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N-Oxides

HONG-CHEU LIN2", LONG-LI LAI®", YU-SHENG LIN2, CHIITANG TSAIP
and RONG-CHI CHENP

anstitute of Chemistry, Academia Sinica and Pinstitute of Applied Chemistry,
Chinese Culture University, Taipei, Taiwan, Republic of China
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The synthesis and the phase behavior of stilbazoles and corresponding N-oxides containing different
positions of heterocyclic N atoms, i.e. trans-2’-, 3’-, 4’ stilbazoles and their N-oxides, are reported.
Their phase transition temperatures and the mesogenic behavior were investigated through the DSC,
polarizing optical microscope and X-ray diffraction (XRD) measurements. Increasing dipole
moments by oxidation of stilbazoles to analogous N-oxides induces the S, phase with an interdigi-
tated bilayer packing. Both 2’-stilbazoles and analogous N-oxides do not possess mesogenic phases,
which may be due that ® electron polarizabilities are reduced by the molecular twist originated from
dipoles along the ortho-direction. Besides, the positonal effects of the N-oxides on mesogenic proper-
ties are more distinct than those of analogous stilbazoles, and new mesogenic phases have been gen-
erated by tuning the position of the N-oxide function in the charged liquid crystals. Consequently,
unique mesogenic properties may be introduced through adjusting the dipolar direction and strength
of the heterocyclic atoms in the molecules.

Keywords: positional effects; charged liquid crystals; stilbazoles; N-oxides; X-ray diffraction

~ (XRD); interdigitated bilayers

INTRODUCTION

Liquid crystalline materials containing N-heterocyclic rings as the central rigid
cores or as the terminal rigid cores are of current interest!™ due to several rea-
sons. Compared with corresponding benzene analogues, the lone pair electrons
of the nitrogen atom produce significant dipole moments which may enhance

* Authors for correspondence.
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attractive forces to generate or to improve mesogenic properties.5 +6 In case of the
central rigid cores containing charged N-oxide functions, the N-oxide functions
do really introduce attractive forces to stabilize S5 phase.7 Whereas, in order to
introduce lateral dipoles attaching lateral substituents®~'2 on the rigid cores are
normally adopted in the structure design, which may cause the system broading
and depress the mesogenic range. Nevertheless, dipole moments produed by the
lone pair electrons of the N-heterocyclic rings can avoid the drawback of the sys-
tem broading. Another benefit of the molecular design is that the direction and
the strength of the dipole moment can be adjusted easily, such as changing the
position of the N atom or oxidation of the N atom to the N-oxide function. By
changing these factors the physical properties, such as response time, viscosity,
dielectric constant, dipole moment, refractive index, mesogenic phase, phase
transition temperature and molecular packing can be modified.

With regard to N-heterocyclic rings as the terminal rigid cores, the lone pair
clectrons could be suitable candidates as the proton acceptors for hydro-
gen-bonded supramolecules. There are several hydrogen-bonded supramolecules
utilizing stilbazoles and stilbazole-N-oxides as the H-bond acceptors.'® There-
fore, the directional and charged effects of these dipoles can be both investigated
in the pure systems along with the H-bonded systems. However, only a few
charged liquid crystals with the N-oxides as the terminal rigid cores have been
studied.'* 15 So far, no systematic structura! studies of stilbazoles and their
N-oxides with different N atom positions have been described. To our knowl-
edge, the only stilbazole-N-oxide as the H-bond acceptor was trans-4-hexy-
loxy-4’-stilbazole-N-oxide up to date and it does not possess any mesogenic
properties as described. 6 Herein, we wish to report the synthesis and characteri-
zation of new series of mesogenic trans-stilbazoles and their N-oxides in com-
parison with trans-4-alkoxy-4'-stilbazoles which have been reported
previously.!? Furthermore, the positional and dipolar effects of the N atoms as
well as the N-oxides on mesogenic properties and molecular packings will be
discussed. In this paper trans-stilbazoles are denoted as CnO, CnM and CnP,
where n in Cn is the n-alkyloxy chain length OCnH2n+1 (n=8, 12 and 16) and
the character (O, M and P) after n is the position of the N atom prepared from o-,
m- and p- pyridinecarboxaldehyde 1. Their corresponding N-oxides are abbrevi-
ated to CnOO, CnMO and CnPO, where the last character O means the N-oxide.

cnO CnM CnP
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Cn0OO cnMO CnPO

n=8,12, and 16

RESULTS AND DISCUSSION

We have successfully prepared trans-stilbazoles and analogous N-oxides, i.e.
4-alkoxy-2'-stilbazoles 2  (CnQ), 4-alkoxy-3’-stilbazoles 3 (CnM),
4-alkoxy-4’-stilbazoles 4 (CnP), 4-alkoxy-2’-stilbazole N-Oxides 5 (CnOO),
4-alkoxy-3’-stilbazole N-Oxides 6 (CnMOQ) and 4-alkoxy-4'-stilbazole N-Oxides
7 (CnPO). The synthetic routes of trans-stilbazoles 2-4 and their corresponding
N-oxides 5-7 are shown in Scheme 1. The phosphonium salts 1 were prepared
according to the literature method.'® The synthesis was carried out in 50 mmole
scale and the yield was generally over 80 % in each step. Compounds 1 were fur-
ther treated with o-, m-, p- pyridinecarboxaldehyde to yield the desired stilba-
zoles 2—4, and then stilbazoles 2-4 were treated with m-CPBA to produce
corresponding N-oxides 5-7.

