and of water for HO-
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C1oHa-LC™Y (Table S1 in the ESI). 'H NMR and *C NMR spectra confirm the chemical structures

shown in Scheme 2, together with the presence of traces of solvents. Thermogravimetric analyses
established that (i) solvent contaminations are smoothly removed in the 25-125 °C range (weight
loss < 1%), (ii) all compounds remain intact below 190-200°C and (iii) decompositions with
significant weight losses occur only for 77 >200 °C (Table S2 and Figure S1, ESI). Upon heating
solid samples of TBDPSO-C1¢H3-LC"Y, TBDMSO-CoH20-LC"? and HO-CoH;-LC"?, variable
enantiotropic fluidic birefringent textures are observed by Polarized Optical Microscopy (POM),
except for the dimethyl compounds RO-CjgHa-LC*** which display only monotropic mesophases
(Table 1 and Fig. 2; Figs S2-S4 in the ESI). This behaviour is characteristic for the implementation
of specific arrangements of the molecules in the liquid crystalline phases (Fig. 3 and Table 1),
which can be assigned to either smectic A (focal conic fan textures with homoetropic areas

illustrated in Fig. 2a) or nematic (schlieren textures illustrated in Fig. 2b) organizations.

Figure 2 Selected polarized optical micrographs of a) TBDMSO-CyH-LC"? at 373 K
(smectic A phase showing focal conic fan textures with homeotropic areas) and b) HO-

C10H20-LC0”3 at 410 K (nematic phase showing schlieren textures).

Table 1  Transition temperatures, enthalpies and entropies for H25C12-LCi”i, HO-C 10H20-LCi”i,
TBDMSO-C1¢H3-LC"? and TBDPSO-C14H;-LC"? (DSC, 10 K-min™).

T AHy ASi; References

Compounds Transitions “ , | Lo
/°C (K) /kJ-mol™ /J'mol K

Page 10 of 39
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o o Cr — SmA 100 (373) 46.0 12322 5
e SmA — 1 218 (491) 3.7 7.4
Cr — SmA 95 (368) 383 111.0 15
H,5C,-LC*?° SmA — N 138 (411) - -
N1 153 (426) 1.6 3.7
ey et Cr—N 81 (354) 43.7 123.2 15
e N—1 133 (406) 12 2.9
Cr — SmC 86 (359) 52.8 147.8 15
H,sC,-LC"? SmC — N 146 (419) - -
N1 149 (422) 0.7 1.7
I Cr— 1 91 (364) 53.9 147.7 15
we (I — NY° 69 (342) ; ]
OG0 Cr—N 121 (394) 49.0 1244 This work
I N1 214 (487) 1.2 2.5
HOACH L G—N 115 (388) ¢ - - This work
e N1 161 (434) 47 10.8
OG0 Cr—N 106 (379)  120.0 316.7 This work
S N1 134 (407) 5.8 142
OGO Cr—N 102(375) 1293 344.9 This work
S N1 136 (409) 3.0 7.4
oG (T2 Cr— 1 99 (372) 156.4 420.3 This work
ST (I — N 68 (341) - ;
. Cr—SmA 59 (332) 038 128.8 This work
TBDMSO-C,(H-LC"
SmA — I 185 (458) 17.9 39.0
3o G—SmA -32 (241) - - This work
TBDMSO-C,(H,-LC"
SmA — 1 111 (384) 3.8 9.9
., Cr—SmA 46 (319) 18.2 57.1 This work
TBDMSO-C;(H,y-LC"
SmA — 1 90 (363) 3.5 9.6
y3 Cr— SmA 60 (333) 20.6 61.8 This work
TBDMSO-C;(H,-LC" -
SmA — 1 130 (403) 43 10.7
., Crol 55 (328) 323 98.4 This work
TBDMSO-C;(H,y-LC" .
(1— SmA) 16 (289) 2.4 8.1
. GoSmA 40 313)7 - - This work
TBDPSO-C;H,y-LC"
SmA — 1 115 (388) 5.2 13.3
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TBDPSO-CyoHygLC™ G — SmA -17 (256) - - This work
SmA — I 40 (313) 1.8 5.8
G -G -98 (175) - - This work
TBDPSO-CjoHy-LC*® G — SmA -30 (243) - -
SmA — I 11 (284) 1.0 3.5
- G — SmA -17 (256) - - This work
TBDESO-Croflar-LC SmA — 1 52 (325) 2.1 6.5
FRDPSO-CyoHyp LG22 G -G -68 (205) 0.8 3.9 This work
G-I -15 (258) - -

“SmA = smectic A phase, SmC = smectic C phase, N = nematic phase, Cr = crystalline state, G =
glassy state, [ = isotropic liquid. b Transition temperatures (onset point) were obtained during the
second heating run. Glass transition temperatures (midpoint) were obtained during the first cooling

n. © Monotropic transition. 4 Transition not detected by DSC, but estimated by POM.

T/K I Nematic O Monotropic
550 | [ Smectic C nematic
500 | [ Smectic A n Monotropic

Il Crystal smectic A
450 B Glass
400
350
300 |
250
200
150 W22 L AL PL AL VYL PL L PL L VL AL PL Pl Lt L vl b
<® Y
\ } \ /
Y Y Y Y
H,C,,-LC" HOC,(H,-L.C"Y  TBDMSOC, H,y-LC"V TBDPSOC, H,,-LC?V

Figure 3 Mesomorphic ranges and observed thermotropic mesophases for TBDPSO-C;oHz-
LCi”i, TBDMSO-C;oHz0-LC"7 and HO-C1oHzo-LC™¥ (scan rate 10 K/min) compared
with those previously reported for HpsCy-LC'7.1°

Variable-temperature small-angle X-ray scatterings confirm these assignments since no low-angle

diffraction pattern could be detected for the nematic mesophases obtained upon heating of HO-

C1oHa-LC™7 (Figs S5-S13, ESI). The observation of one strong sharp peak (doo1), sometimes

accompanied by a weaker harmonic reflection (do;) are diagnostic for the formation of smectic A

Page 12 of 39
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mesophases for TBDPSO-C1gHy-LC"?, TBDMSO-CoH,-LC"? (Figs S14-S32, ESI), the periodic

interlamellar distances of which lie in the 45.64-56.03 A range, a trend in line with the formation of

partial interdigitated bilayers (Appendix 1 in the ESI).

0 CH,
a) HOC10H200_©_< -/ 7\
(0] CN

+ CH, + CH, CH;

600;%\/\

10 methyl 1 methyl 2 methyls

500 . . Clearing
5 400 oo
& melting | B Slopey. L _ 526
‘ Slopemelling
300 4
200

780 800 820 840

molecule

b) R- C10H200_©_<
CN

+G,H;s

++Sl o- + —|—s, o—

600 § -
Z HO Q !
: Sl (O
500 1 TBDMSO
Y, 1) ¢ Clearing TBDPSO
w5 400 T
] el ¥ Slope,
300 7 melting Mzo_ﬂ
] Slopemelting
200 1 ' '

750 850 950 1050 1150 1250
/A3

Figure 4 Melting and clearing temperatures observed a) for HO-C1oHa-LC"? upon successive

molemle

methylation of the cyanobiphenyl heads and b) for R-CoHp-LC"~ upon successive
connection of bulky groups to the flexible alkyl tails. Violecute are the Connolly volumes
% computed for the gas-phase optimized structures (Appendix 1 in the ESI). The linear

dotted traces are guides for the eyes.
As previously reported for H25C12-LC"”",16 the successive methylation of TBDPSO-CIOHZO-LCi”i,
TBDMSO-C10H20-LC’.”’. or HO-C10H20-LCi’J decreases the clearing temperatures, while the
melting temperatures are much less affected (Figs 3 and 4). The domain of existence of the liquid

crystalline phases are thus reduced from A7 = 100 K for non-methylated cyanobiphenyls to AT = 50
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K for monomethylated derivatives and A7 = 0 K for dimethylated compounds (Fig. 4a and Fig. S33,

ESI). Plots of the transition temperatures for each specific methylated cyanobiphenyls cores in
function of the increasing size of their flexible chains along the HO-C10H20-LCi”i < H25C12-LCi”i<
TBDMSO-C¢H3-LC"7 < TBDPSO-C1oH;0-LC"7 series show that the tail perturbation decreases
both melting and clearing temperatures concomitantly (Fig. 4b and Fig. S34, ESI). In summary, the
methyl substitution of the aromatic cyanobiphenyl core controls the magnitude of the temperature
domain over which the mesophase exists, while the tail substitution fixes the temperature of the
centroids of the liquid crystalline domain. Consequently, RO-C1gHao-LC"” scaffolds displaying
room temperature liquid crystalline properties together with a significant temperature domain of

existence requires a bulky silyl tail (R = TPDPSO) and no methyl substituent.

