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Chiral discotic derivatives of 1,3,5-triphenyl-6-oxoverdazyl radical
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Chemistry, University of Warsaw, Warsaw, Poland; cInstitute of Experimental Physics, Faculty of Physics, University of
Warsaw, Warsaw, Poland; dFaculty of Chemistry, University of Łódź, Łódź, Poland

(Received 13 May 2014; accepted 18 July 2014)

Two derivatives of 1,3,5-aryl-6-oxoverdazyl containing two 3,4,5-trioctyloxyphenyl and one 3,4,5-tri((S)-3,7-
dimethyloctyloxy)phenyl group in position C(3) (1b) or N(1) (1c) were investigated by thermal, X-ray diffraction
and magnetic methods. The results were compared to those obtained for achiral derivative 1a containing three
3,4,5-trioctyloxyphenyl groups. All three compounds exhibit an ordered columnar hexagonal phase, Colh(o), and
for chiral derivatives, 1b and 1c, a superstructure with doubled periodicity was found. The introduction of the
three chiral alkoxy substituents in 1a lowered the mesophase stability by about 50 K and induced a Colh phase in
1c. Thermochromic analysis showed a hypsochromic shift upon formation of the Colh(o) phase similar for all three
derivatives 1 (~0.3 eV), which coincides with a 5% drop in effective magnetic moment, μeff, for 1c. Analysis of
magnetisation data in a range of 2–370 K at 200 Oe revealed weak antiferromagnetic interactions (θ = – 4 K) in
the Colh(o) phase.

Keywords: discotic; verdazyl radical; chiral; thermochromism; magnetic analysis; powder XRD; synthesis

1. Introduction

Among the many characteristics of discotic liquid crys-
tals sought for practical applications,[1–3] semiconduc-
tion and ability to generate photocurrents [4–6] are the
most desired. The efficiency of the charge transport in
such soft materials depends, among others, on the
organisation of molecules, defects and proximity (over-
lap) of the π-systems.[7] Conformational and steric
requirements of substituents in molecules forming dis-
cotic phases typically prevent close contact of the π-
systems. In some achiral systems, e.g. triphenylenes [8]
and hexabenzocoronenes,[7,9] the close molecular
packing in columnar ordered and plastic phases results
from a spontaneous helical twist in the columns (spon-
taneous symmetry breaking).[10] Overall, for non-
chiral molecules, helical columns with opposite handi-
ness are formed in equal amounts giving rise to a
racemic bulk material. For materials that already
have twisted columns formed by achiral molecules, a
uniform sense of handiness of the helical twist is
achieved by using peripheral alkyl chains containing
stereogenic centres.[7] The same substitution in some
other discogens transforms the columnar hexagonal
(Colh) to a columnar rectangular (Colr) phase.[11]

Recently, we demonstrated that substituted triphe-
nyl derivatives of verdazyl, a π-delocalised radical, form
discotic hexagonal phases.[12–14] We have investigated
three series of compounds containing 3,4,5-

trialkoxyphenyl [12] (such as 1a), 3,4,5-trialkylsulfanyl-
phenyl [13] and a mixture of both substituents.[14] The
results demonstrated that the alkylsulfanyl derivatives
form a disordered columnar hexagonal 3D phase
(Colh(3D)) below 60°C, presumably with a helical struc-
ture. In contrast, the alkoxy derivatives, including the
octyloxy derivative 1a, form a broad-range ordered
columnar hexagonal phase (Colh(o)), with a correlation
length along the columns of at least 370 Å at 30°C and
pronounced thermochromism upon the formation of
the mesophase. In both series of compounds, photocur-
rent was detected, and the hole mobility μh was found to
be in the order 10−3 cm2 V−1 s−1 in the mesophase. The
tighter molecular packing in the ordered phase is also
evident from magnetisation studies, which demon-
strated a 4% decrease of the effective magnetic moment,
μeff, at the I→Colh(o) transition. Further improvement
of the π–π overlap and hence increase of the photocur-
rent and spin–spin interactions in this type of com-
pounds could be achieved by using stereogenic centres
in the side chains.