The thermal transition temperatures and their corresponding enthalpies of
trans-stilbazoles 2-4 and their analogous N-oxides 5-7 with different alkoxy
chain lengths OCnH2n+1 (n = 8, 12 and 16) are shown in Tables I and II. In these
Tables, S; and S, are temporarily assigned as Sg and Sg respectively (confirmed
by XRD and polarizing optical microscopy), and Sy is the unidentified highly
ordered smectic phase. Analyzing Table I and II, all N-oxides possess higher
isotropization temperatures than their analogous stilbazoles, and the N atom in
the ortho-position of stilbazoles and N-oxides (CnO and CnOO) all do not pos-
sess mesogenic property. Moreover, the S, phase is more favored in N-oxide
derivatives than stilbazoles, which suggests that stronger dipole moments in
N-oxides may enhance arractive forces to induce the S, phase. In general, the
positional effects of N atoms on thermal properties of stilbazoles are not so
prominent as N-oxides, and new mesogenic phases have formed by tuning the
position of the N-oxide function in the heterocyclic ring. For instance, the
isotropization temperatures of N-oxides have the following order CnPO > CnMO
> CnOO at the same chain length n, but stilbazoles do not have a clear trend. This
implies that stronger dipole moments and bulky side groups in N-oxides along
different directions may influence the molecular planarity and packing more
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SCHEME 1 The synthetic route for compounds 2-7

effectively than stilbazoles, and hence reduce the isotrpization temperatures
sequentially. Considering stilbazoles, C8M (N atom in the meta-position and
n = 8) still possesses the same phases, i.e. Sg and Sg, as C8P (the para-position).
Fig. 1 shows the characteristic mosaic and lancet texture of the Sg phasc:17 of
C8M. However, Sg and Sg were not observed at longer chain lengths n= 12 and
16 (C12M and C16M). Comparatively, N-oxides in the meta-position (CnMO)
possess extra phases, i.e. Sy and Sg, other than S, shown in the para-position
(CnPO). Fig. 2 demonstrates the mosaic texture of the Sg phase of C12MO. The
smectic E phase exhibits a platelet texture which appears ghost-like images of
platelets through the platelet edges as described.!® In contrast to C16MO,
C12MO and C8MO exhibit an enantiotropic Sg phase and a monotropic Sg
phase respectively, which were not observed at a longer alkoxy length C16MO.
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TABLE 1 Thermali data for trans-4-alkyloxy-2’, 3’, 4’-stilbazoles

Compound Transition 7(°C) AH(Jg™)
2a (C80) C1 88.3 1132
[-Sy? 71.1
Sx-C 70.0 (12.1°
2b (C120) (¢8| 85.6 116.4
I-Sy 735
Sx-C 71.8 (114.5)
2¢ (C160) (o8 92.8 134.0
I-Sy 82.8
Sx-C 82.1 (134.7)
3a (C8M) C-S° 67.4 59.6
$1-S5% 80.0°
Syl 81.8 (36.7)
I-S, 773 36.9
§,-C 329 56.3
3b (C12M) C1 84.0 121.1
I-Sy 68.7
Sx-Sx’ 66.3
Sx-C 64.9 (125.6)
3c (C16M) C- 939 1479
I-Sy 82.0
Sx-C 81.4 (150.0)
4a (C8P) C-Sg 729 59.1
Sp-Sg 86.0
Sp-1 87.5 (38.2)
I-Sg 82.9
Sp-Sg 81.4 (37.6)
Sg-C 30.0 50.2
4b (C12P) c-C 84.4
C-Sg 85.6
Sg-Sg 874
Sp-1 88.8 (127.1)
I-Sg 78.4 33.3
Sp-Sg 66.4
Sg-C 63.7 (84.5)
4c (C16P) C-I 95.7 163.0
I-Sy 78.7
Sx-C 778 (162.3)

a. Sy is the unidentified highly ordered smectic phase; Sy and S, are assigned as Sg and Sg respec-
tively (confirmed by XRD and POM).
b.  Blank enthalpies are those overlapped phase transitions shown in the parentheses.
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TABLE II Thermal data for N-oxides of trans-4-alkyloxy-2’, 3’, 4’-stilbazoles

Compound Transition 7°C) AHY. Jg‘] )
5a (C800) C-1 1077 74.8
I-C 96.8 73.6
5b (C1200) C-I 109.5 73.6
I-C 96.8 73.8
5¢ (C1600) C-1 112.6 92.2
I-C 102.4 91.4
6a (C8MO) C-Sx 78.1 2.1
Sx-S,* 102.3 19.8
S,-1 110.8 61.2
-S4 1074 7.8
Sa-Sx 89.2 82.4
Sx-C 53.5 0.9
6b (C12MO) C-Sx 53.0 4.8
Sx-Sy 65.1 4.6
Sx-S)? 89.7 19.4
S1-Sa 102.0 57.1
Sa-l 129.6 114
I-S, 125.9 11.5
Sa- Sy, Sx” (mixed) 82.4 58.6
S¢, Sx’ (mixed)-Sx 54.6 5.2
Sx-C 39.8 3.7
6¢ (C16MO) C-Sy4 102.1 102.1
Sp-l 126.9 83
I-S4 124.0 9.2
S-Sy 79.5 83.5
Sx-C 71.0 2.1
7a (C8PO)° C-Sy 1124 89. 1
Sa-l 116.7 8.4
I-S, 1134 8.5
S4-C 68.5 83.7
7b (C12P0O) C-Su 108.0 96.7
Sal 138.3 11.0
[-So 1349 10.7
Sp-C 60.1 87.8
7¢ (C16PO) C-Sy 100.6 100.6
Sal 133.5 9.2
I-Sp 131.0 9.1
SA-C 62.9 95.0