Thermodynamics of phase transitions and cohesive Gibbs free energy densities in substituted
cyanobiphenyls RO-C;oH0-LC"?. Differential scanning calorimetry (DSC) traces recorded for
RO-C10H20-LCi”i (Fig. 5 and Figs S35-S37, ESI) confirm the thermal behaviours established by
polarized optical microscopy (Fig. 3 and Table 1), which are completed by minor kinetically-
delayed reorganization processes for HO-C10H20-LC2”0 (Fig. 5a), TBDMSO-CIOHZO-LCZ”0 (Fig.
S36b) and TBDMSO-CIOHZO-LCZ”2 (Fig. S36d and Appendix 2 in the ESI). Transition enthalpies
and entropies for the melting (AHn, ASy,) and isotropization processes (AHicaring, AScicaring) Were
estimated during the second heating runs by integration of the DSC signals recorded at both 10 K

min? (standard conditions, Table 2) and at 0.5 K min”

for minimizing deviations from
thermodynamic equilibria (Table S4, ESI). The calculated enthalpy and entropy contributions at the
phase transition temperatures are similar at both scan rates (Figs S35-37, ESI) and only the data

recorded at standard 10 K min™ are discussed in the rest of the text (those recorded at 0.5 K min™

are mentioned in the ESI for comparison).
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DSC thermographs of a) HOC;oHz-LC**", b) TBDMSOC;oHz-LC*™ and ¢)
TBDPSOC10H20-LC2”0 (scan rate 10 K/min, heating cycle with red downward peaks,
cooling cycle with blue upward peaks). G = glass, Cr = crystal, SmA = smectic A, N =

nematic, I = isotropic liquid and * = kinetically-delayed reorganization.
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Table2  Thermodynamic parameters (AH, and ASy) and transition temperatures (7) for the phase transitions H25C12-LC’.”’I,16 HO-C10H20-LCi”i,
TBDMSO-CIOHZO-LC’.”’. and TBDPSO-CIOHZO-LCi”i and associated cohesive Gibbs free energies in the solid (CFEDsig) and liquid

crystalline (CFEDj;q.cryst) States (scan rate = 10 K-min™).

Compounds Vinol AHpeiting ASmetiing”  Tmetine CFEDsolia©  AHucaring?  AScicaring’  Tetearine  CFEDggeeryst @
/molem™®  /kJmol'  /Fmol’.K' /K Jem®  kImol’  /Jmol’ K" /K /J-cm™
H,5C1-LC"? 488.5 46.0(5) 123(1) 373 3.2(7) 3.66(7) 7.5(1) 491 1.5(2)
H,5C1-LC*° 504.1 38.3(4) 104(1) 368 1.6(5) 1.57(3) 3.7(1) 426 0.24(8)
H,5C1-LC*?° 503.4 43.7(4) 123(2) 354 -1.5(6) 1.19(2) 2.9(1) 406 0.07(7)
H,5Cpp-LC"7 503.5 52.8(5) 147(2) 359 -0.4(7) 0.70(2) 1.7(1) 422 0.10(4)
H,5C,-LC*? 517.7 53.9(5) 148(2) 364 1.1(7) 4 4 4 4
HO-CjoHz-LC"™ 472.0 49.0(5) 124(1) 394 8.9(7) 1.23(2) 2.5(1) 487 0.50(7)
HO-CjoHz-LC*™ 489.2 ¢ ¢ ¢ ¢ 0.97(2) 2.2(1) 434 0.19(5)
HO-CjoHz-LC*? 489.0 28.3(3) 74.6(7) 379 2.9(4) 1.36(2) 3.4(1) 407 0.09(8)
HO-CyHy-LC"™" 488.7 30.5(3) 81.3(8) 375 2.5(4) 0.71(2) 1.7(1) 409 0.06(4)
HO-C;oHz0-LC** 503.6 39.0(4) 105(1) 372 2.4(5) 4 4 I I
TBDMSO-CoHy-LC""° 604.0 14.7(2) 44.2(4) 332 2.1(2) 6.1(1) 13.4(4) 458 1.4(3)

TBDMSO-C;oH,-LC*™ 622.6 e e ¢ ¢ 3.78(8) 9.8(2) 384 -0.2(2)
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TBDMSO-CoH;-LC*? 622.1 18.2(2) 57.0(6) 319 -3.8(2) 3.51(7) 9.7(2) 363 -0.5(2)
TBDMSO-C4Hy-LC"™~ 622.2 20.6(2) 61.8(6) 334 -2.6(2) 4.34(9) 10.8(2) 403 0.2(2)
TBDMSO-CyH3-LC*" 637.4 e e ¢ ¢ 2.52(5) 8.8(2) 286 -1.5(1)
TBDPSO-C;oH,-LC"™ 716.1 e e ¢ ¢ 2.60(5) 6.7(1) 388 0.0(1)
TBDPSO-C;oHy-LC*™ 730.5 e e ¢ ¢ 1.82(4) 5.8(1) 313 -0.64(8)
TBDPSO-C;oH,-LC*™ 729.0 e e ¢ ¢ 0.97(3) 3.4(1) 284 -0.52(5)
TBDPSO-C;oHy-LC"" 729.7 ¢ ¢ ¢ ¢ 2.09(4) 6.4(1) 325 -0.60(9)
TBDPSO-CyHy-LC* 744.5 e e ¢ ¢ 4 4 4 4

28 b

“ The specific molar volumes Vy, are deduced from the Connolly volume estimated for the optimized gas-phase structures Vol = NAv- Vnolecule-

= AGL,

solid — cohesion,m

Obtained by DSC at the transition temperatures (10 K/min). © CFED /Vmol = AHT" —T™AS™" with T = 360.3 K (eq. 6). ¢

= AGT

lig-cryst cohesion,c

CFED / V. = AHT" T AS™ with T~ =3933 K (eq. 7).  Glass transition.” Non-mesogenic.

clearing
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Since the minor chemical perturbation induced by the connection of methyl groups to the polar
heads, or by the attachment of flexible alkyl chains of increasing polarizabilities (R = OH <
TBDMSO < TBDPSO) at the non-polar tails do not drastically alter the average minimum
intermolecular contact distances in the condensed phases, both melting and clearing processes
exhibit linear enthalpy/entropy compensations for the four series of cyanobiphenyls HO-CjoHz-
LC", HysCy-LC™7, TBDMSO-C1oH;p-LC"? and TBDPSO-C;oHy-LC? (Figs. $S38-S39, ESI).”
It is therefore acceptable to select only two reference temperatures T taken as the average of the

observed phase transition temperatures for the melting (anff = 360.3 K) and clearing (7% = =

clearing
393.3 K) processes. With this in mind, the cohesive Gibbs free energy densities in the solid state at
360.3 K (CFEDq,jiq collected in Table 2, Fig. 6 and Fig. S40, ESI) and in the liquid crystalline state

at 393.3 K (CFEDjiq-cryst collected in Table 2, Fig. 7 and Fig. S41, ESI) are easily obtained with the

help of eqs (6)-(7) and using the transition enthalpies (AH ., and AH ., ) and entropies (

A4S, ing and A4S, ) estimated at Tieiting, and T, Clearing,lz together with the specific molar volumes