Here, we report two derivatives 1b and 1c carrying
three alkyl chains with stereogenic centres, the (S)-3,7-
dimethyloctyl (C10H21*), and analyse their effect on the
supramolecular structure and phase stability. We probe
the phase structure by the X-ray diffraction (XRD)
method and investigate its impact onmolecular packing
through thermochromic and magnetic methods.
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2. Results

2.1. Synthesis

Chiral derivatives 1b and 1c were obtained following
the Milcent method [15] that was previously [12] used
for the preparation of 1a (Scheme 1). Thus, a reaction
of appropriate hydrazine 2 and benzaldehyde 3 gave
crude hydrazone 4, which upon treatment with tri-
phosgene yielded carbonyl chloride 5. After isolation
and purification, the chloride 5 was reacted with
hydrazine 2 in benzene. The resulting tetrazine 6
was partially purified and oxidised with PbO2 to
give radical 1 in ~10% overall yield. The requisite
chiral aldehyde 3* was obtained from bromide 7*
[11] by lithiation followed by a reaction with
dimethylformamide (DMF), according to a similar
procedure [16] (Scheme 2). Lithiation of 7* with t-
BuLi and reaction with di-tert-butyl azodicarboxylate
(DTBAD) gave the protected hydrazine 8*, which
was deprotected with trifluoromethanesulfonic acid
(TfOH) to give the crude hydrazine 2*, according to
a general procedure.[17] The bromide 7* was
obtained by alkylation of 5-bromopyrogallol with
tosylate 9*, which, in turn, was obtained from (S)-
3,7-dimethyloctanol (ee >98%).

2.2. Thermal analysis

Analysis of compounds in series 1 by thermal differ-
ential scanning calorimetry (DSC) and polarized

optical microscopy (POM) methods demonstrated
that both red, waxy chiral derivatives, 1b and 1c,
exhibit liquid crystalline behaviour at ambient tem-
perature and above (Table 1), with clearing tempera-
tures lower than that for the achiral derivative 1a
by about 50 K. In contrast to 1a and 1b, chiral
compound 1c exhibits two mesophases as shown in
Figure 1. The higher temperature, narrow-range
phase has a small enthalpy of Col–Iso transition
(6.5 kJ mol−1) and relatively small thermal hysteresis
of about 3 K. In contrast, the Col–Col phase transi-
tion has an enthalpy nearly four times greater than

N

N

OR1 OR1

OR1OR1

R

4, R = H
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Scheme 1. Synthesis of 6-oxoverdazyls 1. Reagents and conditions: (a) EtOH, cat. AcOH, reflux; (b) CO(OCCl3)2, pyridine,
CH2Cl2, rt, room temperature; (c) 2, Et3N, benzene, 50°C; (d) PbO2, Na2CO3, Toluene/MeCN.
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Scheme 2. Synthesis of chiral intermediates. Reagents and
conditions: (a) 5-bromopyrogallol, K2CO3, acetone,
Aliquat, 78%; (b) n-BuLi, DMF, H3O

+, 70%; (c) t-BuLi,
t-BuOCON = NCOOBu-t (DTBAD), 60%.

Table 1. Transition temperatures (°C) and enthalpies
(kJ mol−1, in italics) for 1.a

1 R1 R2

ab C8H17 C8H17 Colh(o) 127 (55.5) Ib

b *C10H21 C8H17 Colh(o) 73 (34.6) I
c C8H17 *C10H21 Colh(o) 67 (25.2) Colh 78 (6.5) I

Notes: aDetermined by DSC (5 K min−1) in the heating mode:
Cr = crystalline; Colh = columnar hexagonal; Colh(o) = columnar
hexagonal ordered; I = isotropic. bRef.[12].
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that of the Col–Iso transition and a significantly lar-
ger hysteresis (11 K, Figure 1).

Optical textures obtained on cooling of an uncov-
ered thick sample of 1c or 1b between glass plates are
typical for a columnar mesophase (Figure 2).
Textures observed for two phases of 1c are essentially
identical (Figure 2a and 2b). Similarly, little change in
the texture is observed at the Col–Col phase transition
for 1c in a 5 μm planar cell (Figure 2c).

2.3. Electronic absorption spectra and
thermochromism

Further information about the supramolecular struc-
tures of the mesophase was obtained for 1b and 1c by
UV-vis spectra recorded for thin-film samples at
ambient temperature.

