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Abstract. Four new series of salicylaldazineand salicylaldimine&—-4 were prepared,
characterized and their mesomorphic properties steidied. The structures of all compounds
were identified and confirmed by spectroscopic méphes such aH, *C-NMR, MS and
elemental analysis. Three single crystallograptriecsures of compoundsa (n = 3, 6) and®

(n = 3) were determined by-Xay analysis in order to correlate the molecularcstires with

the formation of mesophases. Crystallographic ohatigated that the better mesomorphic
properties might be controlled by €H, T—mtor/and H-bonds in such system. Except for
crystalline compound4, all other compounds-3 showed mesomorphic behavior of nematic,
smectic A or/and smectic C phases, which were cheniaed by differential scanning
calorimetry, optical polarizing microscope andrXy diffraction experiments. All compounds

1-4 showed yellowgreen photoluminescence in THF occurred at529 nm.
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1.0 Introduction

The demeric liquid crystals have been extensivehgstigated since the first example
reported on 1927. In general, the structures okdicrL.Cs constituted two mesogenic
moieties linked via a flexible spacer or a rigideedviesogenic structures linked by a flexible
spacer such as alkyls@H,-), esters{COOCHOOC-) and ethers{OCH,O-) are often
called twin liquid crystals or liquid crystal dingerThese dimers were particularly of
appealing because of their unique thermal beharidrstructural features as model
compounds similar to polymeric liquid crystals. $e&eompounds are also known as
bimesogens. The molecular conformations and megunwbehavior were quite differential
from classical (or monomeric) mesogens. On therdthed, their mesomorphic properties
were significantly influenced by the spacer lengpid also the linking group. This type of
molecules is often made by linking either two ideadtor nor-identifical moieties through a
flexible central spacer. Numerous examplefsDLCs were reported. Three types of layered
smectic phases; monolayer, interdigitated or irl@tedconformations were proposed
depending on their spacing and/or molecular ler@ttapeeffect caused by odd or even
carbon atoms incorporated in the spacer was oftearged. Among them, salicylaldehydes
are probably one of the core structures utilizednttost to generate the mesogenic materials,
including symmetric and asymmetric structures dytive past decades. A variety of novel
metallomesogerislerived from salicylaldehydes or their Schiff bmsésalicyladimines were
reported. Numerous salicyladimifteased dimeric LCsawvere prepared, and most of
mesogenic dimeric LCs have a flexible central spatewever, known exampl&sf similar
mesogenic structures with a more rigid spacer wedegively rare.

In contrast, salicylaldazines {R.C=N-N=CRRy), similar to salicylaldimines
(RiR,C=N-R-N=C R;R,) can be prepared by the condensation reactmfrsalicylaldes with
hydrazine. It has been used as precufSarssynthesize hydrazones,l)RC-NNH,)'°, diazo
(R:R,C=N,) and heterocyclic compourtdsin alicyclic chemistry, azines are compounds

resulting from the reactions of two identical offelient carbonyl compounds with hydrazine.
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Azines that are NN linked diimines are 2;3liaza analogs of 1;®utadiene. An azine moiety
formed by two imine bonds can be considered ag peleeptor oriented in opposite
directions™® Azines are two conjugated double-bond structtnei)ar to 1,3-dienes,
1,2-diimines, 1,2diones. However, extensive-Kay analyses about the-N and Ar-C

bonds showed no evideridef conjugation, and in fact the azine unit is arfjcmation
stopper”. Asymmetric azines appended with donoraugptor moieties incorporated on the
terminal backbone showed novel organic non lingtical (NLO) materials? A few similar

example®’ of mesogenic azines (suchlasb) have been reported and studied.