a. Sy andS,; are assigned as Sg and Sg resFectively (confirmed by XRD and POM).

b.  Trans-4’-hexyloxy-4-stibazole-N-oxide

6 (C6PO) : C-I (melting point) 121°C.
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FIGURE 1 The characteristic mosaic and lancet texture of the Sy phase of C8M at 80°C (See Color
Plate I at the back of this issue)

FIGURE 2 The mosaic texture of the Sg phase of C12ZMO at 90°C (See Color Plate II at the back of
this issue)
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Further, C8MO exhibits only the monotropic S, phase, rather than the enantio-
tropic S, phase in C12MO and C16MO, suggesting that the more stable enantio-
tropic S5 phase are not favored at the shorter alkoxy length. Regarding the
para-N-oxide CnPO system, as mentioned in the literature'® trans-4-hexy-
loxy-4’-stilbazole-N-oxide (C6PO) do not possess the mesogenic property and its
melt point is 121°C. As n 2 8, all CnPO possess the enantiotropic S, phase and
the range of the S, phase increases as n increases. Thus, the alkoxy flexible
chain length must reach a critical length n > 6 in order to obtain the enantiotropic
S 4 phase. Generally, CnPO and CnMO both exhibit broader ranges of S, phase
at longer alkoxy lengths, and CnPO exhibits a wider S, phase than CnMO at the
same n value. However, tuning the N-oxide function from the para-position
(CnPO) to the meta-position (CnMO) can reduce the phase transition tempera-
tures at the expense of narrower ranges of S phase.

The layer spacing (d) of the molecule is defined by the lowest angle of X-ray
diffraction, and the d value is related to the molecular packing inside the layer.
Table III shows X-ray diffraction studies of 4-dodecyloxy-2’, 3", 4’-stilbazoles
and their corresponding N-oxides. Increasing dipole moments through the
charged N-oxide function is so sufficient to stabilize the layer structure S 5 phase,
which is proved by X-ray diffraction (XRD) to be the interdigitated bilayer struc-
ture, i.e. Sp4 phase. Besides, Fig. 3 shows a characteristic oily streak pattern of
the Sy phase20 of CnPO and CnMO N-oxides. This oily streak pattern of the S 5
phase was also observed in another charged pyridium liquid crystals of our pub-
lication.?! In addition, in the crystalline state a monolayer molecular packing is
favored as the dipole moments of the stilbazoles and N-oxides are along the
para-direction (C12P and C12PO). However, a bilayer packing is favored as the

TABLE Il XRD studies of 4-dodecyloxy-2'-, 3’-, 4’- stilbazoles and their corresponding N-oxides

Compound Temperature(°C) Phase Layer spacing d(A)

2b (C120) 50 C 51.3
5b (C1200) 50 C 319
3b (C12M) 50 C 52.6
6b (C12MO) 50 C 43.6

95 Se 28.7

120 Sa 387
4b (C12P) 50 C 26.0

86 Sg 28.6
7b (C12PO) 50 C 266

125 Sa 39.7
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FIGURE 3 The characteristic oily streak pattern of the S, phase of C16MO at 120°C formed on heat-
ing the crystal (at the rate of 10°C/min) (See Color Plate III at the back of this issue)

dipole moments of the stilbazoles are along the meta- and ortho- directions
(C120 and C12M), and an interdigitated bilayer packing is favored as the dipole
moments of the N-oxides are along the meta- and ortho- directions (C1200 and
C12MO). Hence, the lateral dipole moments in the meta- and ortho- systems do
facilitate the formation of the bilayer and interdigitated bilayer structures in the
crystalline state. This result was confirmed by XRD and the calculation of the
fully extended molecular length. The fully extended molecule (~26.4A) and a
possible molecular bilayer packing of 3b is drawn in Fig. 4. Regardless of their
N-atom position, compounds 6b and 7b have similar layer spacings (38.7A and
39.7A) in the S phase, which is about 1.5 times of the fully extended molecular
length. Based on this result, the S, phase in compounds 6b and 7b can be
defined as the interdigitated bilayer structure, i.e. Sp4 phase. This interdigitated
bilayer structure may have a head-to-head arrangement with rigid cores over-
lapped together, which is related to the dipolar interaction between two mole-
cules. Interestingly, the d spacing of compound 6b varied in an unusual way as
shown in Table III. Though all these molecular structures (C, Sy and S,) are all
belong to interdigitated bilayer structures, the layer thickness decreases as enter-
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- 26.4A ——————]
(fully extended)