Solution spectra of all three derivatives 1 are iden-
tical, resulting from the same chromophore. They exhi-
bit low-intensity absorption bands in the visible range,
with maxima at about 610 nm and 500 nm and a
moderate-intensity absorption band at about 210 nm,
characteristic for the 3,4,5-trialkoxyphenyl group
(Figure 3).

Visible spectra recorded for thin films of 1 in the
isotropic phase and mesophase demonstrated a sub-
stantial thermochromic effect upon the formation of
the ordered hexagonal phase in all three samples.
Results shown in Table 2 demonstrate that for 1a the
formation of a Col mesophase is associated with a

cooling

heating

40 50 60
Temperature /°C

70 80 90

Colh(o) Colh I

Figure 1. DSC trace of 1c. The heating and cooling rates
are 5 K min−1.

a b

c d

Figure 2. (colour online) Optical textures of (a) Colh phase in 1c at 77°C, (b) Colh(o) of 1c phase at 55°C, (c) Colh(o) of 1c in a
planar 5 mm cell at 58°C and (d) Colh(o) of 1b phase at 50°C.

ε m
ol
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 c

m
–1

25 103

20 103

15 103
57 °C
80 °C
67 °C
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5 103

0
300 400

Wavelength /nm
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Figure 3. (colour online) Electronic absorption spectra for
1b in hexane (black) and for a thin film of 1c on cooling
(inset: isotropic phase (80°C, red), Colh→Colh(o) phase tran-
sition (67°C, green) and Colh(o) (57°C, blue), arbitrary
units).
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hypsochromic shift of 310 meV, which is largest in the
series and also larger than that previously observed for
the decyloxy analogue (282 meV).[12] A replacement
of three octyloxy groups in 1a with three *C10H21O
substituents at the C(3) position has relatively little
effect on the shift, while placing chiral chains at the
N(1) position results in slightly smaller hypsochromic
shift by several meV. This trend is consistent with
decreasing π–π overlap caused by increasing steric
demands of the liquid-like larger alkyl chains.

A plot of the low-energy absorption bandmaximum
as a function of temperature (Figure 4) provides further
details of the thermochromic effect in 1c. At low tem-
perature in the hexagonal ordered phase (Colh(o)), the
λmax value is about 543 nm. Upon heating, the position
of the maximum slightly shifts to 542 nm and at the
phase transition to the columnar disordered phase, in a
range of 2 K shifts to 634 nm. In the middle of the
Colh→Colh(o) phase transition range, at 67°C the spec-
trum represents an approximate superimposition of
spectra obtained for both ordered and disordered
phases (Figure 3). Further heating leads to a decrease
of the λmax value to 627 nm in the isotropic phase. This
small bathochromic shift between the Iso and Colh
phases is typical for other discotic verdazyls.[14] Upon
cooling of the sample from Iso to Colh(o) phase, λmax

changes in the opposite direction with about 5 K hyster-
esis (Figure 4).

2.4. X-ray diffraction

XRD analysis confirmed the existence of two columnar
hexagonal phases in derivative 1c by revealing the six-
fold symmetry of the structure clearly visible in the
pattern obtained for an aligned sample (for details see
Supplemental data). The upper temperature phase can
be identified as a disordered type, Colh, since its diffrac-
togram contains only one diffused signal in the high-
angle range, reflecting liquid-like ordering of molecules
along columns and a sharp Bragg reflection in the low-
angle range (Figure 5). The lattice parameter (column
diameter) is comparable to the molecular size (Table 3).
The XRD pattern of the lower temperature phase is
much richer and exhibits a number of sharp signals
that can be indexed to a 2D hexagonal lattice with the
lattice parameter doubled with respect to theColh phase
(Table 3). Fitting of the XRD pattern demonstrates that
all except one sharp reflections are due to the 2D hex-
agonal structure of columns (for details see
Supplemental data); the only remaining signal at 3.9 Å
can be attributed to molecular core correlation along
the column stack.[12] Fitting procedure revealed also
the presence of a broad signal in the high-angle region
reflecting molten state of aliphatic tails. It should be

Table 2. Lowest energy absorption maxima 1 of the isotro-
pic (Iso) and columnar (Colh(o)) phases.

a

1 R1 R2
λmax/nm

Iso
λmax/nm
Colh(o)

Δλmax

(ΔE)/nm
(meV)

a C8H17 C8H17 627 542 –85 (+310)
b *C10H21 C8H17 625 541 –84 (+308)
c C8H17 *C10H21 627 634b +7 (–22)

627 543.5 –83.5 (+304)

Notes: aRecorded in the transmission mode. bColh phase.

