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Tristriazolotriazine (TTT) has emerged as an easily accessible electron-deficient heterocyclic core for discotic
liquid erystals (LCs). Materials that are liquid-crystalline at room temperature, ie., do not crystallize in ambient
conditions, are of particular interest when the LC state is prone to offer advantages in optoelectronic devices, e.g.,
for anisotropic charge or exciton transport, or anisotropic light emission. However, there has been no report of
non-symmetric TTT LCs, ie., with unequal arms. Here, we report two non-symmetric compounds derived from
the TTT core. Their non-symmetry, combined with a high number of peripheral alkyl chains, is found to promote
Colp mesomorphism over a broad temperature range including room temperature. The non-symmetry also in-

duces an increase in the emission quantum yield, compared to symmetric analogs.

1. Introduction

First reported in 1911 by Erhart, then in 1961 by Huisgen, [1] and
only since 2008 as the core of discotic liquid erystals, [2] the N-het-
erocyclic polyeyelic compound tris-[1,2,4]-triazolo-[1,3,5]-triazine
(tristriazolotriazine or TTT) has been gaining increasing attention for
various applications beyond LCs. For example, TTT derivatives have
recently been found to show thermally activated delayed fluorescence
(TADF) [3,4] and room temperature phosphorescence in solution [5].

In the field of liquid ecrystals, numerous structural modifications of
TTT have been explored, including variations in the type, [6] number,
and length of the mesophase-inducing peripheral chains, [1,7,8] and
expansion of the rigid core with condensed rings, [9] arylethynyl
groups, [10] or benzoate substituents, [11] and even isomerization [12,
13]. These modifications have in some cases led to a substantial
lowering of the melting temperature, resulting in mesophases at room
temperature, albeit at the expense of the quantum vield of luminescence
[11]. Such a decrease in emission yield may be avoided by lowering the
molecular symmetry as a means for suppressing crystallization [14-17]1.
However, to date, there has been no description of non-symmetric TTTs,
i.e., those with unequal arms. Therefore, this work aims to fill this gap by
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reporting two molecules that feature one of the arms of the TTT core
being different from the others (Fig. 1).

As triply aryl substituted TTTs are commonly synthesized by
condensation of an appropriately substituted aryltetrazole precursor
with eyanuric chloride, a straightforward approach to low-symmetry
TTTs is the concurrent condensation of two differently substituted
aryltetrazoles with cyanuric chloride. The use of two aryltetrazoles
bearing different numbers of LC-favoring alkoxy chains is not only
appropriate in view of inducing a room temperature mesophase but is
also prone to distinguish the different statistical co-trimerization prod-
ucts by their molecular size, facilitating their separation by size-
exclusion chromatography.

2. Results and discussion
2.1. Synthesis

The synthesis of non-symmetrically substituted tristriazolotriazines
was carried out in two stages: first, the synthesis of tetrazoles with one

(1) and three (2) long alkoxy chains by established procedures (Scheme
1) [11,18], and, second, the reaction of both tetrazoles in equimolar
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quantities with cyanuric chloride (3) in the presence of K,CO5 in
retluxing butanone for 22 howrs. By this procedure, four different
products were obtained: two symmetric compounds (111 and 333,
previously reported as 3d and TTT-345), and the two desired
non-symmetric ones (311 and 331). The products were initially purified
by ecolumn chromatography on silica, and then separated by gel
permeation chromatography. The 'H and '*C NMR, HRMS and FT-IR
spectra for the new compounds are analytically described in the
experimental section, while the spectra of all can be viewed in the SI
(Figs. S1-S10).

2.2. Mesomorphic behavior

After synthesis and purification, the phase behavior of compounds
311 and 331 was investigated by polarized optical microscopy (POM)
and differential scanning calorimetry (DSC) (Table 1). The mesomorphic
compound 331 was further studied by X-ray diffraction (XRD), using
both wide-angle and small-angle X-ray scattering (WAXS and SAXS, the
latter with synchrotron radiation).