HacWVW\o—O—\_O
N N
Q\Q'ovvv\/\/\/c“s

! 52.6A (XRD) I

3b (C12M) in crystalline state

FIGURE 4 Possible molecular bilayer packing of compound 3b in crystalline state

ing the Sg phase and increases again as entering the S, phase during the heating
cycle (reversible in the cooling cycle). Biphasic phenomenon was observed in
both tranformations into and out of the Sg phase during the heating and cooling
cycles. Compounds 4b and 6b both possess the enantiotropic Sg phase with the
interdigitated bilayer packings which are approximately equal to the monolayer
spacing. A possible molecular arrangement of compounds 4b and 6b is that the
bilayer molecules in the interdigitated packing almost overlap completely in this
Sg structure. Further X-ray structure analysis and the molecular modeling will be
needed to explore the detailed molecular arrangement.

EXPERIMENTAL

The 'H and '3C NMR spectra were recorded on a Bruker MSL 200 spectrometer
(200MHz) from a CDCl; solution with TMS as the internal standard. The ele-
mental analyses were carried out by Perkin Elmer 2400 CHN type. The thermal
transition temperatures and textures of all products were obtained from Per-
kin-Elmer DSC-7 and Leitz Laborlux S polarizing optical microscope (POM)
equipped with a THMS-600 heating stage. The heating and cooling rates were
10°C/min for all measurements unless mentioned. Powder X-ray diffraction
(XRD) patterns were obtained from a X-ray diffractometer Siemens D-5000
(40kV, 30mA) fitted with a temperature controller TTK450. Nickel-filtered
CuKo radiation was used as an incident X-ray beam.O-, m- and p- pyridinecar-
boxaldehyde, alkyl bromides, lithium aluminium hydride, and phosphorus tribro-
mide were commerciable available. Solvents were distilled before use.
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Alkoxybenzyl triphenylphosphonium bromide

(a) Preparation of p-aikoxybenzaldehyde

KOH (4.2 g, 75 mmole) was dissolved in ethanol-water (100 ml; 9:1), and
p-hydroxybenzaldehyde (6.1 g, 50 mmole) followed by 1.3 equivalents of bro-
moalkane was added. The resulting solution was heated under reflux for 4 hours.
Water (100 ml) was added and the resulting solution was extracted with CH,Cl,
(50 ml x 2). The combined extracts were dried over Na,SO, and evaporated at
reduced pressure and purified by chromatography on silica to give the desired
products in 84-98% yields.

(b) Preparation of p-alkoxybenzyl alcohol

The p-alkoxybenzaldehyde (50 mmole) was dissolved in THF (50-100 ml), and
excess of the LiAlH, was added portion by portion. The resulting solution was
stirred for 1 hour. Ice-water (100 g) was added and the resulting solution was
extracted with CHCl3 (200 ml). The organic solvent was dried over Na,SO, and
evaporated at reduced pressure and purified by chromatography on silica to give
the desired products in quantitative yields.

(c) Preparation of p-alkoxybenzyl bromide

The p-alkoxybenzyl alcohol (50 mmole) was treated with phosphorus tribromide
(25 mmole) in absolute ether (50 ml) ovc:rnight.22 The mixture was hydrolyzed
with ice water, and the layers separated. The ether layer was washed with sodium
bicarbonate solution and dried over Na,SO,. Then, it was evaporated at reduced
pressure and purified by chromatography on silica to give the desired products in
80-90% yields.

(d) Preparation of alkoxybenzyl triphenylphosphonium bromide

The p-alkoxybenzyl bromide (50 mmole) and 1.1 equivalents of triphenylphos-
phine were added to xylene (50~100 ml), and the resulting solution was heated
under reflux for 2-3 hours and cooled to room temperature. Hexane (100-
200 ml) was added to precipitate the solid which was then filtered and dried. The
desired products was obtained in 80-90% yields.

la: & (CDCl3) 0.88 (t, 3H, CH3), 0.98-1.76 (m, 12H, 6xCH,), 3.85 (t, 2H,
OCH),), 5.25 (d, 2H, J=13.68Hz, P-CH,), 6.64 (d, 2H, J=8.50Hz, 2xAr-H), 6.99
(d, 2H, J=8.38Hz, J=8.61Hz, 2xAr-H), 7.58-7.81 (m, 15H, PPhy-H).

1b: 3 (CDCl3) 0.88 (t, 3H, CH3), 1.19-1.43 (m, 18H, 9xCH,), 1.68-1.75 (m,
2H, CHy), 3.84 (t, 2H, OCH,), 5.23 (d, 2H, J=13.71Hz, P-CH,), 6.64 (d, 2H,
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J=8.48Hz, 2xAr-H), 6.98 (d, 2H, J=8.36Hz, J=8.61Hz, 2xAr-H), 7.59-7.79 (m,
15H, PPh;-H).

1c: § (CDCly) 0.88 (t, 3H, CH3), 1.17-1.73 (m, 28H, 14xCH,), 3.84 (t, 2H,
OCH,), 5.18 (d, 2H, J=13.65Hz, P-CH,), 6.63 (d, 2H, J=8.34Hz, 2xAr-H), 6.97
(d, 2H, J=8.41Hz, J=8.65Hz, 2xAr-H), 7.58-7.82 (m, 15H, PPhy-H).