640

620

600

λ m
ax

/n
m

580

heating

cooling

560

540
50 55 60 65

Temperature /°C
70 75 80

Figure 4. (colour online) Low-energy absorption maximum
λmax of 1c as a function of temperature on heating (red) and
cooling (blue).
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2θ /°
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Figure 5. (colour online) XRD pattern for 1c at 75°C
(black) and 30°C (red) with partial indexing for Colh and
Colh(o) phases obtained on cooling from the isotropic phase.

Table 3. Lattice parameters for 1.

1 Temp/°C Lattice parameters (Å) Phase

aa 115 a = 26.35 Colh(o)
b 74 a = 53.18 Colh(o)

25 a = 52.74 Colh(o)
c 75 a = 25.33 Colh

57 a = 25.53 Colh
55 a = 53.12 Colh(o)
25 a = 52.95 Colh(o)

Note: aRef. [12].
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stressed, however, that the main electron density mod-
ulations are still related to the presence of columns
having single molecule in the cross-section; diffraction
signals related to superstructure with doubled periodi-
city are much weaker than signals originating from the
fundamental structure. The reflection related to inter-
molecular distance along the column axis is sharp in the
lower temperature phase, which points to an ordered
type phase, Colh(o).

1

In derivative 1b, XRD methods revealed only one
mesophase (for details see Supplemental data), which
was identified as an ordered columnar hexagonal
phase, Colh(o), similar to the lower temperature
phase of 1c. Also, the doubling of the columnar
structure with respect to molecular diameter is
observed. The observed XRD patterns do not permit
assignment nor exclude the presence of a helical struc-
ture in the columns in both derivatives.

Hexagonal phases with a superlattice are rare.
One example of such a phase was observed for the
decyloxy analogue of 1a,[12] in which doubling of the
unit diameter was manifested by the appearance of
sub-harmonic of the main (100) signal of the hexago-
nal lattice. In the present case, the modulation of the
electron density in 1b and 1c is different, and the sub-
harmonic of the main signal of the hexagonal lattice is
absent; instead sub-harmonic of the (110) signal is
clearly visible (for details see Supplemental data).

2.5. Magnetisation measurements

Magnetic studies at 200 Oe revealed paramagnetic
behaviour of 1c in the liquid crystalline and isotropic
phases, with increasing antiferromagnetic interactions
upon phase transition and lowering temperature
(Figure 6).

Assuming ideal paramagnetic behaviour in the
isotropic phase, diamagnetic and impurity correction
was established using the Curie–Weiss law with θ = –

4 K (for details see Supplemental data). The effective
magnetic moment (μeff) in the isotropic phase
(>353 K) is close to the value of 1.732 for an ideal
paramagnet and corresponds to 99 ± 0.5% of spins
(Figure 6). Upon phase transition to the Colh phase at
359 K, the μeff value continuously decreases to about
1.63 at 330 K at the phase transition to Colh(o) phase.
These changes in μeff exhibit hysteresis (for details see
Supplemental data) consistent with that observed in
thermal analysis in Figure 1.

Cooling of the sample below 300 K in the Colh(o)
phase results in a small, but reproducible maximum at
about 225 K, followed by a rapid decrease below
50 K due to increasing antiferromagnetic interactions.
The average value of μeff in the Colh(o) in a tempera-
ture range of 150–320 K was found to be 1.63 ± 0.01,
which corresponds to 94 ± 0.5% of paramagnetic
spins. These results are similar to those found [12]
for 1a and indicate that spins remain largely isolated
at >150 K.