R2
N—N N—N N
R3

la: R = OMe, R? = H, Me, Ib
R® = H, Me, R* = CN, NO,

In order to understand the core effect on the foionaf mesophases in azines and more
rigid diimines, in this work, we describe the syegls, characterization, and the mesomorphic
properties of four series of compouridg! derived from salicylaldehydes. An extended
conjugated structure by incorporation of phenylenbiphenylene was also studied in
compound-4. All compoundsl-3 were mesogenic, giving nematic, smectic A or sinéct
phases, whereas, compouddsere crystals. Three single crystals were invagtg to
understand the possible correlation of mesomorapema structures. The structural analysis
appeared that a better core planarity was formadtbgmolecular Hbonds in this type of
compounds. On the other hand, a good layered amaagts enhanced log1tintermolecular
interactions also facilitated the formation of maaisases. Most of known mesogenic dimeric
LCs have a flexible central spacer. However, exampf similar mesogenic structures with a

more rigid spacer were relatively rare.



2.0 Results and Discussion
2.1 Synthesis and characterization

The synthetic procedures for all the compoundsanmemarized in scheme 1-Alkoxy—
salicylaldehyde was alkylated by controlling theibay and equivalent of alkyl bromides.
The compound4-4 were carried out by double imination of alkylatedicylaldehydes and
diamines with EtOH/THF as solvents. The compoulxgbwere isolated as yellow to orange
powder, depending on the spacers and yields weheirange 3378%. Most derivatives
were characterized b1 and**C NMR spectroscopy, elemental analysis and mass
spectrometry. However, for some derivatives withoar solubility in organic solvents to
perform NMR spectroscopy, mass spectrometry anmdeziéal analysis data were obtained.
On'H NMR spectra, a characteristic broad peak oftgreaped ab 6.53-8.56 and
11.1111.71 ppm assigned for imine—CHN and pherd@El was observed for compountis
In contrast, this phenok®©H was slightly shifted td 13.81 ppm. These characteristic peaks

were also slightly shifted to upfield, as summatize Table 1.

Table 1. The characteristic chemical péaks'H-NMR spectroscopes for compourtist.

Compds la 1b 2 3 4

-C=NH 8.53-8.56 13.81 8.538.54 8.878.90 8.948.97
—OH (phenolic) 11.14#11.71 - - 9.92-9.99 9.789.85
—OH (phenolic) - - 13.64-13.70 14.51 14.4014.44

% 1b measured in DMS@Us and1a, 24 measured in CDGlunit @) in ppm.
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Scheme 1. Reactions and reagents: (a) RBr (1.1 eq.) , KHCO; (1.5 eq.), Kl, refluxed in
acetone, 24 h, 41%; (b) | , (cat.), hydrazine monohydrate, p-phenylenediamine, 4.4'-
diaminobiphenyl-3,3'-diol, or 3,3'-diaminobiphenyl- 4.,4'-diol, stirred at rt.

2.2 Single crystals and molecular structures of copounds 1a (n =3, 6) and 2 (n = 3)

In order to understand the possible correlatiomwbeh the molecular arrangements and
their mesomorphic behavior, three single crystatompoundla(n = 3, 6) an® (n = 3)
suitable for crystallographic analysis were obtdibg slow diffusion from THF/EtOH at
room temperature and their structures resolvedirgig shows their molecular structures.
Table 2 lists their crystallographic and structuedinement data for the crystals. They
crystallize in a monoclinic space P2(1)/c for commpadla (n = 3) and a triclinic space group
P-1 for compound$a (n = 6) and (n = 3). All three crystals were considered agtgly
linear-shaped with a molecular length of 22.38 A (€10), 28.78 A (C20-C26) and 24.12 A

(C26-C26’), required for the formation of nematicsmectic phases.



Fig. 1 Three ORTEP plots and molecular lengths for ctygdia(n = 3),1a(n = 6) and® (n =

3). The thermal ellipsoids of the nemydrogen atoms are drawn at the 50% probabilitgllev

Table 2 Crystal data and structure refinementsifafn = 3, 6) an@® (n = 3).