As reported previously, the symmetric compound 111, with three
alkoxy peripheral chains, did not exhibit mesomorphism. The material
showed only a Cr — Iso phase transition at 86.6 °C during the first DSC
heating scan, and then remained liquid upon cooling to room temper-
ature. In subsequent thermal scans, no other phase transitions were
observed, and no liquid-crystalline texture was observed by POM [2].

The non-symmetric compound with five alkexy chains, 311,
appeared waxy at room temperature. Even though birefringence was
observed by POM before the first heating, it was absent upon cooling
after melting. This was confirmed by DSC, which showed an irreversible
transition to the isotropic liquid at 51 °C (Fig. §11), approximately 35°C
lower than the melting of 111. After the first melting, no crystallization
was detected for 311 neither on cooling to -40 °C nor on waiting for
several days.

The presence of a second arm containing three long alkoxy chains in
compound 331 resulted in stable mesomorphism over a wide tempera-

ture range, including room temperature. Upon cooling below the liquid-
to-mesophase transition temperature of 180 °C, POM showed growth of
large dendritic domains in homeotropic alignment (Fig. 2a), as well as
strongly birefringent fanlike domains with linear defects (Fig. 2b), both
textures suggesting the formation of a columnar hexagonal (Coly) mes-
ophase. On gradual cooling, 331 retains the same texture observed at
higher temperatures with subtle birefringence changes during the
cooling process (Fig. S12 a-e). At room temperature, when the glass
coverslip was sheared, the texture was destroyed, demonstrating the
tluidity of the phase and absence of crystallization or glass formation
(Fig. 512f).

DSC analyses were performed for 331 in order to verify phase tran-
sitions previously identified by POM observations, in addition to trying
to determine the melting temperature (Ty) of the material. The DSC
trace on heating of 331 (Fig. 2¢) shows that the material presents two
phase transitions, the first one being of high energy (19.7 kJ mol™') at
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-13 °C, possibly related to the material’s melting. The other transition, of
lower energy (7.9 kJ mol™"), is observed at 201 °C, which agrees with
the clearing temperature (T¢) observed by POM. The transition pattern
persists during cooling and subsequent heating/cooling cycles, with
only a small thermal hysteresis between transitions. In contrast, the
reported symmetric compound 333, with nine alkoxy chains, exhibited a
Coly, mesophase range between 133 and 177 °C (Table 1). Therefore, the
width of the mesomorphic range increases from less than 50 °C for 333
to over 200 °C for 331.

To confirm the hexagonal symmetry of the columnar mesophase, X-
ray diffraction (WAXS and SAXS) was performed at different tempera-
tures. After cooling from the isotropic phase, at 100 °C (Fig. 3b and
Table 2), the diffractogram showed a typical Colp pattern with an
intense peak in the small-angle region at 2.70 nm, and three weak peaks
at 1.56, 1.36 and 1.03 nm, whose ratios of 1:3'/%2:7"2 allowed a
indexation as (10), (11), (20) and (21) reflections of a two-dimensional
hexagonal lattice. In the wide-angle regions, two distinct broad peaks
were observed at 100 °C: a very broad peak around 0.46 nm, attributed
to the disordered liquid-like contacts of the long alkoxy chains, and a
second, less broad one, at 0.35 nm, from the disk-to-disk spacing of
adjacent molecules within the columns (r-stacking) [19].

From the average values of the diffraction peaks, the lattice param-
eter (o), which corresponds to the distance between nearest columns,
was determined to be 3.13 nm at 100 °C, which is smaller than the
diameter of the most extended molecular conformation (L = 4.04 nm)
[20]. This indicates that the peripheral alkoxy chains are not in their
most extended conformation or that they interdigitate between adjacent
columns.

By SAXS measurements using synchrotron radiation (Fig. §13 and
Table S1), the evolution of the diffractogram upon cooling from the
isotropic liquid was analyzed (Fig. S14). As the sample was cooled from
200 °C, ay, increases consistently until reaching a value above 3.15 nm
close to 70 °C, and then remains constant at lower temperatures
(Fig. 3¢). The increase of the column-to-column distance on cooling may
be attributed to more extended configurations of the peripheral chains at

lower temperatures, leading to an increase in the disk diameter.
The value of ay, for 331 is very similar to that found for the symmetric

produet 333 (o = 3.12 nm) [11], demonstrating that the elimination of
two alkoxy chains in one of the arms of the disk does not shrink its
diameter, probably because the other side chains spread better. The
non-symmeftry and lower number of alkoxy chains favors better intra-
columnar packing (n-stacking) for 331, in comparison with 333, since
for the former of periodic packing at 0.35 nm was observed, while no
disk-to-disk peak was observed for the latter [11]. Less crowding from
fewer peripheral alkoxy chains allows the phenyl rings more space to
adopt a slightly more planar conformation, leading to a more regular
and potentially tighter disk stacking.