3. Summary and conclusions

Experimental data demonstrate that substitution of
three chiral groups C10H21* for C8H17 groups in 1a
results in significant destabilisation of the columnar
Colh(o) phase and induction of a disordered Colh
phase. The Colh(o) phase in the two chiral derivatives
exhibits superstructure with a doubled cell constant,
which is absent in 1a. The Colh–Colh(o) and Iso–
Colh(o) phase transitions are accompanied by strong
thermochromism and a small change of effective mag-
netic moment μeff. The two regioisomers, C-chiral (1b)
and N-chiral (1c), differ in their thermal properties:
the Colh(o) phase is more destabilised for N-chiral (1c)
than for C-chiral (1b) isomer. Overall thermochro-
mism and magnetisation data indicate comparable
intracolumn intermolecular interactions for all the
three derivatives 1 in the Colh(o) phase, which appear
stronger than those in the decyloxy analogue of 1a.
Thus, impact of chiral alkyl chains on molecular
packing in the Colh(o) phase of 1a is minimal.

4. Experimental part

4.1. General

Reagents and solvents were obtained commercially.
Reactions were carried out under Ar, and subsequent
manipulations were conducted in air. NuclearMagnetic
Resonance (NMR) spectra were obtained at 128 MHz
(11B) and 400 MHz (1H) in CDCl3.

1H NMR spectra

1.80

1.60

1.40 1.72

1.64

1.60
320 330 340 350 360 370

1.68

Colh(o) Colh Iso

μ e
ff

1.20

1.00

0.800
0 50 100 150 200

T /K

250 300 350

1.732

400

Figure 6. Effective magnetic moment, μeff, for 1c versus
temperature measured on cooling at 200 Oe (1 K min−1).
The horizontal line marks μeff = 1.732. The inset shows
high-temperature data and the vertical lines mark phase
transitions.
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were referenced to the solvent. Details and additional
results of XRD and magnetisation measurements are
provided in the Electron Spray Ionisation (ESI). Optical
microscopy and phase identification were performed
using a polarised microscope equipped with a hot
stage. Thermal analysis was obtained using a TA
Instruments DSC using small samples of about 0.5–
1.0 mg.

4.2. Electronic absorption spectra

UV-vis spectra for 1b were recorded in spectroscopic
grade hexane at a concentration of 5–35 × 10−6 M.
Extinction coefficients were obtained by fitting the
maximum absorbance at 211 nm against concentra-
tion in agreement with Beer’s law.

Visible spectra for neat 1 that was placed between
two glass slides were obtained on cooling at tempera-
tures about 10 K above and then 10 K below the Col–
Iso phase transition for each compound using a hot
stage mounted in a UV spectrometer. For 1c, the
spectrum of Colh phase was recorded in the middle
of the phase range.

4.3. Powder XRD measurements

X-ray diffraction experiments in broad-angle range
were performed with Bruker D8 GADDS (Cu Kα
radiation, Göbel mirror, point collimator, Vantec
2000 area detector) equipped with a modified
Linkam heating stage. For small-angle diffraction
experiments, Bruker Nanostar system was used (Cu
Kα radiation, cross-coupled Göbel mirrors, three pin-
hole collimation, Vantec 2000 area detector). Samples
were prepared in the form of a thin film or a droplet
on heated surface. The X-ray beam was incident
nearly parallel to sample surface.

4.4. General procedure for 6-oxoverdazyls 1

To a solution of carbamoyl chloride 5b or 5c [12]
(0.5 mmol) in dry benzene (15 mL), a solution of freshly
prepared 3,4,5-trioctyloxyphenylhydrazine [17] (2)
or 3,4,5-tris((S)-3,7-dimethyloctyloxy)phenylhydrazine
(2*, 0.6 mmol) and Et3N (0.65 mmol) in dry benzene
(5mL) was added. Themixture was stirred for 2 h at 50°
C. A 1% solution of HCl was added, organic products
were extracted (CH2Cl2), extracts dried (Na2SO4) and
solvents evaporated. The residue was passed through a
short silica gel column (hexane/CH2Cl2, 2:1) to give a
fraction containing tetrazine 6 identified by character-
istic signals in the 1H NMR: δ 4.71 (d, J = 8.5 Hz, 2H)
and 5.46 (t, J = 8.5 Hz, 1H) (6c: high-resolution mass
spectrometry (HRMS), calcd for C98H174N4O10

[MH]+: m/z 1567.3224; found m/z 1567.3271).