Trans-4-alkyloxy-2’-, 3-, 4’-stilbazoles

Pyridinecarboxaldehyde (0.21g, 2 mmole) and 1.2 equivalents of the dried
alkoxybenzyl triphenylphosphonium bromide were disolved in ethano! (30 mt)
and 2.4 mmole of ETOLI (0.2 M, 12 ml in ethanol) was then added. The resulting
solution was stirred for 30 minutes. Water (50 ml) was added and the resulting
solution was extracted with CH,Cl, (50 ml x2).

The combined extracts were dried over Na,SO,4 and evaporated at reduced
pressure and purified by chromatography on silica to give the desired stilbazoles
in 30-50% yields.

2a: 'TH NMR & (CDCl5) 0.89 (1, 3H, CH5), 1.26-1.45 (m, 10H, 5xCH,), 1.75-
1.81 (m, 2H, CHy), 3.96 (t, 2H, OCH,), 6.89 (d, 2H, J=8.66Hz, 2xAr-H), 7.34 (d,
1H, J=7.82Hz, Ar-H), 7.50 (d, 2H, J=8.64Hz, 2xAr-H), 8.57 (d, 1H, J=2.99Hz,
Ar-H), 701-7.11, 7.56-7.65 (2m, 4H, 2xAr-H+2xCH=). '3C NMR 3§
(CDCl13)14.05, 22.62, 26.02, 29.21, 29.32, 31.78, 68.08, 114.74, 121.56, 121.68,
125.47, 128.42, 129.18, 132.57, 136.51, 149.39, 155.97, 159.54. Elemental anal-
ysis: calculated: C=81.51, H=8.79, N=4.53; experimental: C=81.67, H=9.09,
N=4.35.

2b: 'H NMR 8 (CDCl3) 0.88 (t, 3H, CH3), 1.27-1.46 (m, 18H, 9xCH,), 1.76—
1.83 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.89 (d, 2H, J=8.67Hz, 2xAr-H), 7.37 (d,
1H, J=7.80Hz, Ar-H), 7.51 (d, 2H, J=8.53Hz, 2xAr-H), 8.59 (s, 1H, Ar-H), 7.02-
7.14, 7.57-7.65 (2m, 4H, 2xAr-H+2xCH=). 13C NMR & (CDCl3)14.08, 22.67,
26.03, 29.37, 29.62, 3191, 68.14, 114.29, 114.81, 121.68, 124.87, 128.57,
129.06, 130.29, 133.22, 137.00, 148.89, 159.71. Elemental analysis: calculated:
C=82.14, H=9.65, N=3.83; experimental: C=81.96, H=9.81, N=3.78.

2¢: 'H NMR § (CDCl,) 0.88 (t, 3H, CH3), 1.26-1.46 (m, 26H, 13xCH,), 1.74—
1.83 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.89 (d, 2H, J=8.65Hz, 2xAr-H), 7.35 (d,
1H, J=7.94,Hz Ar-H), 7.50 (d, 2H, J=8.69Hz, 2xAr-H), 8.58 (d, 1H, J=3.98Hz,
Ar-H), 7.01-7.13, 7.55-7.66 (2m, 4H, 2xAr-H+2xCH=). '3C NMR 3 (CDCl5)
14.09, 22.68, 26.04, 29.26, 29.38, 29.68, 31.92, 68.12, 114.77, 121.60, 121.70,
125.50, 128.44, 129.20, 132.59, 136.54, 149.43, 159.55. Elemental analysis: cal-
culated: C=82.61, H=10.28, N=3.32; experimental: C=82.51, H=10.59, N=3.28.

3a: '"H NMR 8 (CDCly) 0.89 (t, 3H, CH3), 1.23-1.49 (m, 10H, 5xCH,), 1.74—
1.84 (m, 2H, CH,),3.98 (1, 2H, OCH,), 6.89 (d, 2H, J=8.43Hz, 2xAr-H), 6.91 (d,
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1H, J=10.27Hz, CH=), 7.11 (d. 1H, J=16.32Hz, CH=), 7.24-7.29 (m, 1H, Ar-H),
7.44 (d, 2H, J=8.74Hz, 2xAr-H), 7.80 (d, 1H, J=6.33Hz, Ar-H), 8.44+8.69 (2s,
2H, 2xAr-H). 13C NMR & (CDCly) 14.04, 22.62, 26.01, 29.21, 29.31, 31.54,
31.77, 68.10, 114.79, 122.37, 123.51, 127.90, 129.17, 130.57, 132.51, 133.49,
147.78, 148.02, 159.38. Elemental analysis: calculated: C=81.51, H=8.79,
N=4.53; experimental: C=81.44, H=8.67, N=4.47.