Vmol taken as the Connolly volumes estimated for the optimized gas-phase structures (Table S6-S7,
ESI).?® Each cyanobiphenyl derivatives is thus characterized by a <Ti;CFED> point in the plots of
CFED in function of the transition temperatures of solids (Fig 6) or of liquid crystals (Fig. 7).
Reminding here that the cohesive free energy densities CFED have Pascal units (Figs 6-7) and are
proportional to the change in ‘chemical pressure’ produced by the chemical perturbation affecting
each compound with respect to a common reference within a family of compounds obeying
enthalpy/entropy compensation (eq. 12), the traces obtained along a given chemical perturbation in
Figs 6-7 are reminiscent to solid-liquid crystal boundary, respectively liquid crystal-liquid
boundary." Consequently, these phase boundaries can be tentatively approached with the help of
Clapeyron equation in its integrated form (eqn 13),>* in which the enthalpy of the phase transition
(AH}) and the change in volume accompanying the phase transition (AV};) can be tought as those of
the virtual reference compound, which generates the series compounds submitted to the successive

chemical perturbations.'’
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P—P“fzﬂln[ T j (13)

AV, Tt

tr

When T is close to the reference temperature 7°', as it is the case for both melting and clearing

temperatures collected for HO-C10H20-LCi”i, HysC-LC™7, TBDMSO-CoH-LC™? and

TBDPSO-CIOHZO-LCi”i, the logarithm can be approximated with
ln(T/Tref) = ln(1+(T—T”f)/Tref) ~ (T—Tmf)/Tref and eq. (13) becomes the equation of a

straight line (eq. 14), which is well suited for modeling minor perturbations.**

pP-pP = Tﬂf]ji“Vtr (7-17)

(14)

The solid-liquid crystal boundaries (Fig. 6) and liquid crystal-isotropic liquid boundaries (Fig 7)
fitted with Clapeyron eq. (13) globally reproduce the trend found for the experimental CFED versus
Ti: plots generated by the tail and by the head perturbations applied to the RO-CoHy-LC™7 family
(full black traces in Figs 6 and 7).3 O We also note that local linear correlations according to eq. (14)
can be identified (dotted colored traces in Figs. 6 and 7). Focussing on the melting processes (Fig.
6), we observe that the successive methylations of the aromatic cyanobiphenyl cores (= head
perturbation) have only minor effects on the melting temperatures as long as the flexible alkyl

chains is not too polarizable. Large absolute cohesive entropy densities 0.24(1) <

|Seren| = (OCFED/OT ), < 0.31(6) JK'-em’ are thus measured for the stepwise methylation of

H25C12-LCi”i (blue dotted line in Fig. 6a) and HO-CIOHZO-LCi”i (red dotted line in Fig. 6a).
Alternatively, the connection of alkyl tails of increasing size and polarizabilities provides flater
slopes 0.11(3) < |SCFED| = (8CFED/@T)P <0.17(4) I’ K -cm (Fig. 6b), which lead to the conclusion

that the melting temperatures are amenable to larger tuning upon chemical perturbation of the non-

polar flexible tails.
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a) Influence of head perturbation
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Figure 6 Cohesive free energy densities (CFED, scan rate = 10 K min™) versus transition
temperatures for the melting processes highlighting a) the influence of head substitution
and b) the influence of tail substitution. The full black traces correspond to the solid-
liquid crystal boundary fitted with Clapeyron equation (eq. 13 using an optimized

AH | AV, ratio).”® The dotted colored traces show local linear correlations (eq. 14) for

a) a given tail substitution and b) a given head substitution.

For the clearing processes, the measured absolute cohesive entropy densities 0.005(2) <
|Scren| = (OCFED/OT ), <0.018(2) J-K'-cm® (Fig. 7) are one to two orders of magnitude smaller
than those found for the melting processes (Fig. 6), which implies that the chemical perturbations

applied to both polar head (methylation) and flexible tails (bulky silyl groups) have considerable

influence on the clearing temperatures.
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a) Influence of head perturbation
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Figure 7 Cohesive free energy densities (CFED, scan rate = 10 K min™) versus transition
temperatures for the clearing processes highlighting a) the influence of head substitution
and b) the influence of tail substitution. The full black traces correspond to the liquid
crystal-liquid boundary fitted with Clapeyron equation (eq. 13 using an optimized

AH, |/ AV, ratio).”® The dotted colored traces show local linear correlations (eq. 14) for

a) a given tail substitution and b) a given head substitution.
Practically speaking, the latter quantitative thermodynamic analysis can be exploited upon plotting
the transition temperatures of HO-C10H20-LCi”i, H25C12-LCi”i, TBDMSO-CIOHZO-LCi”i and
TBDPSO-C1oHy-LC™? in function of their molecular volumes (Fig. 4 and Figs S33-34).
Successive methylations of the polar aromatic cyanobiphenyl cores decrease the clearing
temperatures much ‘faster’ than the related melting temperatures. Consequently, the considerable

ratio of the two pseudo-linear correlations 1.91 < Slopecicaring/Slop€meliing < 14.06 drastically limits
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the liquid crystalline properties of polymethylated cynobiphenyl derivatives (Fig. 4a and Fig. S33,

ESI). Stepwise connections of substituents of increasing polarizability at the termini of the alkyl
chain have roughly the opposite effect leading to small ratio 0.71 < Slopecicaring/ SlOp€meiting < 1.29
(Fig. 4b and S34). Altogether, polymethylation of the rigid core must be avoided, while large silyl
groups should be connected at the termini of the flexible tail for maximizing the temperature
domain of existence of the mesophase in these cyanobiphenyl derivatives. Translated in term of

19511 5ne can say that successive methylation of the cyanobiphenyl cores

micro-segregation theory,
reduces the polarity of the aromatic segment, which favours mixing of the antagonistic part of the
amphiphilic molecules. On the other hand, the substitution of the apolar alkyl chain with silyl
groups has only minor effects on the polarity of this segment and demixing is maintained in these
conditions. The latter thermodynamic approach appears quite general and can be used for
quantitatively analyzing various types of chemical perturbations such as the famous polycatenar
effect, which drastically shifts the domain of existence of liquid crystals when diverging long alkyl

chains are connected, for instance, to mesogenic rod-like 2,2’-bipyridine derivatives (Fig. Sa)31 or

2,6-bis(benzimidazol-2-yl)pyridine derivatives (Fig. 8b).>> Submitted to the CFED analysis (Fig. 9),

IA

unusually small absolute cohesive entropy densities are computed in the solid state 0.11

|SCFED|=(8CFED/6T)P < 0.13 JK'.cm® (Fig. 9a), which can be compared with 0.24

IA

|Scren| = (FCFED/OT ) , <0317 K'-cm® found for the cyanobiphenyls HO-C1gHzo-LC"?, Hy5C,-

LC"’ (Fig. 6a). We suspect that the reduction of the phase cohesion brought by the connection of
diverging alkyl chains for polycatenars in the solid state along the two series L1—-L2—L3 and
L4—L5—L6 is compensated by a concomitant large increase in molar volumes, which limits the
emergence of large cohesive entropy densities. Consequently, some drastic and remarkable decrease
of the melting temperatures can be induced upon successive connections of diverging alkoxy chains

(black traces in Fig. 8). Alternatively, the absolute cohesive entropy densities measured in the

mesophases upon polycatenar effect (0.013 < S, = —(0CFED/dT), < 0.021 JK'.cm’® (Fig. 9b)
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are similar to those reported for cyanobiphenyls (0.005 < S, =—(8CFED/oT )P < 0.017 J.K

".em’ in Fig. 7), which ensures clearing temperatures high enough to maintain large domains of

existence for the liquid crystalline phases in polycatenars (red traces in Fig. 8).