To gain additional insight into how the molecules organize them-
selves within the columns during the mesophase, the number of mole-
cules that constitute a single disk (Z) was verified for 331 by calculating
the resulting density (details in the SI). We initially assumed that a disk

Fig. 1. Structure of the TTT derivatives with C3 symmetry previously reported by our group (3d, 3e and TTT-345) [2,11] and the non-symmetric derivatives re-

ported here (311 and 331).



is constituted by a single 331 mesogen, as previously described in the
literature for the TTT-345 compound [11]. This assumption yielded a
density of 0.969 g em ™3, which is a typical density for discotic materials

Table 1
Phase transition temperatures with associated enthalpy values.

Compound Transitions™” - T/°C [AH/kJ mol~']

with a large amount of peripheral saturated alkyl moieties [8]. This N N

) . . Heating Cooling
result confirms that each dise is made up of a single molecule, as any
- . L. . - . . da - c e
other value of Z would result in an unrealistic density for this type of m Cr 86.6 Tso
material 311 Cr* 51 [7.7] Iso © -c
e 331 Cr-13 [19.7] Col, 201 [7.9] Iso  Iso 199 [8.1] Col, -19 [18.1] Cr

333 ¢ Cr133 [23.6] Col, 177 [9.9] Iso  Iso 176 [10.2] Col,, 118 [25.5] Cr

2.3. Photophysical investigations

The absorption and fluorescence spectra (Fig. 4) for the non-
symmetric TTTs (311 and 331) were obtained both in chloroform so-
lution (1 x 107> mol L") and in the solid state (spin-coated films)
(Table 3). In solution (Fig. 4a), all compounds absorb strongly (2.6 - 4.4
% 10* L mol™" em™") in the UV region (294 — 303 nm), indicating ©— n*
transitions. As the number of alkoxy substituents increases from 111 to
333, aslight bathochromic shift was observed in the absorption spectra,
both in solution and in thin film. The emission is predominantly in the
UV region, with edges reaching the visible. Although 111 and 333
absorb at similar wavelengths (294-303 nm), they emit at different
wavelengths: 362 nm for 111 and 403 nm for 333. Compounds 311 and
331, which contain both monoalkoxyphenyl and trialkoxyphenyl arms,
emit only from the lower energy band originating from the 3-chain arm,
around 403 nm.

For thin films (Fig. 4b), the increase in the number of trialkoxypheny!
groups promotes a slight gradual bathochromic shift in the absorption
spectrum (Table 3). In the emission spectrum, the band gradually shifts
from 371 (111), to 395 (311) and to 407 nm (331). However, for 333,
the emission band returns to 390 nm. As a result, the Stokes shifts ranged
from 68 nm to 106 nm in solution and 85 to 108 nm in the solid state.

In solution, the fluorescence quantum yields (®g) were determined
using a known method, [19] with 2-(4-biphenylyl)-5-phenyl-1,3,4-oxa-
diazole (PBD, ®r = 0.83) [20] in chloroform solution as standard.
Among the compounds studied, the non-symmetric TTTs displayed
higher ®¢ in solution, in the range of 0.35-0.5, while 333 showed a
particularly low quantum yield of 0.06. In the solid state, ® was 0.29
and 0.38 for non-symmetric 311 and 331, and 0.27 for symmetric 333.
@ for 111 was not reported.

2.4. Theoretical investigations

Density functional theory (DFT) calculations within B3LYP-D3/def2-
TZVP(-f) were performed to rationalize the emissions. The optimized
geometry of each compound is shown in Fig. §15. The alkyl chains were

® Cr = crystalline phase; Cr* = waxy solid; Coly = hexagonal columnar phase;
Iso = isotropic liquid.

b Transitions determined by DSC (peak temperatures) during the second
heating/cooling cycle using a heating/cooling rate of 10 °C min .