3b: 'H NMR & (CDCly) d 0.88 (t, 3H, CH3), 1.27-1.46 (m, 18H, 9xCHy),
1.75-1.83 (m, 2H, CH,),3.98 (t, 2H, OCH,), 6.90 (d, 2H, J=8.55Hz, 2xAr-H),
6.92 (d, 1H, J=8.81Hz, CH=), 7.11 (d, 1H, J=16.41Hz, CH=), 7.26-7.29 (m, 1H,
Ar-H), 745 (d, 2H, J=8.65Hz, 2xAr-H), 7.77 (d, 1H, J=7.93Hz, Ar-H),
8.46+8.59 (2s, 2H, 2xAr-H). 13C NMR 8\(CDC13)14.09, 22.67, 26.03, 29.26,
29.35, 29.61, 31.57, 31.91, 68.14, 114.82, 122.34, 123.65, 127.95, 129.18,
130.71, 132.65, 147.59, 147.86, 159.44. Elemental analysis: calculated:
C=82.14, H=9.65, N=3.83; experimental: C=82.32, H=9.81, N=3.49,

3c: 'HNMR & (CDCl3) 0.88 (t, 3H, CH3y), 1.26-1.48 (m, 26H, 13xCHj), 1.76-
1.81 (m, 2H, CH,),3.97 (t, 2H, OCH,), 6.89 (d, 2H, J=8.43Hz, 2xAr-H), 6.92 (d,
1H, J=17.47Hz, CH=), 7.12 (d, 1H, J=16.42Hz, CH=), 7.26-7.28 (m, 1H,Ar-H),
7.44 (d, 2H, J=8.6THz, 2xAr-H), 7.79 (d, 1H, J=7.89Hz, Ar-H), 8.46+8.70 (2s,
2H, 2xAr-H). 13C NMR § (CDC13)14.06, 22.65, 26.01, 29.23, 29.35, 29.57,
29.65, 31.90, 68.11, 114.79, 122.43, 123.50, 127.90, 129.20, 130.53, 132.44,
133.45, 147.88, 148.11, 159.38. Elemental analysis: calculated: C=82.61,
H=10.28, N=3.32; experimental: C=82.61, H=10.55, N=3.06.

4a: 'HNMR 3 (CDCl3) 0.89 (t, 3H, CH3), 1.26-1.48 (m, 10H, 5xCH,), 1.74-
1.81 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.86 (d, 1H, J=16.22Hz, CH=), 6.92 (4,
2H, J=8.72Hz, 2xAr-H), 7.26 (d, 1H, J=16.27Hz, CH=), 7.34 (d, 2H, J=3.93Hz,
2xAr-H), 7.46 (d, 2H, J=8.72Hz, 2xAr-H), 8.55 (s, 2H, 2xAr-H). 13C NMR &
(CDCly) 14.04, 22.62, 26.00, 29.20, 29.31, 29.66, 31.77, 68.13, 114.84, 120.72,
123.40, 128.39, 128.60, 133.11, 145.40, 149.64, 159.86. Elemental analysis: cal-
culated: C=81.51., H=8.79, N=4.53; experimental: C=81.92, H=9.23, N=4.40.

4b: 'H NMR § (CDCl;) 0.88 (t, 3H, CHj3), 1.27-1.48 (m, 18H, 9xCH,), 1.76~
1.81 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.86 (d, 1H, J=16.22Hz, CH=), 6.90 (d,
2H, J=8.69Hz, 2xAr-H), 7.27 (d, 1H, J=16.27Hz, CH=), 7.35 (s, 2H, 2xAr-H),
7.46 (d, 2H, J=8.66Hz, 2xAr-H), 8.58 (s, 2H, 2xAr-H). 3C NMR 3§
(CDCl1,3)14.08, 22.67, 26.01, 29.22, 29.34, 29.61, 31.90, 68.15, 114.87, 120.87,
123.40, 128.42, 128.61, 133,21, 145.49, 149.55, 159.90. Elemental analysis: cal-
culated: C=82.14, H=9.65, N=3.83; experimental: C=81.97, H=9.82, N=3.76.

4c: 'H NMR & (CDCl5) 0.88 (t, 3H, CHjy), 1.19-1,81 (m, 28H, 14xCH,), 3.98
(t, 2H, OCH,), 6.86 (d, 1H, J=16.08Hz, CH=), 6.90 (d, 2H, J=8.52Hz, 2xAr-H),
7.27 (d, 1H, J=16.32H2, CH=), 7.33 (d, 2H, J=5.55Hz, 2xAr-H), 7.46 (d, 2H,
J=8.61Hz, 2xAr-H), 8.54 (s, 2H, 2xAr-H). 13C NMR & (CDCl3) 14.08, 22.66,
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26.01, 29.21, 29.35, 29.66, 31.91, 68.14, 114.85, 120.64, 123.47, 128.37, 133.00,
145.27, 149.82, 159.85. Elemental analysis: calculated: C=82.61, H=10.28,
N=3.32; experimental: C=82.71, H=10.30, N=2.98.

Trans-4-alkyloxy-2'-, 3'-, 4'-stilbazole-N-oxides

m-CPBA (3.44 g, 2 mmole) was added to the stilbazole (2 mmole) in dichlo-
romethane (30 mL) and the resulting mixture was stirred for 5 hours at room
temperature. Solvent was removed at reduced pressure and the residue was
recrystallized from hexane to give the desired N-oxides 5, 6 and 7 in 80-90 %
yields.