O
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Figure 8 Melting and clearing temperatures observed in a) 2,2’-bipyridine polycatenars’' and b)

in 2,6-bis(benzimidazol-2-yl)pyridine polycatenars’> upon successive connections of
diverging flexible dodecyloxy chains. Vpoiecule are the Connolly volumes®® computed for

the gas-phase optimized structures. The linear dotted traces are guides for the eyes.
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Figure 9 Plots of cohesive Gibbs free energy densities (CFED) versus transition temperatures

computed for a) melting and b) clearing processes occurring in the polycatenar

ligands L1-L3 (red traces)’’ and L4-L6 (blue traces).”” The dotted colored traces

show the local linear correlations, from which the cohesive entropy densities induced

by the polycatenar effect in each series are estimated.

Conclusion

The thermodynamic investigation of the phase transitions occurring in the mesogenic substituted

cyanobiphenyls HO-C1gHzy-LC"?, H5C12-LC"Y, TBDMSO-C14H;-LC"? and TBDPSO-C;oHa-

LC"’ confirms that the cohesion Gibbs free energy density (CFED) estimated at a common

reference temperature for a series of compounds obeying H/S compensation can be interpreted as

pressure increments produced by a specific ‘chemical perturbation’, which stepwise shifts the phase

transition temperatures (7 or Teicaring). The CFED versus T plots are therefore closely related to P-

T diagrams, where the slopes of local linear phase boundaries represent to cohesive entropy

densities, which can be exploited for programming melting and clearing temperatures in liquid

crystals. A steep slope reveals a minor dependence of the transition temperatures upon the
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considered chemical perturbations, the reverse situation being pertinent for a flat slope. In term of
intermolecular cohesion, a large cohesive entropy density can be understood as the induction, by the
selected perturbation, of major modifications in the organization of the phase for a minimal volume
increase. It is therefore expected (an observed) that chemical perturbations operating in solid
phases, where intermolecular interactions are tighter, provide larger cohesive entropy densities than
those monitored in less compact liquid-crystalline phases. Applied to calamitic cyanobiphenyl
mesogens possessing variable methyl substitutions and tail sizing, the large slopes found for the
crystal—>liquid crystals melting processes (Fig. 6) point to a limited tuning of the melting
temperature (7,,,) imposed by these perturbations. We however note that connections of polarizable
silyl groups at the end of the flexible apolar alkyl chains (Fig. 6b) produce larger effects on 73, than
methylation of the cyanobiphenyl cores (Fig. 6a). On the contrary, the flat liquid-crystal—>isotropic
liquid boundary characterizing the clearing processes (Fig. 7) implies that both perturbations

significantly affect the clearing temperatures.

Experimental

Solvents and starting materials. Chemicals were purchased from Sigma-Aldrich and Acros and
used without further purification unless otherwise stated. Methylated 4’-hydroxy-4-cyanobiphenyls
OCB"’*",13 H25C12-LCi’J compounds,15 and 10-bromodecan-1-01*> were prepared according to
published procedures. THF and dichloromethane were dried trough an alumina cartridge. Silica-gel
plates (Merck, 60 F,s4) were used for thin-layer chromatography, SilicaFlash® silica gel P60 (0.04-
0.063 mm,) was used for preparative column chromatography.

Synthesis of TBDPSO-CigH-LC'?, TBDMSO-CyoHz-LC'? and HO-CjoHy-LC"7.
Abbreviations: DCC = N,N’-dicyclohexylcarbodiimide, DPTS = 4-[(dimetylamino)pyridinium]-4-
toluenesulfonate, 4-Ppy = 4-pyrrolidinopyridine, DMAP = 4-(dimethylamino)pyridine, TBDPS =
tert-butyldiphenylsilyl, TBDMS = tert-butylmethylsilyl.

Preparation of  [4-(dimethylamino)pyridinium  4-toluenesulfonate] (DPTS): 4-

(Dimethylamino)pyridine (DMAP) (20.00 g, 163.71 mmol) and 4-toluenesulfonic acid (28.19 g,
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163.71 mmol) were added to toluene (400 mL) in a 1L flask where a dean-stark apparatus was
placed on top. The solution was refluxed for 24h by taking care of water elimination. The mixture
was then cooled to room temperature and filtered. The solid was then crystallized in CH,Cl, to
afford pure DPTS (40.51 g, 84%) as white needles. 'H-NMR (400 MHz, DMSO-d°) §=8.21 (d,*J
= 7.7 Hz, 2H), 7.48 (d, °J = 8.1 Hz, 2H), 7.11 (d, >J = 7.8 Hz, 2H), 6.98 (d, *J = 7.7 Hz, 2H), 3.17
(s, 6H), 2.28 (s, 3H). *C NMR (100 MHz, DMSO-d°) = 157.48, 145.99, 140.00, 138.47, 128.74,
126.11, 107.56, 40.20, 21.39.

Preparation of compound 1. A solution of 10-bromodecanol (9.85 g, 41.52 mmol), 4-
hydroxybenzaldehyde (4.23 g, 34.60 mmol), K,COs (11.48 g, 83.04 mmol) and a catalytic amount
of KI in butan-2-one (200 mL) was stirred at refluxed for 24 hours. After cooling at room
temperature, the solvent was removed under reduced pressure, and the residue was taken up in
water and extracted with CH,Cl,. The organic layer was dried over Na,SO,4 and evaporated to
dryness. The crude product was purified by column chromatography (SiO,, hexane/EtOAc 75:25) to
give pure 2 (8.26 g, 86%) as a white solid. 'H-NMR (400 MHz, CDCl;) 6= 9.87 (s, 1H), 7.82 (d, *J
= 8.8 Hz, 2H), 6.98 (d, °J = 8.7 Hz, 2H), 4.03 (t, °J = 6.5 Hz, 2H), 3.63 (t, °J = 6.6 Hz, 2H), 1.84-
1.77 (m, 2H), 1.60-1.53 (m, 2H), 1.50-1.42 (m, 2H), 1.39-1.31 (m, 10H). "C-NMR (100 MHz,
CDCl3) 6=190.98, 164.39, 132.12, 129.86, 114.87, 68.54, 63.15, 32.90, 29.62, 29.57, 29.51, 29.43,
29.16, 26.06, 25.85.

Preparation of compound 2. A solution of 1 (3.00 g, 10.78 mmol), TBDPS-CI (2.8 mL, 10.78
mmol), imidazole (2.94 g, 43.12 mmol) and a catalytic amount of DMAP in dry CH,Cl, (20 mL)
was stirred at room temperature for 24 hours. The reaction mixture was partitioned between EtOAc
(100 mL) and H,O (20 mL). The organic layer was washed with brine (3x20 mL), dried over
Na,SO4 and evaporated to dryness. The crude product was purified by column chromatography
(SiO,, CH,CL) to give pure 2 (5.01 g, 90%) as a colorless oil. 'H-NMR (400 MHz, CDCls) 5= 9.89
(s, 1H), 7.83 (d, °J = 8.7 Hz, 2H), 7.68 (m, 4H), 7.40 (m, 6H), 7.00 (d, °J = 8.7 Hz, 2H), 4.05 (t,°J

= 6.6 Hz, 2H), 3.67 (t, *J = 6.5 Hz, 2H), 1.86-1.79 (m, 2H), 1.61-1.54 (m, 2H), 1.51-1.44 (m, 2H),
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1.40-1.29 (m, 10H), 1.06 (s, 9H). >C-NMR (100 MHz, CDCls) 5= 190.84, 164.29, 135.59, 134.83,

134.21, 132.01, 129.76, 129.50, 127.73, 127.58, 114.77, 68.44, 64.01, 32.59, 29.53, 29.48, 29.36,
29.34, 29.08, 26.90, 25.98, 25.78, 19.25.