Compd. la(n =3) la(n =6) 2(n=23)
Empirical formula GoH1oNO, CoeH36N204 CoeH28N204
Formula weight 178.21 440.57 432.50
Temperature (K) 296(2) 150(2) 150(2)
Crystal system Monoclinic Triclinic Triclinic
Space group P2(1)/c P-1 P-1

a(Ah) 8.8100(5) 7.7266(2) 6.3422(7)
b(A) 10.8004(6) 11.0341(3) 7.0827(8)
c(A) 9.9027(5) 15.2879(5) 24.585(3)
a(®) 90 102.594(2) 83.588(2)

B(°) 98.807(3) 101.332(2) 82.952(2)

7(®) 90 100.517(2) 88.981(2)
Volume (&), Z 931.15(9), 4 1212.14(6), 2 1089.2(2), 2
Density (calculated, Mg/f) 1.271 1.207 1.319

Crystal size (mr) 0.4x0.1875x0.05  0.60x0.18x0.12  0.38x0.36x0.05
0 range for data collectioh(  2.34-28.46 1.41-27.50 0.8425.00
Reflections collected 8517 20213 10296

Final R1, wR2 0.0415, 0.1023 0.0534, 0.1312  0.0861146

As expected, intramoleculartdonds were all observed in the crystal latticesafbthree
crystals shown in Figure 2. Each crystal has tv@amolecular Hbonds; they are relatively

strong and their bond lengths ranged frvm 1.848-1.936 A, summarized in Table 3.



However, there was no intermoleculatbi$énd observed in all three crystals. A dihedrall@ang
of ca~ 0° and~ 5.74° between the two phenyl rings was observed foryatalsla(n =3

and n = 6), respectively. In contrast, a largeedial angle of 47.8° in crystal2 (n = 3) was
observed. A better planar structure and an extenu®eécular shape are often responsible for
a good packing in solid and/or liquid crystal stéteaddition, intermolecular interactions of
o—7 Or t—= interactions were also observed in these crysals their distances ranged from
2.65-4.15 A, listed in Table 4. These intermoleculacés apparently facilitated the formation
of mesophases in this type of compounds. All mdescarranged in a style of layered
structure. The molecular arrangements of thregas/s crystal lattices are shown in Figure

3.
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Fig. 2 Intramolecular Hbonds and intermolecular interactioms% and/or CHx) observed
in compoundda (n = 3, top plot)1la(n = 6, middle plot) an@ (n = 3, bottom plot). Bond

distances are in red figures)(



Table 3 Intramolecular Hbonds observed iha (n'= 3, 6) an® (n = 3).

Compds. no. H-bonds bond distance/A angles/
(O-H...N)
1(n=3) 2 NEFH2A = 1.94 ZN1-H2A-02 = 144.36
1(n=6) 2 NEH1=1.88 ZN1-H1-01 = 146.18
N2-H2 =1.91 ZN1-H2-02 = 146.76
2(n=23) 2 N2H3A = 1.85 ~N2-H3A-03 = 147.56

Table 4. Intermolecular interactions observedla(n = 3, 6) an® (n = 3).

Compds. no.of c—m or distanc®#A angles
n—7 interactions
1(n=23) 4 ring-H2A = 2.87 Zring-H2A-C9 =145.78
1(n=6) 2 (Ar...Ar) ring-ring = 4.15 Zring-H1A-C1 =128.29
2(n=23) 2 (ArH...Ar) ring—-H1A= 2.89 2 ring-H1A-C1 =128.29
2 (Ar-H...Ar) ring—H20= 2.92 2 ring-H20-C20 =128.29
2 (Ar-H...Ar) ring—H23= 2.65 ~ring-H23-C23 =133.80

% measured from the center of ring to the atom.
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Fig. 3 Layer structures of compouda (n = 3, left),1a(n = 6, middle) an@ (n = 3, right)
along a axis.