¢ Transitions determined in the first heating due to no crystallization or new
melting in subsequent thermal cycles.

4 The thermal data presented for compounds 111 (3d) and 333 (TTT-345)
were obtained previously [2,11].

replaced by a methyl group to reduce the computation times. The
compounds are non-planar, and the dihedral angles between the phenyl
rings and the TTT core are 35° + 1° in all cases. The frontier molecular
orbitals for compounds 111, 311, 331 and 333 are shown in Fig. S16.
For all compounds, the occupied orbitals are centered over the phenyl
moieties with contributions from the attached methoxy groups, whereas
the unoccupied orbitals are mostly centered over the TTT core.
Time-dependent density functional theory (TD-DFT) calculations
were performed on the optimized ground state geometries to obtain
information about the excited states. The calculated absorption spectra
are shown in Fig. $17 and agree with the experimental ones. According
to Kasha's rule, we can predict the prompt fluorescence behavior by
analyzing the §; state, and the oscillator strength (f) of 8 is proportional
to the decay rate from this state. f(S;) for each compound is shown in
Table §2, along with the TD-DFT difference density plot for the S, state. f
increases from 111 to 311, decreases to 331, and further decreases for
333. The transitions can be attributed to n-n* transitions due to the large
value of f, with charge transfer characteristics from anisole-like moieties
to the TTT core as shown in the difference density plot. The variance in
the calculated f agrees very well with the obtained quantum yield in
solution. The increased symmetry for 111 or by attaching more methoxy
derivative chains for 331 and 333 results in low-lving states almost
degenerating with the §; state, which decreases the oscillator strength of
S; and, consequently, the emission rate from this state. Therefore, the
higher emission quantum yield observed for 331 is due to the lower
symmetry of the molecule and lower degeneracy of the low-lying state
(compare Fig. §17 a and b). The lower quantum yield for 333 is
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Scheme 1. Synthetic route to symmetric and non-symmetric tris(alkoxyphenyl)tristriazolotriazines.
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Fig. 2. (a) Textures observed by POM for the liquid-crystalline phase (Coly,) of
331 on cooling from the isotropic liquid at 180 °C (with 10° unecrossed polar-
izers) showing the homeotropic domain growth, and (b) the characteristic
textures at 150 °C (crossed polarizers), along with large regions of homeotropie
alignment. (¢) DSC thermogram for 331 showing the second heating (blue line)
and the second cooling scan (black line), at a rate of 10 °C/min.

attributed to the larger number of alkyl chains, which increases the
number of acceptor C-H vibrational modes of higher energy, which is a
known path to decrease the emission quantum yield by inereasing the
non-radiative rate [21]. Despite this, in the solid state, due to the lower
mobility of the chains leads to a higher emission for 333.
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Fig. 3. (a) XRD pattern of the Coly, phase for 331 at 100 °C, after cooling from
the isotropic liquid (inset shows the organization of the disks in a Col, meso-
phase, with the representation of the main XRD diffractions); (b) Variation of
the Col,, lattice parameter (@) on cooling from the isotropic liquid, determined
by SAXS using synchrotron radiation.

Table 2
XRD data: indexation and calculated lattice parameter (ay) for 331.

Phase (T/°C) dope/nm (hk) Lattice Parameter
a,/nm *
Col,, 2.70 (10) 3.13
(100) 1.56 (11)
1.36 (20)
1.03 (21)
0.46 (diffuse)

0.35 (n-stacking)

* Columnar hexagonal lattice parameter determined by XRD.
3. Conclusions

Two non-symmetric tristriazolotriazine derivatives were synthesized
by reacting two differently substituted phenyltetrazoles with eyanuric
chloride and subsequently separated by size-exclusion chromatography.
Compound 331, with a periphery of seven alkoxy chains, exhibits a
stable Coly mesophase around and above room temperature, covering a
range of more than 200 °C.