Preparation of compound 3. A solution of 2 (5.01 g, 9.69 mmol), NaClO, (4.38 g, 48.45 mmol)
and H,NSO3;H (5.17 g, 53.30 mmol) in THF (50 mL) and H,O (50 mL) was stirred at room
temperature for 2 hours. After evaporation of THF, the aqueous layer was extracted with CH,Cl,
(3x50 mL). The organic layer was dried over Na,SO4 and evaporated to dryness. The crude product
was purified by recrystallization in hexane to give pure 3 (5.16 g, 100%) as white needles. 'H-NMR
(400 MHz, CDCls) 5= 8.06 (d, °J = 8.9 Hz, 2H), 7.68 (m, 4H), 7.39 (m, 6H), 6.94 (d, °J = 8.9 Hz,
2H), 4.03 (t, °J = 6.6 Hz, 2H), 3.66 (t, °J = 6.5 Hz, 2H), 1.85-1.78 (m, 2H), 1.60-1.53 (m, 2H),
1.50-1.43 (m, 2H), 1.38-1.28 (m, 10H), 1.05 (s, 9H). PC-NMR (100 MHz, CDCls) § = 171.49,
163.83, 135.73, 134.34, 132.48, 129.62, 127.71, 121.43, 114.35, 68.44, 64.15, 32.72, 29.67, 29.62,
29.49, 29.24, 27.03, 26.13, 25.91, 19.38.

Preparation of compound 4. A solution of 10-bromodecan-1-o0l (17.97 g, 75.76 mmol), TBDMS-
CI1(13.70 g, 90.91 mmol), DMAP 850 mg, 7.58 mmol) and imidazole (7.74 g, 113.64 mmol) in dry
CH,ClI, (150 mL) was stirred at room temperature for 12h. The mixture was washed with H,O
(3x50 mL), brine (3x50 mL), dried over Na,SO, and evaporated to dryness. The crude product was
purified by column chromatography (SiO,, hexane/EtOAc 98:2) to provide 4 (18.89 g, 71%) as a
colorless oil. "H-NMR (400 MHz, CDCls) 6= 3.60 (t, >J = 6.6 Hz, 2H), 3.41 (t, °J = 6.9 Hz, 2H),
1.89-1.82 (m, 2H), 1.55-1.47 (m, 2H), 1.46-1.39 (m, 2H), 1.35-1.29 (m, 10H), 0.90 (s, 9H), 0.05 (s,
6H). "C-NMR (100 MHz, CDCly) § = 63.45, 34.17, 33.02, 32.98, 29.65, 29.52, 28.90, 28.32,
26.13,25.92, -2.3.

Preparation of compound 5. A solution of methyl-4-hydroxybenzoate (8.18 g, 53.75 mmol),
K,CO; (14.70 g, 106.30 mmol) and a catalytical amount of 18-Crown-6 in acetone (200 mL) was
stirred at room temperature for 30 minutes. Then, 4 (18.89 g, 53.75 mmol) was added and the

mixture was stirred under reflux for 3 days. The mixture was filtered and the precipitate was



Physical Chemistry Chemical Physics

28
washed with Et,0 (3x50 mL). After evaporation to dryness, the residue was dissolved in Et,O and

the organic phase was washed with H,O (3x100 mL), dried over MgSO, and evaporated to dryness.
The crude product was purified by column chromatography (SiO,, CH,Cl,) to give 5 (17.79 g, 78%)
as a white solid. "H-NMR (400 MHz, CDCl;) §= 7.98 (d, °J = 8.7 Hz, 2H), 6.90 (d, *J = 8.7 Hz,
2H), 4.00 (t, °J = 6.5 Hz, 2H), 3.88 (s, 3H), 3.60 (t, °J = 6.6 Hz, 2H), 1.83-1.76 (m, 2H), 1.54-1.42
(m, 4H), 1.38-1.30 (m, 10H), 0.90 (s, 9H), 0.05 (s, 6H). >C-NMR (100 MHz, CDCls) 6= 167.03,
163.08, 131.68, 122.43, 114.18, 68.31, 63.43, 51.93, 33.00, 29.67, 29.62, 29.54, 29.47, 29.24,
26.12,25.92, -5.10.

Preparation of compound 6. A solution of KOH (2.23 g, 39.74 mmol) in H,O (20 mL) was slowly
added to a stirred solution of 5 (14.00 g, 33.11 mmol) in EtOH (60 mL). The mixture was stirred at
reflux for 1h. After evaporation to dryness, the crude product was suspended with H,O and
acidified to pH = 1 with 2M HCI. The precipitate was filtered and dried under vacuum to lead to a
white solid. A small amount of unprotected alcohol was visible by '"H-NMR. Further purification by
column chromatography (SiO,, Hexane/EtOAc (3:1)) was required to obtain pure 6 (3.68 g, 27%)
as a white solid. '"H-NMR (400 MHz, CDCl;) &= 8.05 (d, °J = 8.9 Hz, 2H), 6.93 (d, °J = 8.9 Hz,
2H), 4.03 (t, °J = 6.6 Hz, 2H), 3.60 (t, °J = 6.6 Hz, 2H), 1.84-1.77 (m, 2H), 1.55-1.43 (m, 4H), 1.39-
1.31 (m, 10H), 0.90 (s, 9H), 0.05 (s, 6H). *C-NMR (100 MHz, CDCls) 6= 171.31, 163.82, 132.47,
121.42, 114.35, 68.44, 63.48, 33.03, 29.70, 29.64, 29.57, 29.49, 29.24, 26.14, 25.94, 18.54, -5.09.
General procedure for the preparation of TBDPSO-CIOHZO-LC"”". To a solution of OCB'¥ (1
eq.), 3 (1.1 eq.) and DPTS (1 eq.) in dry CH,Cl, (25 mL) stirred at 0°C, was added DCC (1.5 eq.)
and 4-ppy (spatula tip). The mixture was allowed to heat slowly to room temperature and stirred for
48h. After filtration, the solution was evaporated to dryness and the residue was purified by column
chromatography (SiO,, CH,Cl,) to afford pure TBDPSO-C1oH3-LC"?. Yields ranged from 98 to
99%.

TBDPSO-C;oH3-LC""": colorless wax (n = 99%). '"H-NMR (400 MHz, CDCl;) 6= 8.17 (d, *J =

8.9 Hz, 2H), 7.75 (d, >J = 8.4 Hz, 2H), 7.69 (m, 6H), 7.65 (d, °J = 8.6 Hz, 2H), 7.45-7.37 (m, 6H),
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7.34 (d, °J = 8.6 Hz, 2H), 7.00 (d, °J = 8.9 Hz, 2H), 4.06 (t, °J = 6.5 Hz, 2H), 3.68 (t, °J = 6.5 Hz,

2H), 1.87-1.80 (m, 2H), 1.61-1.54 (m, 2H), 1.53-1.45 (m, 2H), 1.41-1.30 (m, 10H), 1.07 (s, 9H).
BC-NMR (100 MHz, CDCls) 6= 164.97, 163.85, 151.73, 145.01, 136.82, 135.71, 134.32, 132.78,
132.49, 129.61, 128.48, 127.82, 127.70, 122.71, 121.33, 119.02, 114.51, 111.12, 68.50, 64.13,
3271, 29.65, 29.61, 29.84, 29.23, 27.01, 26.12, 25.90, 19.36. Elem. Anal. Calcd for
C46HsNO,Si-0.04CH,Cl, (713.38 gmol™): C 77.51, H 7.22, N 1.96; found: C 77.53, H 7.24, N
1.86.

TBDPSO-C;gH,-LC*™": colorless wax (n = 99%). '"H-NMR (400 MHz, CDCl;) 6= 8.18 (d, *J =
8.8 Hz, 2H), 7.73 (d, >J = 8.4 Hz, 2H), 7.68 (m, 6H), 7.50 (d, *J = 2.3 Hz, 1H), 7.47 (dd, *J = 8.2 Hz
and *J=2.4 Hz, 1H), 7.43-7.37 (m, 6H), 7.25 (d, *J = 8.1 Hz, 1H), 7.00 (d, >J = 8.9 Hz, 2H), 4.06 (t,
’J = 6.6 Hz, 2H), 3.67 (t, °J = 6.5 Hz, 2H), 2.31 (s, 3H), 1.87-1.80 (m, 2H), 1.60-1.54 (m, 2H), 1.53-
1.45 (m, 2H), 1.40-1.30 (m, 10H), 1.06 (s, 9H). *C-NMR (100 MHz, CDCl;) 6= 164.72, 163.86,
150.36, 145.25, 137.06, 135.72, 134.34, 132.74, 132.49, 131.48, 130.18, 129.62, 127.86, 127.71,
126.00, 123.07, 121.28, 119.10, 114.55, 111.00, 68.52, 64.14, 32.72, 29.67, 29.63, 29.49, 29.24,
27.02, 26.13, 25.91, 19.38, 16.62. ESI-MS (CH;O0H/formic acid 0.01%, soft pos. mode): m/z calcd
for C47HssNOsSi [M+H,0]" 741.4, found 741.5, C4HsgNO4Si [M+H]" 724.4, found 724.5,
C41H4gNO,Si [M-Ph]" 646.4, found 646.8. Elem. Anal. Calcd for C47Hs3NO4Si-0.2CH,Cl, (741.00
grmol™): C 76.51, H 7.26, N 1.89; found: C 76.49, H 7.48, N 1.70.