5a: 'H NMR § (CDCl5) 0.89 (t, 3H, CH3), 1.30-1.49 (m, 10H, 5 x CH,), 1.79
(m, 2H, CH,), 3.98 (t, 2H, OCH2), 6.90 (d, 2H, J=8.71Hz, 2 X Ar-H), 7.04-7.11
(m, 1H, Ar-H), 7.21 (t, 1H, Ar-H), 7.37 (d, 1H, J=16.71Hz, CH=), 7.54 (d, 2H,
J=8.72Hz, 2 x Ar-H), 7.58~7.63 (m, 1H, Ar-H), 7.70 (d, 1H, J=16.69, CH=), 8.23
(d, 1H, J=6.22, Ar-H). 13C NMR (CDCl5) 14.02, 22.57, 25.96, 29.15, 29.27,
31.74, 68.07, 114.74, 116.14, 122.40, 122.93, 125.35, 128.65, 128.89, 135.24,
139.80, 148.20, 160.08. Elemental analysis: calculated: C=77.50, H=8.36,
N=4.30; experimental: C=77.49, H=8.36, N=4.27.

5b; 'HNMR & (CDCl3) 0.88 (t, 3H, CH3), 1.27-1.44 (m, 18H, 9 x CH,), 1.72-
1.86 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.90 (d, 2H, J=8.69Hz, 2 x Ap-H), 7.03—
7.11 (m, 1H, Ar-H), 7.21 (t, 1H, Ar-H), 7.37 (d, 1H, J=16.68Hz, CH=), 7.54 (d,
2H, J=8.72Hz, 2 x Ar-H), 7.58-7.63 (m, 1H, Ar-H), 7.70 (d, 1H, J=16.68, CH=),
8.23 (d, 1H, J=6.44, Ar-H). 13C NMR 3§ (CDCly) 14.05, 22.61, 25.96, 29.15,
29.28, 29.32, 29.51, 29.57, 29.59, 31.84, 68.07, 114.75, 116.13, 122.41, 122.93,
125.37, 128.65, 128.90, 135.26, 139.82, 148.22, 160.08. Elemental analysis: cal-
culated: C=78.70, H=9.25, N=3.67; experimental: C=78.67, H=9.27, N=3.74.

5c: 'HNMR & (CDCl3) 0.88 (t, 3H, CHj), 1.18-1.45 (m, 26H, 13 x CH,), 1.79
(m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.90 (d, 2H, J=8.21Hz, 2 x Ar-H), 7.04-7.13
(m, 1H, Ar-H), 7.23 (t, 1H, Ar-H), 7.38 (d, 1H, J=16.68Hz, CH=), 7.55 (d, 2H,
J=8.77Hz, 2 X Ar-H), 7.60-7.65 (m, 1H, Ar-H), 7.71 (d, 1H, J=16.68, CH=), 8.25
(d, 1H, J=6.02, Ar-H). 13C NMR 3 (CDCl,) 14.08, 22.64, 25.99, 20.18, 29.32,
29.35, 29.54, 29.65, 31.89, 68.09, 114.76, 116.10, 122.42, 122.97, 125.51,
128.64, 128.93, 135.33, 139.85, 148.26, 160.11. Elemental analysis: calculated:
C=79.59, H=9.90, N=3.20; experimental: C=79.54, H=9.88, N=3.32.

6a: 'HNMR & (CDCl5) 0.89 (t, 3H, CH3), 1.30-1.49 (m, 10H, 5 x CH,), 1.79
{(quint, 2H, CH,), 3.98 (t, 2H, OCH,), 6.75 (d, 1H, J=16.30Hz, CH=), 6.90 (d,
2H, J=8.70Hz, 2 x Ar-H), 7.11(d, 1H, J=16.32, CH=), 7.20-7.28 (m, 1H, Ar-H),
7.39 (d, 1H, J=9.66, Ar-H), 7.44 (d, 2H, J=8.76Hz, 2 x Ar-H), 8.07 (d, 1H,
J=6.05, Ar-H), 8.32 (s, 1H, Ar-H). '>C NMR & (CDCl3) 14.00, 22.56, 25.93,
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29.12, 29.25, 31.71, 68.08, 114.80, 119.64, 123.27, 125.59, 128.09, 128.30,
133.19, 136.77, 136.92, 137.24, 159.92. Elemental analysis: calculated:
C=77.50, H=8.36, N=4.30; experimental: C=77.05, H=8.38, N=4.29.

6b: 'HNMR § (CDCl3) 0.88 (t, 3H, CHj3), 1.27-1.49 (m, 18H, 9 x CH,), 1.73-
1.86 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.75 (d, 1H, J=16.40Hz, CH=), 6.91 (d,
2H, J=8.70Hz, 2 x Ar-H), 7.12(d, 1H, J=16.30, CH=), 7.20-7.27 (m, 1H, Ar-H),
7.39 (d, 1H, J=9.68, Ar-H), 7.44 (d, 2H, J=8.80Hz, 2 x Ar-H), 8.08 (d, 1H,
J=6.13, Ar-H), 8.33 (s, 1H, Ar-H). 1>C NMR § (CDCl5) 14.01, 22.65, 25.98,
29.16, 29.32, 31.71, 68.08, 114.85, 119.69, 123.35, 125.63, 128.09, 128.35,
133.24, 136.82, 136.95, 137.39, 159.97. Elemental analysis: calculated:
C=78.70, H=9.25, N=3.67; experimental: C=78.22, H=9.22, N=3.68.