2.3 Mesomorphic properties of compound 1-4
The thermal behavior of compountts4 was investigated by polarized optical microscopy

(POM) and differential scanning calorimetry (DSThe transition temperatures and



enthalpies of the compounds are listed in Tablexéept for compound4, all other
compoundd-3 are mesogenic. All compounda exhibited kinetically stable enantiotropic
behavior, giving smectic C phase at lower tempeeator/and nematic at higher temperatures.
Both melting and clearing temperatures decreasttdoarbon lengths of alkoxy chains. The
melting temperatures were ranged betwegsidg= 173.7 (n = 3)- 107.8°C (n = 10), while
clearing temperatures were ranged between I83.7°C (n = 3)- 147.6°C (n = 16). On the
other hands, the temperature ranges of mesophasased afTy = 23.2 (h = 3) — 68.8C

(n = 8) during the cooling process. Under opticalroscope, compoundsa exhibited
fan—shaped or focaktonics textures at lower temperatures and Schliiendnares at higher
temperatures (Fig. 4). These optical textures whasacteristic of a SmC phase or N phases,
expected for the rodike molecules. Under optical microscope, the texiof SmC phase
showed no homeotropic domains.

In order to understand the effect of core planatythe formation of the mesophases,
two compounddb (n = 3, 6) incorporated with a methyl group bontethe imine moiety
(—-C=NH) were prepared and their mesomorphic behaviompared with compoundsa. The
geometry of methyl group is relatively bulkier tdtedron. The bulkier methyl moiety, when
close to the core center, will reduce the molecul@ractions between the neighboring layers.
Thus, a lower clearing temperature was often oleser@ompoundtb (n = 3, 12) exhibited
SmC/SmA or N phase, however, compouhdgn = 3, 12) formed SmC or N phase.
Interestingly, the data indicated that the cleatergperatures of both derivatité (n = 3, 6)
were slightly higher than those of compouddgn = 3, 12) byca. AT =31.3 (n =3) and 13.1
°C (n = 12), respectively. On the other hand, tinepierature of mesophases for derivatibe
(n = 3) was much wider than that of derivathae(n = 3),ATmeso= 103.6 > 23.2C. In
contrast, other derivativieb (n = 12) had a narrower temperature range tharotia (n =
12),ATmeso= 45.0 < 50.2C. Apparently, the derivativeb (n = 3) has a better aspect ratio (d/l)
of molecules, required to be improved mesogenstriahedral methyl moiety, not near by the

core might exert little effect on the formationmoésophases.
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When a phenylene group in compou@dsas incorporated as a core group, the
mesomorphic behavior was apparently altered. Tieaylane group was structurally
considered as a more rigid and more planar maety,potentiait-Ttinteractions might be
better induced. Indeed, the mesomorphic propentes greatly improved. Both melting and
clearing temperatures of compouritdwas raised; the clearing temperatures were hitpiaer
those of compoundka by AT = 103.5 (n = 3) > 99.6 (n = 8) > 873 (n = 14). In contrast,
the melting temperatures of compour2dsere higher bATmeiting= 9.10 (n = 8) > 4.30 (n = 3)
> 1.00 (n = 14¥C, thus giving a much wider temperature range dfapbases b&T neso=
136.1 (n = 3>184.9°C (n = 8). The stronger—r or n—= interactions between the neighboring
phenylene groups within the layers might be atteduo the improved mesophases. This is
quite consistent with the single crystalline crilstgraphic data, discussed later. Optical

textures observed under POM also confirmed the pheses.
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Table 5. Phase transitions 2 and enthalpies of compounds 1-4.