A mixture of partially purified tetrazine 6
(0.1 mmol), anhydrous Na2CO3 (106 mg, 1.0 mmol)
and PbO2 (478 mg, 2.0 mmol) in a mixture of toluene
(6 mL) and MeCN (1.5 mL) was stirred overnight at
room temperature. The dark reaction mixture was
passed through a silica gel plug (CH2Cl2), and the
crude product was further purified on a silica gel
column (hexane/CH2Cl2, 6:1) to give radical 1 as a
red waxy solid in overall yields of about 10% based
on 5. The solid was recrystallised several times from
AcOEt at –78°C.

4.4.1. 1,5-bis-(3,4,5-trioctyloxyphenyl)-3-(3,4,5-tris
((S)-3,7-dimethyloctyloxy)phenyl)-6-oxoverdazyl (1b)

UV (hexane) λmax (log ε) 613 (3.53), 479 (3.32), 346
(4.05), 288 (4.32), 278 (4.33), 211 (4.92). Anal. calcd
for C98H171N4O10: C, 75.19; H, 11.01; N, 3.58.
Found: C, 75.06; H, 11.05; N, 3.51.

4.4.2. 1,3-Bis-(3,4,5-trioctyloxyphenyl)-5-(3,4,5-tris
((S)-3,7-dimethyloctyloxy)phenyl)-6-oxoverdazyl (1c)

Anal. calcd for C98H171N4O10: C, 75.19; H, 11.01; N,
3.58. Found: C, 75.44; H, 11.02; N, 3.58.

4.5. 3,4,5-Tris((S)-3,7-dimethyloctyloxy)
phenylhydrazine (2*)

Following a general procedure,[17] to a solution
of TfOH (5 mmol) in CF3CH2OH (1 mL), a solution
of 1,2-bis(tert-butoxycarbonyl)-1-(3,4,5-tris((S)-3,7-
dimethyloctyloxy)phenylhydrazine (8*, 1 mmol) in
CH2Cl2 (1 mL) was added under Ar at –40°C. The
mixture was stirred for 2 min, washed with saturated
NaHCO3, organic products were extracted (CH2Cl2),
extracts dried (Na2SO4) and solvents evaporated to
give crude deprotected hydrazine 2*, which was used
quickly for further steps without purification: 1H
NMR (400 MHz, CDCl3) δ 0.86 (d, J = 6.6 Hz,
18H), 0.91 (d, J = 6.7 Hz, 3H), 0.93 (d, J = 6.6 Hz,
6H), 1.11–1.20 (m, 8H), 1.21–1.37 (m, 10H), 1.44–
1.61 (m, 6H), 1.63–1.75 (m, 3H), 1.76–1.88 (m, 3H),
3.92–4.05 (m, 6H), 6.07 (s, 2H).

4.6. 3,4,5-Tris((S)-3,7-dimethyloctyloxy)
benzaldehyde (3*)

3,4,5-Tri-(S)-3,7-dimethyloctyloxybenzaldehyde was
obtained in 70% yield from 1-bromo-3,4,5-tris((S)-
3,7-dimethyloctyloxy)benzene (7*) by lithiation with
n-BuLi and subsequent treatment with DMF accord-
ing to a general procedure [16] for preparation of
aldehydes: [α]25D = – 4.01 (hexane, c = 1.4); 1H
NMR (400 MHz, CDCl3) δ 0.86 (t, J = 6.6 Hz,
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6H), 0.87 (t, J = 6.6 Hz, 12H), 0.92 (t, J = 6.6 Hz,
3H), 0.95 (t, J = 6.5 Hz, 6H), 1.11–1.22 (m, 8H),
1.23–1.38 (m, 10H), 1.47–1.58 (m, 6H), 1.60–1.78
(m, 3H), 1.79–1.93 (m, 3H), 4.02–4.14 (m, 6H), 7.09
(s, 2H), 9.84 (s, 1H); HRMS, calcd for C37H67O4

[MH]+: m/z 575.5034; found: m/z 575.5046.