6c: 'H NMR § (CDCl3) 0.88 (t, 3H, CHg3), 1.25-1.45 (m, 26H, 13 x CHyp),
1.73-1.83 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.75 (d, 1H, J=16.34Hz, CH=),
6.91 (d, 2H, J=8.74Hz, 2 x Ar-H), 7.12(d, 1H, J=16.34, CH=), 7.21-7.27 (m, 1H,
Ar-H), 7.40 (d, 1H, J=9.46, Ar-H), 7.44 (d, 2H, J=8.78Hz, 2 x Ar-H), 8.07 (d,
1H, J=5.26, Ar-H), 8.33 (s, 1H, Ar-H). 1>’C NMR § (CDCl,) 14.08, 22.66, 25.97,
29.16, 29.34, 29.52, 29.55, 29.61, 29.65, 31.89, 68.11, 114.84, 119.67, 123.30,
125.63, 128.12, 128.35, 133.22, 136.84, 137.27, 137.39, 159.95. Elemental anal-
ysis: calculated: C=79.59, H=9.90, N=3.20; experimental: C=79.70, H=10.08,
N=3.16.

7a: '"H NMR & (CDCl3) 0.89 (t, 3H, CHy), 1.26-1.82 (m, 12H, 6xCH,), 3.98 (t,
2H, OCH,), 6.83 (d, 1H, J=16.58Hz, CH=), 6.91 (d, 2H, J=8.60Hz, 2 x Ar-H),
7.11 (d, 1H, J=15.47, CH=), 7.35 (s, 2H, 2 x Ar-H), 7.44 (d, 2H, J=8.64Hz, 2 x
Ar-H), 8.14 (d, 2H, J=6.36Hz, 2 x Ar-H) 13C NMR § (CDCly) 14.08, 22.67,
26.00, 29.18, 29.66, 31.90, 68.20, 114.98, 120.98, 122.64, 128.04, 128.66,
129.57, 130.05, 132.81, 134.32, 137.34, 160.31. Elemental analysis: calculated:
C=77.50, H=8.36, N=4.30; experimental: C=77.24, H=8.39, N=4.30.

7b: '"H NMR § (CDCl3) 0.88 (t, 3H, CH3), 1.26-1.49 (m, 18H, 9 x CH,), 1.76—
1.82 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.80 (d, 1H, J=16.60Hz, CH=), 6.91 (d,
2H, J=8.58Hz, 2 x Ar-H), 7.16 (d, 1H, J=16.36Hz, CH=), 7.35 (d, 2H,
J=11.36Hz,2 x Ar-H), 7.44 (d, 2H, J=8.64Hz, 2 x Ar-H), 8.14 (d, 2H, J=6.92Hz,
2 x Ar-H). 13C NMR § (CDCl5) 14.09, 22.68, 29.18, 29.35, 29.64, 31.91, 68.20,
114.98, 120.98, 122.63, 128.06, 128.60, 129.58, 130.06, 132.88, 134.48, 137.22,
160.12. Elemental analysis: calculated; C=78.70, H=9.25, N=3.67; experimental:
C=78.40, H=9.19, N=3.77.

7¢: 'H NMR § (CDCl3) 0.88 (t, 3H, CH3), 1.25-1.45 (m, 26H, 13 x CH,),
1.73-1.83 (m, 2H, CH,), 3.98 (t, 2H, OCH,), 6.85 (d, 1H, J=16.74Hz, CH=),
6.91 (d, 2H, J=8.87Hz, 2 x Ar-H), 7.19 (d, 1H, J=16.34, CH=), 7.40 (d, 1H,
J=9.46, Ar-H), 7.47 (d, 2H, J=8.11Hz, 2 x Ar-H), 8.16 (d, 2H, J=6.98Hz, 2 x
Ar-H). 3C NMR 3§ (CDCl3) 14.08, 22.67, 26.00, 29.18, 29.66, 31.90, 68.20,
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114.98, 120.98, 122.64, 128.04, 128.66, 129.57, 130.05, 132.81, 134.32, 137.34,
160.31. Elemental analysis: calculated: C=79.59, H=9.90, N=3.20; experimental:
C=79.58, H=9.78, N=3.08.

CONCLUSION

Though compounds 2-7 do not have remarkable changes in the chemical struc-
ture, pronounced effects on the mesogenic behavior occur owing to the strengths
and directions of the dipole monents originated from the different nitrogen posi-
tions in the heterocyclic rigid cores. Importantly, increasing dipole moments by
oxidation of the stilbazoles to the analogous N-oxides induces the S, phase and
also enhances the interdigitated bilayer packing. Moreover, the positonal effects
of the N-oxides on mesogenic properties are more distinct than those of analo-
gous stilbazoles, and new mesogenic phases have formed by tuning the position
of the N-oxide function in the heterocycles. In addition to the generation of new
mesogenic phases, changing the direction of the dipole moments in N-oxides
from the para-direction to the meta-direction may also reduce the phase transi-
tion temperatures at the expense of the ranges of the mesogenic phases. How-
ever, mesogenic phases are not favored in both 2’-stilbazoles and their
corresponding N-oxides. This phenomenon may be due that Tt electron polariza-
bilities were reduced by the molecular twist originated from dipoles. Overall,
modifying molecules with different dipolar strengths and directions may have
diversified shapes and sizes of the molecular architecture and, we believe, it will
result in the interesting and different liquid crystalline behavior.
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