The non-symmetric compounds absorb in the range between 290-
300 nm and emit in the 400 nm region. In solution, the position of the
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Fig. 4. Normalized absorption (continuous line) and emission (dashed) spectra
of 311 (black) and 331 (blue) in a 1x10 ° mol L ' ehloroform solution (a) and
spin-coated films (b).

emission depends primarily on the presence or absence of a trialkox-
vphenyl moiety, while in the solid state, a greater number of such
moieties leads to a greater red-shift, except for the symmetric compound
containing exclusively trialkoxyphenyl arms (333), which exhibits a
blue shift. The non-symmetric compounds are more luminescent than
their symmetric analogs, with quantum yields of 0.35 and 0.50 in
chloroform solution, and of 0.29 and 0.38 in spin-coated films. Theo-
retical caleulations show that the distinet behavior of the non-symmetric
compounds is primarily due to the degeneracy of the lower energy
states, rather than to a significant difference in the torsional angles

between the TTT core and the phenyl rings.

This highlights the benefits of molecular non-symmetry in both
inducing and stabilizing mesomorphic properties in columnar liquid
crystals, as well as enhancing their emission.

4. Experimental
4.1. Materials and characterizations

Reagents and solvents were acquired in analytical grade from com-
mercial sources (Aldrich, Merck, Acros and Vetec) and used without
previous purification. Reactions were monitored by Thin Layer Chro-
matography (TLC) on aluminum plates coated with a thin layer of silica
gel 60, with the indicator UVas4 — Marcherey — Nagel. Purifications were
carried out by reerystallization and by column chromatography on sil-
ica—gel 60-200 mesh 60 A using commercial grade solvents, and by Gel
Permeation Chromatography (GPC) technique, using JAI FC-3480
Recycling Preparative HPLC in a JAIGEL-2.5HR-40 column, with
HPLC-isocratic grade chloroform stabilized with ethanol as eluent.

Infrared (IR) spectra were obtained in a Bruker spectrometer, model
Alpha, using KBr pellets. 'H and '*C Nuclear Magnetic Resonance
(NMR) spectra were obtained on a JEOL ECS-400 spectrometer oper-
ating at 400 MHz and 100.6 MHz, respectively. Chemical shifts (8) are
given in parts per million (ppm) and are relative to tetramethylsilane
(TMS) as an internal standard. NMR spectra were obtained using
deuterated chloroform (CDCls) as the solvent. High resolution mass
spectra were recorded on a Bruker micrOTOF-Q II mass spectrometer
using Atmospheric Pressure Photoionization (APPI) ionization method
and operating in positive ion mode.

4.2. Thermal analysis

A polarized optical microscope Olympus BX53 coupled to a Mettler
Toledo FP-82 hot stage and an Olympus DP73 digital camera was used to
investigate melting point, phase transitions, and mesomorphic textures
of all compounds. For the target compounds, thermal transitions and
associated enthalpies values were determined by DSC measurements,
carried out using a DSC Q2000 calorimeter (TA Instruments) equipped
with a RCS90 cooling system, with a heating /cooling rate of 10 °C min™'
and a nitrogen flow of 50 mL min~".

4.3. X-ray diffraction

X-ray diffraction (XRD) measurements were performed with an
X'Pert PRO (PANalytical) diffractometer using Cu Ka beam (A = 1.5418
A), an applied power of 1.2 kVA and using the X’ Celerator detector to
collect the diffracted radiation. Films were prepared by depositing an

Table 3
Photophysical properties in chloroform and in spin-coated film.
Compound Solution Film*
Absorption” Emission Ama./nm Stokes Shift” /nm D’ Absorption Amax/nm Emission Ama./nm Stokes Shift® /nm Dg "
Aenan/nm (/10%)°
111° 294 362 68 0.34 286 371 85 -n
311 295 (4.4) 401 106 0.52 293 395 102 0.29 + 0.05
331 298 (3.5) 403 105 0.35 299 407 108 0.38 + 0.06
333° 303 (2.6) 403 100 0.06 304 390 86 0.27 £ 0.06

a

Determined in CHCls solution (1 x 10 * mol L™ "),
® Unit=Lmol 'em .