4.7. 3,4,5-Tris((S)-3,7-dimethyloctyloxy)
benzaldehyde 3,4,5-trioctyloxyphenylhydrazone (4b)

To a solution of crude 3,4,5-trioctyloxyphenylhydrazine
[17] (1.3 mmol) and benzaldehyde 3* (450 mg,
0.8 mmol) in a mixture of EtOH (2 mL) and tetrahy-
drofuran (THF) (2 mL), 1 drop of AcOH was added.
The mixture was refluxed for 1 h under Ar, cooled,
solvent was evaporated and traces of AcOH were
removed on vacuum to give 800 mg (~90% yield) of
crude hydrazone 4b (~70% pure by 1H NMR), which
was used for the next step without additional purifica-
tion: 1HNMR (400MHz, CDCl3) characteristic signals:
δ 6.33 (s, 2H), 6.85 (s, 2H), 7.4 (br s, 1H), 7.56 (s, 1H).

4.8. 3,4,5-Tris((S)-(3,7-dimethyloctyloxy)
benzaldehyde α-chloroformyl-3,4,5-
trioctyloxyphenylhydrazone (5b)

To a solution of crude hydrazone 4b (1.20 g,
1.3 mmol) in dry CH2Cl2 (5 mL), pyridine
(0.13 mL, 1.6 mmol) followed by triphosgene
(386 mg, 1.3 mmol) were added under Ar. The mix-
ture was stirred at ambient temperature for 4 h, 1%
HCl was added, organic products were extracted
(CH2Cl2), extracts were dried (Na2SO4) and solvent
was evaporated. The crude product was purified on a
short silica gel column (hexane/CH2Cl2, 3:1) to give
550 mg (50% yield) of chloride 5b as a yellowish
viscous oil: 1H NMR (400 MHz, CDCl3) δ 0.86
(d, J = 6.7 Hz, 12H), 0.85–0.90 (m, 6H), 0.88 (t,
J = 6.3 Hz, 9H), 0.91 (d, J = 6.6 Hz, 3H), 0.93
(d, J = 6.5 Hz, 6H), 1.10–1.20 (m, 8H), 1.22–1.39
(m, 36H), 1.40–1.92 (m, 22H), 3.93 (t, J = 6.5 Hz,
4H), 3.96–4.12 (m, 8H), 6.40 (s, 2H), 6.85 (s, 2H),
7.23 (s, 1H); HRMS, calcd for C68H120ClN2O7

[MH]+: m/z 1111.8779; found: m/z 1111.8785.

4.9. 1-Bromo-3,4,5-tri((S)-3,7-dimethyloctyloxy)
benzene (7*)

A mixture of 5-bromopyrogallol (1.30 g, 6.4 mmol),
K2CO3 (5.2 g, 38.0 mmol) and (S)-3,7-dimethyloctyl
p-toluenesulfonate (9*, 6.00 g, 19.2 mmol) with cat.
amounts of Aliquat in dry DMF (10 mL) was stirred for
18 h at 60°C. The resulting precipitation was filtered,
water was added, organic products were extracted (hex-
anes), extracts were dried (Na2SO4) and solvent was

evaporated. The crude product was purified on a short
silica gel column (hexane/CH2Cl2, 8:1) to give 3.12 g (78%
yield) of bromide 7* as a colourless oil: [α]25D = –4.1
(hexane, c = 2.4); 1H NMR (400 MHz, CDCl3) δ 0.86
(d, J = 6.6 Hz, 6H), 0.87 (d, J = 6.6 Hz, 12H), 0.91 (d,
J = 6.7 Hz, 3H), 0.93 (d, J = 6.6 Hz, 6H), 1.10–1.22 (m,
8H), 1.23–1.38 (m, 10H), 1.47–1.58 (m, 6H), 1.60–1.78 (m,
3H), 1.79–1.93 (m, 3H), 3.90–4.02 (m, 6H), 6.68 (s, 2H);
HRMS, calcd for C36H66BrO3 [MH]+: m/z 625.4198;
found m/z 625.4190. Anal. calcd for C36H65BrO3: C,
69.09; H, 10.47. Found: C, 69.34; H, 10.63.