TBDPSO-C1gHa-LC**": colorless wax (n = 99%). '"H-NMR (400 MHz, CDCl;) 8= 8.16 (d, *J =
8.8 Hz, 2H), 7.73 (d, °J = 8.2 Hz, 2H), 7.68 (m, 4H), 7.46 (d, °J = 8.2 Hz, 2H), 7.43-7.36 (m, 6H),
7.25(d,*J=8.3 Hz, 1H), 7.16 (d, *J = 2.4 Hz, 1H), 7.12 (dd, >J = 8.2 Hz and *J = 2.4 Hz, 1H), 6.99
(d, >J = 8.8 Hz, 2H), 4.06 (t, °J = 6.5 Hz, 2H), 3.67 (t, °J = 6.5 Hz, 2H), 2.28 (s, 3H), 1.87-1.80 (m,
2H), 1.61-1.54 (m, 2H), 1.52-1.45 (m, 2H), 1.40-1.30 (m, 10H), 1.06 (s, 9H). *C-NMR (100 MHz,
CDCl3) § = 165.18, 163.80, 151.04, 146.20, 137.66, 136.90, 135.72, 134.33, 132.46, 132.18,
130.65, 130.23, 129.62, 127.70, 123.95, 121.48, 119.67, 119.04, 114.49, 111.03, 68.50, 64.14,

32.72, 29.67, 29.62, 29.49, 29.24, 27.02, 26.13, 25.91, 20.61, 19.37. ESI-MS (CH3OH/formic acid
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0.01%, soft pos. mode): m/z calcd for C47HssNOsSi [M+H,0]" 741.4, found 741.8, C47Hs4,NO,Si

[M+H]" 724.4, found 724.5, C4H4sNO4Si [M-Ph]" 646.4, found 646.8. Elem. Anal. Calcd for
C47H53NO,4Si-0.07CH,Cl, (729.96 gmol™): C 77.45, H 7.34, N 1.92; found: C 77.44, H 7.47, N
1.77.

TBDPSO-C;oH3-LC": colorless wax (n = 98%). '"H-NMR (400 MHz, CDCl;) 6= 8.16 (d, *J =
8.8 Hz, 2H), 7.68 (d, °J = 7.8 Hz, 4H), 7.63 (d, *J = 8.6 Hz, 2H), 7.54 (m, 1H), 7.49 (dd, >J = 8.0 Hz
and *J= 1.7 Hz, 1H), 7.42-7.36 (m, 6H), 7.32 (d, >J = 8.6 Hz, 2H), 6.99 (d, >J = 8.8 Hz, 2H), 4.06 (t,
3J=6.5 Hz, 2H), 3.67 (t, °J = 6.5 Hz, 2H), 2.63 (s, 3H), 1.87-1.80 (m, 2H), 1.60-1.54 (m, 2H), 1.53-
1.45 (m, 2H), 1.40-1.29 (m, 10H), 1.06 (s, 9H). *C-NMR (100 MHz, CDCl3) 6= 165.01, 163.85,
151.62, 144.89, 142.58, 137.05, 135.73, 134.34, 133.14, 132.50, 129.63, 128.98, 128.48, 127.71,
125.10, 122.62, 121.39, 118.37, 114.51, 111.57, 68.52, 64.14, 32.72, 29.67, 29.63, 29.49, 29.24,
27.02, 26.13, 25.91, 20.82, 19.38. ESI-MS (CH3;O0H/formic acid 0.01%, soft pos. mode): m/z calcd
for C47HssNOsSi [M+H,0]" 741.4, found 741.7, C4HssNO,Si [M+H]™ 724.4, found 724.5,
C41HygNO,Si [M-Ph]" 646.4, found 646.8. Elem. Anal. Caled for C47Hs3NO,Si-0.05CH,Cl, (728.26
g-mol'l): C 77.60, H 7.35, N 1.92; found: C 77.57, H 7.43, N 1.77.

TBDPSO-C1oH3-LC>*: colorless oil ( = 98%). '"H-NMR (400 MHz, CDCl3) 6= 8.16 (d, >J = 8.8
Hz, 2H), 7.68 (m, 4H), 7.59 (m, 1H), 7.54 (dd, >J=7.8 Hz and *J = 1.7 Hz, 1H), 7.45-7.36 (m, 7H),
7.25(d,*J=7.9 Hz, 1H), 7.16 (d, *J = 2.1 Hz, 1H), 7.11 (m, 1H), 6.99 (d, °J = 8.9 Hz, 2H), 4.06 (t,
3J=6.5 Hz, 2H), 3.67 (t, °J = 6.5 Hz, 2H), 2.13 (s, 3H), 2.06 (s, 3H), 1.87-1.80 (m, 2H), 1.61-1.54
(m, 2H), 1.52-1.45 (m, 2H), 1.41-1.30 (m, 10H), 1.06 (s, 9H). >*C-NMR (100 MHz, CDCl3) & =
165.13, 163.76, 150.80, 146.02, 137.88, 137.21, 137.04, 135.70, 134.31, 133.57, 132.42, 130.52,
129.74, 129.61, 129.58, 127.69, 123.46, 121.53, 119.41, 119.13, 114.48, 111.41, 68.48, 64.12,
3270, 29.65, 29.61, 29.47, 29.23, 27.01, 26.12, 25.89, 19.96, 19.86, 19.35. ESI-MS
(CH3;0H/formic acid 0.01%, soft pos. mode): m/z caled for C4gHs7NOsSi [M+H,0]" 755.4, found

755.7, C4sHssNO4Si [M+H]" 738.4, found 738.9, C4,HsoNO,4Si [M-Ph]" 660.4, found 660.5. Elem.
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Anal. Calcd for C4sHssNO4Si-0.01CH,Cl, (738.89 g'mol'l): C 78.01, H 7.55, N 1.90; found: C

78.01, H7.55,N 1.74.

General procedure for the preparation of TBDMSO-C;oH3-LC™.. To a solution of OCB*Y (1
eq.), 6 (1.1 eq.) and DPTS (1 eq.) in dry CH,Cl, (25 mL) stirred at 0°C was added DCC (1.5 eq.)
and 4-ppy (spatula tip). The mixture was allowed to heat slowly to room temperature and stirred for
48h. After filtration, the solution was evaporated to dryness and the residue was purified by column
chromatography (SiO,, CH,Cl,) to afford pure TBDMSO-CIOHZO-LCi”i. Yields ranged from 93 to
99%.

TBDMSO-C;oH;-LC""’: white solid (1 = 99%). '"H-NMR (400 MHz, CDCl;) 6=8.16 (d, *J=8.9
Hz, 2H), 7.74 and 7.69 (2d, AB system, *J = 8.7 Hz, 4H), 7.64 (d, >J = 8.6 Hz, 2H), 7.33 (d, *J = 8.6
Hz, 2H), 6.99 (d, °J = 8.9 Hz, 2H), 4.06 (t, >J = 6.5 Hz, 2H), 3.61 (t, °J = 6.6 Hz, 2H), 1.87-1.80 (m,
2H), 1.55-1.45 (m, 4H), 1.41-1.32 (m, 10H), 0.90 (s, 9H), 0.06 (s, 6H). "C-NMR (100 MHz,
CDCl;) & = 165.00, 163.87, 151.74, 145.04, 136.85, 132.80, 132.50, 128.50, 127.85, 122.72,
121.35, 119.04, 114.52, 111.15, 68.52, 63.47, 33.03, 29.70, 29.64, 29.57, 29.49, 29.24, 26.14,
25.95, 18.54, -5.10. Elem. Anal. Calcd for C36H47NO4Si-0.01CH,Cl, (586.70 g-mol'l): C 73.74, H
8.19, N 2.39; found: C 73.74, H 8.19, N 2.28.