© Difference between emission maximum and longest wavelength maximum of absorption spectra.

d

© Prepared by the spin-coating on a quartz substrate.
£ Absolute quantum yield of fluorescence.

Quantum yield of fluorescence in CHC; solution relative to PBD in CHCl; (@y =

0.83) as standard.

% The photophysical data presented for compounds 111 (3d) and 333 (TTT-345) were taken from [2,11].

B Not determined.



amount of powder on a glass plate, where the temperature was
controlled with a TCU2000 — Temperature Control Unit (Anton Paar).
The scan was carried out in continuous mode from 2° to 30° (20 angle)
with the sample in the mesophase, which was obtained by cooling from
the isotropic liquid.

Small-angle X-ray scattering (SAXS) measurements were performed
on the SAXS1 beamline at the Brazilian Synchrotren Light Laboratory
(LNLS), CNPEM/MCTIC, using a wavelength 1.544 A.The samples were
placed inside a 1.5 mm quartz capillary (Hampton Research) and
inserted into the Linkam Scientific DSC6000 furnace coupled to a LNP95
cooling system. The secattered beam was detected on a Pilatus 300k
detector, with a sample-to-detector distance of 806 mm, calibrated with
silver behenate powder. The 331 sample was heated to the isotropic
liquid and cooled at a rate of 5 °C min~!, with a continuous acquisition
time of 20 s followed by 40 s pause.

4.4. Photophysical investigations

The absorption and photoluminescence spectra both in solution and
in thin solid film were recorded in the UV-Vis region by using a Shi-
madzu 2600i spectrophotometer and a Hitachi F-7000 fluorimeter,
respectively.

All compounds studied were dissolved in CHCl; at 1x1 0~ mol L™,
except in quantum yield measurements, which had their concentrations
adjusted as needed. The relative fluorescence quantum yields (@g) were
calculated according to a known procedure, [22] using 2-(4-bipheny-
ly1)-5-phenyl-1,3,4-oxadiazole (PBD) in CHClg (@F = 0.83) as standard,
due to its photophysical similarities [23].

For the measurements on thin selid films, quartz substrates were
cleaned by subsequent ultrasonication in a detergent selution, distilled
water, and ethanol, for 10 minutes each. Then, the substrates were dried
and treated with ultraviolet-ozone surface cleaner, for 4 minutes. The
compounds were dissolved in chloroform (10 mg mL™') and 100 pL were
spin-coated onto the quartz substrates at 2000 rpm for 30 s. The absolute
quantum yields for the spin-coated films were measured on a Hama-
matsu Photonics ¢9920-02G spectrophotometer with a 150W xenon
light source.

4.5. DFT methodology

The geometries of compounds 111, 311, 331 and 333 were opfi-
mized at the density functional theory (DFT) level using the BSLYP [24,
25] and def2-TZVP(-f) basis set for all atoms [26-28]. Dispersion effects
(if present) were included using Grimme’s D3 correction with the
Becke-Johnson (BJ) damping [29,30]. The evaluation of the four-center
integrals was accelerated with the RIJCOSX algorithm, using the
resolution-of-the-identity approximation for the Coulomb part (R1J) and
the chain of spheres approach for the Fock exchange (COSX) [31,32].
R1J requires the specification of an auxiliary basis set for the Coulomb
part (Def2/J) and a numerical integration grid for the exchange part
(DefGrid-2) [33]. Analytical harmonic vibrational frequency calcula-
tions were conducted to verify if the ground state is at the minimum on
the potential energy surface. Time-dependent density functional theory
under the Tamm-Dancoff approximation (TD-DFT/TDA) [34] was
employed to obtain the first 30 excitations using the same calculation
protocol to simulate the absorption spectra. The linear response
conductor-like polarizable continuum model (LR-CPCM) [35] method
included solvent effects in the excited state energies, adopting chloro-
form as the solvent. All these calculations were performed using Orca
5.0.4, [36] and the geometric representations of the complexes were
obtained using the Chemcraft software [37].