4.10. 1,2-Bis(tert-butoxycarbonyl)-1-(3,4,5-tris
((S)-3,7-dimethyloctyloxy)phenyl)hydrazine (8*)

To a solution of bromobenzene 7* (1.50 g, 2.4 mmol)
in dry THF (20 mL), t-BuLi (1.7 M in pentane,
5.3 mmol) was added under Ar at −78°C. The mix-
ture was stirred at this temperature for 1.5 h, and a
THF (5 mL) solution of DTBAD (610 mg, 2.6 mmol)
was added dropwise. The mixture was stirred at
−78°C for 0.5 h, then 1 h at room temperature and
then quenched with 5% HCl. The organic products
were extracted (Et2O), extracts were dried (Na2SO4),
solvents were evaporated and the residue was passed
through a silica gel plug (hexane/CH2Cl2 then
CH2Cl2) to give 0.90 g (60% yield) of protected
hydrazine 8* as a viscous oil: [α]25D = –2.9 (hexane,
c = 2.2); 1H NMR (400 MHz, CDCl3) δ 0.87 (d,
J = 6.6 Hz, 18H), 0.90 (d, J = 5.8 Hz, 3H), 0.93 (d,
J = 6.3 Hz, 6H), 1.11–1.20 (m, 8H), 1.23–1.37 (m,
10H), 1.51 (s, 18H), 1.47–1.58 (m, 6H), 1.62–1.75 (m,
3H), 1.76–1.88 (m, 3H), 3.90–4.02 (m, 6H), 6.66 (s,
2H), 6.70 (brs, 1H); HRMS, calcd for C46H85N2O7

[MH]+: m/z 777.6351; found: m/z 777.6364.

4.11. (S)-3,7-Dimethyloctyl p-toluenesulfonate (9*)

Toluenesulfonyl chloride (3.60 g, 19.0mmol) was added
to a solution of (S)-3,7-dimethyloctan-1-ol (3.00 g,
19.0 mmol) and pyridine (1.61 mL, 20.0 mmol) in
CH2Cl2 (10 mL) at 0°C. The mixture was kept at this
temperature for 5 h, then at room temperature over-
night. Hexane was added (20 mL), and the resulting
precipitation was filtered. The solvents were evapo-
rated, and the residue was passed through a silica gel
plug (hexane/CH2Cl2, 4:1) to give 5.0 g (84% yield) of
pure tosylate 9* as a colourless oil: [α]25D = –2.0 (ben-
zene, c = 1.4) [lit.[18] (R) isomer: [α]D = +2.0 (benzene,
c = 4.0)]; 1H NMR (400 MHz, CDCl3) δ 0.80 (d,
J = 6.5 Hz, 3H), 0.85 (d, J = 6.6 Hz, 6H), 0.99–1.31
(m, 6H), 1.37–1.54 (m, 3H), 1.61–1.71 (m, 1H), 2.45 (s,
3H), 4.01–4.11 (m, 2H), 7.34 (d, J = 6.6 Hz, 2H), 7.79
(d, J = 6.6 Hz, 2H); HRMS, calcd for C17H28NaO3S
[MNa]+: m/z 335.1651; found: m/z 335.1664. Anal.
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calcd for C17H28O3S: C, 65.35; H, 9.03. Found: C,
65.86; H, 9.07.

4.12. (S)-3,7-Dimethyloctan-1-ol

(S)-(–)-β-citronellol (5.00 g, 32.1 mmol, purchased
from Aldrich; [α]25D = –4.07 (EtOH, c = 1.4), [α]
25
D = –5.27 (neat), lit.[19] [α]24D = –3.65 (EtOH,

c = 1.0), lit.[20] [α]20D = –5.18 (neat) 98% ee) was
catalytically reduced at 50 psi in EtOH (50 mL), in
the presence of 10% Pd/C (1.0 g). Crude alcohol was
purified by short-path distillation (90°C/0.5 mmHg,
lit.[21] 52°C/0.1 mmHg): [α]25D = –5.06 (MeOH,
c = 4.4), [α]25D = –3.93 (CHCl3, c = 4.0), [α]
25
D = –5.01 (neat) [lit.[21] [α]25D = –4.77 (neat)].
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Note

1. This phase could also be considered as soft crystalline;
however, a broad signal observed in the high-angle
region that could be attributed to the molten alkyl
chains points to the liquid crystalline, although
ordered, nature of this columnar phase.
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