TBDMSO-C;oH,-LC*"’: white solid (1 = 93%). "H-NMR (400 MHz, CDCl;) 6= 8.18 (d, *J=8.9
Hz, 2H), 7.73 and 7.68 (2d, AB system, °J = 8.6, 4H), 7.49 (m, 1H), 7.46 (m, 1H), 7.25 (d, °J = 8.0
Hz, 1H), 7.00 (d, >J = 8.9 Hz, 2H), 4.06 (t, °J = 6.6 Hz, 2H), 3.61 (t, °J = 6.6 Hz, 2H), 2.31 (s, 3H),
1.87-1.80 (m, 2H), 1.55-1.45 (m, 4H), 1.39-1.32 (m, 10H), 0.90 (s, 9H), 0.06 (s, 6H). *C-NMR
(100 MHz, CDCl3) § = 164.71, 163.86, 150.36, 145.24, 137.05, 132.72, 132.48, 131.46, 130.17,
127.84, 125.99, 123.06, 121.27, 119.08, 114.54, 111.00, 68.51, 63.46, 33.02, 29.69, 29.63, 29.56,
29.48, 29.23, 26.13, 25.94, 18.53, 16.61, -5.10. Elem. Anal. Calcd for C37H4oNO,4Si (599.87 g'mol
": C 74.08, H 8.23, N 2.33; found: C 73.96, H 8.38, N 2.20.

TBDMSO-C;oH3-LC*"’: white solid (1 = 96%). "H-NMR (400 MHz, CDCl;) 6=8.15 (d, *J = 8.7

Hz, 2H), 7.72 (d, >J = 8.0 Hz, 2H), 7.45 (d, >J = 7.9 Hz, 2H), 7.24 (d, °J = 8.1 Hz, 1H), 7.15 (m,
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1H), 7.12 (m, 1H), 6.99 (d, *J = 8.7 Hz, 2H), 4.05 (t, °J = 6.5 Hz, 2H), 3.61 (t, °J = 6.6 Hz, 2H),

2.28 (s, 3H), 1.86-1.80 (m, 2H), 1.56-1.45 (m, 4H), 1.39-1.32 (m, 10H), 0.90 (s, 9H), 0.05 (s, 6H).
BC-NMR (100 MHz, CDCls) 6= 165.19, 163.81, 151.05, 146.21, 137.67, 136.90, 132.46, 132.18,
130.65, 130.23, 123.95, 121.48, 119.67, 119.04, 114.49, 111.03, 68.50, 63.47, 33.03, 29.70, 29.64,
29.57, 29.50, 29.24, 26.14, 2595, 20.61, 18.53, -5.10. Elem. Anal. Calcd for
C37H4NO,4Si-0.03CH,Cl, (602.42 gmol™): C 73.83, H 8.21, N 2.33; found: C 73.88, H 8.34, N
2.20.

TBDMSO-C;oH,-LC"": white solid (1 = 94%). "H-NMR (400 MHz, CDCl;) 6=8.16 (d, *J=8.9
Hz, 2H), 7.68 (d, *J = 8.0 Hz, 1H), 7.63 (d, °J = 8.6 Hz, 2H), 7.54 (m, 1H), 7.49 (m, 1H), 7.32 (d, *J
= 8.6 Hz, 2H), 6.99 (d, °J = 8.9 Hz, 2H), 4.06 (t, °J = 6.6 Hz, 2H), 3.61 (t, >J = 6.6 Hz, 2H), 2.62 (s,
3H), 1.87-1.80 (m, 2H), 1.56-1.45 (m, 4H), 1.39-1.32 (m, 10H), 0.90 (s, 9H), 0.06 (s, 6H). *C-
NMR (100 MHz, CDCl;) § = 165.01, 163.85, 151.63, 144.89, 142.57, 137.05, 133.14, 132.49,
128.98, 128.47, 125.10, 122.62, 121.38, 118.37, 114.51, 111.57, 68.51, 63.47, 33.03, 29.70, 29.64,
29.57, 29.50, 29.24, 26.14, 2595, 20.81, 18.54, -5.10. Elem. Anal. Calcd for
C37H4NO,4Si-0.04CH,Cl, (603.27 gmol™): C 73.74, H 8.20, N 2.32; found: C 73.79, H 8.35, N
2.19.

TBDMSO-C;oH,-LC**: pale yellow oil (1 = 99%). 'H-NMR (400 MHz, CDCl;) 6= 8.16 (d, °J =
8.7 Hz, 2H), 7.58 (m, 1H), 7.54 (m, 1H), 7.24 (d, >J = 7.8 Hz, 1H), 7.16 (m, 1H), 7.10 (m, 2H), 6.99
(d, *J = 8.5 Hz, 2H), 4.06 (t, °J = 6.5 Hz, 2H), 3.61 (t, °J = 6.6 Hz, 2H), 2.13 (s, 3H), 2.06 (s, 3H),
1.87-1.80 (m, 2H), 1.55-1.45 (m, 4H), 1.41-1.32 (m, 10H), 0.90 (s, 9H), 0.06 (s, 6H). *C-NMR
(100 MHz, CDCl3) 6= 165.15, 163.78, 150.82, 146.04, 137.90, 137.23, 137.06, 133.58, 132.43,
130.54, 129.76, 129.60, 123.48, 121.56, 119.43, 119.15, 114.49, 111.44, 68.50, 63.46, 33.02, 29.69,
29.64, 29.57, 29.49, 29.24, 26.14, 25.94, 19.98, 19.87, 18.53, -5.10. Elem. Anal. Calcd for
C3sHsNO,4Si-0.02CH,Cl, (615.60 g'mol™): C 74.18, H 8.36, N 2.28; found: C 74.17, H 8.50, N

2.10.
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General procedure for the preparation of HO-C10H20-LC"”". A solution of Zn(BF4),-6H,0 (10

eq.) in H,O (5 mL) was added to a solution of TBDPSO-C;oH3-LC™7 (1 eq.) in THF (15 mL). The
mixture was stirred at 50°C for 72h. After evaporation of THF, the precipitate was filtered and
washed with HO to give pure HO-CyoH-LC"”. Yields ranged from 93 to 99%.
HO-CoHz0-LC"™": white solid (n = 93%). '"H-NMR (400 MHz, CDCl;) 6 = 8.16 (d, >J = 8.9 Hz,
2H), 7.74 and 7.69 (2d, AB system, *J = 8.7 Hz, 4H), 7.64 (d, J = 8.6 Hz, 2H), 7.33 (d, °J = 8.6 Hz,
2H), 6.99 (d, °J = 8.9 Hz, 2H), 4.06 (t, °J = 6.5 Hz, 2H), 3.61 (t, °J = 6.6 Hz, 2H), 1.87-1.80 (m,
2H), 1.55-1.45 (m, 4H), 1.41-1.32 (m, 10H), 0.90 (s, 9H), 0.06 (s, 6H). *C-NMR (100 MHz,
CDCl3) & = 165.00, 163.86, 151.74, 145.04, 136.86, 132.81, 132.51, 128.50, 127.85, 122.72,
121.36, 119.04, 114.52, 111.15, 68.50, 63.20, 32.93, 29.66, 29.61, 29.55, 29.48, 29.23, 26.12,
25.88. Elem. Anal. Caled for C3oH33NO4-0.16H,0 (474.47 grmol™): C 75.92, H 7.08, N 2.95; found:
C 75.93,H 7.15,N 2.74.