4.6. Synthesis and characterization

Synthesis of target compounds: To a 125 mL round-bottomed flask
were added 5-[4-(dodecyloxy)phenyl]-1H-tetrazole (2) (0.42 g, 330.24

g mol™', 1.26 mmol), 5-[3,4,5-tris(dodecyloxy)phenyl]-1H-tetrazole (6)
(0.88 g, 698.61 g mol™', 1.26 mmol), dry K>COs3 (0.70 g, 138.20 g
mol_', 5.0 mmol), cyanuric chloride (0.153 g, 182,92 g mol™!, 0.8
mmol) and anhydrous butanone (60 mL). The heterogeneous mixture
was refluxed for 22 hours and then cooled to room temperature. The
insoluble part was removed by vacuum filtration, the solid was washed
with DCM and the combined organic solvents was removed under
reduced pressure. The crude product was initially purified by column
chromatography on silica in DCM and then by GPC in HPLC-isocratic
grade chloroform.

Compound 111: Yield: 58.1 mg (982.4] g mol™!, 0.06 mmol, 7%).
Characterization data consistent with those found in the literature [2].

Compound 311: Yield: 164.3 mg (1351.06 g mol™', 0.12 mmol,
15%). m.p.: see Table 1. IR (KBr disk) vpax em™: 2056, 2923, 2854,
1611, 1595, 1487, 1468, 1431, 1338, 1254, 1181, 1116, 834. 'H NMR
(400 MHz, CDClg) & ppm: 0.79 — 0.83 (m, 15H, -CHg), 1.18 — 1.31 (m,
80H, -CH»-), 1.35 - 1.45 (m, 10H, -CH,CH,CH,0-), 1.66 — 1.79 (m, 10H,
-CH2CH»0-), 3.97 — 4.00 (m, 10H, -CH»0-), 6.98 (d, J = 8.4 Hz, 2H, Ar-
H), 6.99 (d, J = 8.4 Hz, 2H, Ar-H), 7.43 (s, 2H, Ar-H), 8.02 (d, J = 8.4 Hz,
4H, Ar-H). '3C NMR (100.6 MHz, CDCls) & ppm: 14.22, 22.79, 26.13,
26.21, 29.24, 29.30, 20.48, 20.55, 20.65, 20.72, 20.77, 20.81, 29.87,
30.46, 32.03, 68.35, 69.38, 73.73, 108.69, 114.55, 115.85, 118.41,
131.99, 140.51, 140.68, 141.19, 150.97, 151.11, 151.14, 153.03,
162.16. Q-TOE/MS APPI: m/z for CgsH;36NgO2 [M+H]': Calculated:
1351.0659; 1351.0619.

Compound 331: Yield: 254.5 mg (1719.71 g mel™', 0.15 mmol,
18%). m.p.: see Table 1. IR (KBr disk) vmax em™': 2056, 2923, 2854,
1613, 1597, 1578, 1489, 1469, 1432, 1340, 1254, 1116, 834. '"H NMR
(400 MHz, CDCl3) & ppm: 0.79 — 0.83 (m, 21H, -CHs), 1.18 — 1.30 (m,
112H, -CHy-), 1,57 — 1,44 (m, 14H, -CH,CH»CH50-), 1.67 — 1.80 (m,
14H, -CH,CH0), 3.97 — 4.02 (m, 14H, -CH»0-), 7,00 (d, J = 8.4 Hz, 2H,
Ar-H), 7,38 (s, 2H, Ar-H), 7,41 (s, 2H, Ar-H), 8,02 (d, J = 8.4 Hz, 2H, Ar-
H). **c NMR (100.6 MHz, CDCls) & ppm: 14.21, 22.78, 26.12, 26.19,
26.22, 29.23, 29.42, 29.46, 29.50, 29.54, 29.67, 29.71, 29.76, 29.81,
29.86, 68.36, 69.39, 69.42, 73.74, 108.76, 108.83, 114.57, 115.78,
118.31, 118.36, 132.03, 140.60, 140.77, 141.30, 141.38, 151.13,
151.19, 151.32, 153.06, 153.12, 162.18. Q-TOF/MS APPL m/z for
CyogH184No03 [M+H]™: Calculated: 1719.4313; Found: 1719.4261.

Compound 333: Yield: 168.7 mg (2088.35 g mol™', 0.08 mmol,
10%). Characterization data consistent with those found in the literature
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