HO-C1oHz0-LC*™": white solid (n = 99%). '"H-NMR (400 MHz, CDCl;) 6= 8.18 (d, >J = 8.9 Hz,
2H), 7.73 and 7.68 (2d, AB system, *J = 8.5, 4H), 7.49 (d, *J = 2.6 Hz, 1H), 7.46 (dd, °>J = 8.3 Hz
and *J = 2.4 Hz, 1H), 7.25 (d, *J = 8.4 Hz, 1H), 7.00 (d, >J = 8.9 Hz, 2H), 4.06 (t, >J = 6.5 Hz, 2H),
3.65 (t, °J = 6.6 Hz, 2H), 2.31 (s, 3H), 1.87-1.80 (m, 2H), 1.61-1.54 (m, 3H), 1.52-1.45 (m, 2H),
1.39-1.33 (m, 10H). "C-NMR (100 MHz, CDCl;) & = 164.72, 163.85, 150.35, 145.24, 137.06,
132.73, 132.48, 131.46, 130.17, 127.85, 126.00, 123.06, 121.28, 119.08, 114.55, 110.99, 68.50,
63.20, 32.92, 29.65, 29.61, 29.54, 29.46, 29.22, 26.11, 25.87, 16.61. Elem. Anal. Calcd for
C31H3sNO4-0.9H,0 (501.83 g'mol™): C 74.20, H 7.39, N 2.79; found: C 74.20, H 7.24, N 2.64.
HO-CoHz0-LC*™": white solid (n = 99%). 'H-NMR (400 MHz, CDCl;) § = 8.15 (d, >J = 8.9 Hz,
2H), 7.72 (d, >J = 8.3 Hz, 2H), 7.45 (d, °J = 8.3 Hz, 2H), 7.24 (d, >’J = 8.2 Hz, 1H), 7.15 (d, *J=2.3
Hz, 1H), 7.12 (dd, >J = 8.2 Hz and *J = 2.4 Hz, 1H), 6.98 (d, >J = 8.9 Hz, 2H), 4.06 (t, °J = 6.5 Hz,
2H), 3.65 (t, °J = 6.6 Hz, 2H), 2.27 (s, 3H), 1.86-1.79 (m, 2H), 1.61-1.54 (m, 2H), 1.52-1.45 (m,
2H), 1.40-1.33 (m, 10H). *C-NMR (100 MHz, CDCls) §= 165.20, 163.80, 151.04, 146.21, 137.68,

136.91, 132.47, 132.18, 130.65, 130.23, 123.95, 121.49, 119.67, 119.05, 114.49, 111.03, 68.49,
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63.22, 32.93, 29.66, 29.61, 29.54, 29.48, 29.23, 26.12, 25.88, 20.61. Elem. Anal. Calcd for

C31H3sNO4-0.27H,0 (490.48 g'mol™): C 75.91, H 7.30, N 2.86; found: C 75.92, H 7.32, N 2.69.
HO-CoHo-LC": white solid (n = 99%). 'H-NMR (400 MHz, CDCl;) § = 8.16 (d, >J = 8.9 Hz,
2H), 7.68 (d, °J = 8.0 Hz, 1H), 7.63 (d, °J = 8.6 Hz, 2H), 7.54 (m, 1H), 7.49 (m, 1H), 7.32 (d, >J =
8.6 Hz, 2H), 6.99 (d, °J = 8.9 Hz, 2H), 4.06 (t, >J = 6.5 Hz, 2H), 3.65 (t, °J = 6.6 Hz, 2H), 2.62 (s,
3H), 1.87-1.80 (m, 2H), 1.61-1.54 (m, 3H), 1.52-1.45 (m, 2H), 1.39-1.33 (m, 10H). >*C-NMR (100
MHz, CDCl3) 6= 165.02, 163.84, 151.62, 144.90, 142.59, 137.07, 133.15, 132.50, 128.98, 128.48,
125.10, 122.63, 121.40, 118.38, 114.52, 111.57, 68.50, 63.22, 32.93, 29.66, 29.62, 29.61, 29.55,
29.48, 29.23, 26.12, 25.88, 20.82. Elem. Anal. Calcd for C3H3sNO4-0.5H,0 (494.63 g'mol™): C
75.28, H7.27, N 2.83; found: C 75.28, H 7.27, N 2.66.

HO-CoHz0-LC***: white solid (n = 99%). 'H-NMR (400 MHz, CDCl;) § = 8.15 (d, >J = 8.9 Hz,
2H), 7.58 (m, 1H), 7.54 (dd, °J = 7.8 Hz and *J = 1.7 Hz, 1H), 7.24 (d, °J = 7.8 Hz, 1H), 7.16 (m,
1H), 7.10 (m, 2H), 6.99 (d, *J = 8.9 Hz, 2H), 4.06 (t, >J = 6.5 Hz, 2H), 3.65 (t, °J = 6.6 Hz, 2H),
2.13 (s, 3H), 2.05 (s, 3H), 1.87-1.80 (m, 2H), 1.61-1.54 (m, 2H), 1.52-1.45 (m, 2H), 1.39-1.34 (m,
10H). PC-NMR (100 MHz, CDCls) § = 165.16, 163.77, 150.81, 146.04, 137.07, 133.59, 132.44,
130.54, 129.76, 129.60, 123.48, 121.57, 119.43, 119.16, 114.49, 111.43, 68.48, 63.21, 32.93, 29.66,
29.61, 29.54, 29.47, 29.23, 26.12, 25.88, 19.98, 19.88. Elem. Anal. Calcd for C3;,H37NO4-0.28H,0
(504.68 grmol™): C 76.15, H 7.54, N 2.77; found: C 76.15, H 7.54, N 2.59.

Spectroscopic and Analytical Measurements. 'H and °C NMR spectra were recorded at 25 °C on
a Bruker Avance 400 MHz spectrometer. Chemical shifts are given in ppm with respect to TMS.
Pneumatically-assisted electrospray (ESI-MS) mass spectra were recorded from 10 M solutions on
an Applied Biosystems API 150EX LC/MS System equipped with a Turbo lonspray source®.
Elemental analyses were performed by K. L. Buchwalder from the Microchemical Laboratory of
the University of Geneva. TGA were performed with a thermogravimetric balance Mettler Toledo

Star Systems (under N;). DSC traces were obtained with a Mettler Toledo DSC1 Star Systems

differential scanning calorimeters from 3-5 mg samples (10 and 0.5 °C.min”', under N»).
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Conversion: 7(K) = 7(°C) + 273.15. The characterisation of the mesophases and of the isotropic

liquids were performed with a polarizing microscope Leitz Orthoplan-Pol with a Leitz LL 20x/0.40
polarizing objective, and equipped with a Linkam THMS 600 variable-temperature stage. The
mathematical analyses were performed by using Igor Pro® (WaveMetrics Inc.) and Excel®
(Microsoft) softwares.

X-Ray Crystallography. The crude powder was filled in Lindemann capillaries of 0.8 mm
diameter. Low angle powder X-ray diffraction experiments at various temperatures were performed
using two different diffractometers:

- An Empyrean (PANalytical ) diffractometer in capillary mode, with a focusing X-ray mirror for
Cu radiation and a PIXcel3D area detector. Variable temperatures were achieved with a nitrogen
cryostreamer (Oxford cryosystem) (available temperatures: 100K — 500K).

- A STOE transmission powder diffractometer system STADI P using a focused monochromatic
Cu-K,; beam obtained from a curved Germanium monochromator (Johann-type) and collected on a
curved image plate position-sensitive detector (IP-PSD). A calibration with silicon and copper
laurate standards, for high and low angle domains, respectively, was preliminarily performed.
Sample capillaries were placed in the high-temperature attachment for measurements in the range of

desired temperatures (from -30 up to 240°C) within 0.05 °C.
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The cohesion Gibbs free energy densities (CFED) measured in cyanobiphenyl-containing liquid

crystals transform chemical perturbations into pressure increments, which can be analyzed within

the frame of standard P-T diagrams using Clapeyron equation.