la n=3 o 173.7 (50.6) N 183.7 (0.72) |
159.2 (53.1) 182.4 (0.87)
130.9 (38.5) 160.1 (2.15) 175.0 (1.82)
6 Cr SmC N I
112.2 (36.6) 157.0 (1.88) 174.3 (1.64)
111.6 (43.2) 169.1 (9.09) 169.2P
8 Crq SmC N |
93.1(6.27) Cr2  98.0(36.4) 165.9 (7.35) 166.8 (2.03)
51.8 (1.74 73.4 (3.28 107.8 (38.8 165.4 (10.2
10 cr t.74) cr, (3:28) Crs (38.8) sme (10.2) |
45.3 (5.88) 99.4 (39.8) 161.0 (9.01)
58.4 (10.3) 111.9 (50.6) 158.9 (12.6)
12 Crq Cry SmC |
61.4 (9.08) 107.4 (51.8) 157.6 (11.9)
75.1 (5.20) 112.6 (55.6) 149.4 (11.8)
14 Cry Crs SmC I
66.7 (2.05) Cra  82.1(4.24) 107.4 (55.4) 148.0 (10.4)
116.3 (72.9) 147.6 (14.8)
16 Cr o sSmC I
95.8 (3.37) 2 112.2(72.4) 145.9 (14.6)
b
1bn=3 o 111.9 (50.6) N 215.0 |
107.4 (51.8) 211.0 (0.80)
138.4 (43.2 163.2 (0.59 172.0 (11.6
12 cr (43.2) sme (0.59) - (11.6) |
125.2 (43.8) 162.8 (0.35) 170.2 (11.1)
178.0 (28.2) 287.2 (1.19)
2;n=3 Cr SmA |
133.7 (23.5) 269.8 (0.53)
120.7 (31.3) 254.8 (2.51) 268.8 (5.95)
8 Cr SmC SmA |
76.0 (27.1) 250.9° 260.9 (5.69)
103.9 (39.7) 113.6 (52.9) 236.7 (12.7)
14 Cr Cr SmC |
1 2
91.5 (41.7) 98.5 (51.5) 234.0 (12.4)
343.6 .
3;n=3 Cr N 3498 lg
3325 348.1
8 Cr SmA Iy
310.9 323.9
14 Cr SmA lg
300.4 (74.9)
4n=3 or — Iy
297.4 (98.4)
8 ——5> g
284.2 (96.9)
14 Cr ——— g

a: nis the carbon number of alkoxy groups. Cr 4, Cr,, Cr3 = crystal, SmC = smectic C, SmA = smectic A,
nematic = N, | = isotropic phase and | 4 = isotropic phase with a decomposition ata scanra  te of 10 °Cmin~*
b: observed by POM.



Fig. 4 Optical textures observed. SmC phase at’C6@op left) byla(n = 8), SmC phase at
154C (top right) byla (n = 10), N phase at 366 (bottom left) by2 (n = 3) and SmA phase

at 262°C (bottom right) by2 (n = 8).

1b,n=3
12 uCr
2.n= mSmC
1 B SmA
3n= N

-
=]
-

—_

0 100 200 300 400
Temperature (°C)

Fig. 5Bar graphs showing the phase behavior of compolrdisAll temperatures were taken

from cooling process.
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To further test the structural effect on tharfation of the mesophases, compouddsd
4 were also prepared and studied. A biphenylene withhydroxyl groups substituted at 3,
3’'—and 4, 4-position was incorporated to generate the compo8ruagl4, respectively.
H-bonds might be also induced between the neighbtayeys if all molecules were correctly
supplementary. All compound@swere truly mesogenic, whereas, all compouhdsere not
mesogenic. The results were in fact not surprist@npounds were more lineailike and
more rod in shapes, while compourddsere more lathlike or more ellipsoid (See Fig..6)
Both compound8-4 were not all thermally stable, and partial decosipans on heating
above their clearing temperatures were observeelr@$ults showed that all compourds
= 3, 8, 14) formed N or SmA phase, however, all poumds4 exhibited crystalline phases.
All clearing temperatures of compouriglgrere ranged in 323:349.8°C, all much higher
than those of compouritch and2 due to their more rigid structures and/or largetenules.
The temperature ranges of mesophases were rejasiveit AT = 6.2 (n = 3) < 13.0 (n = 14)
< 15.6°C (n = 8) on the heating process. Compouhd®re all crystalline solids, and a
transition temperature of crystéb—isotropic states at T = 300.4 (n = 3) > 297.4 @) >

284.2°C (n = 14) were only observed.

OH
HO - HO
RO N HO \ o
N Q O Ny RO
& )
OH OH
3 [ 4

Fig. 6 Schematic representation of molecular shaped thwoonds3 and4.

The thermal stability of compounds, and2-4 (n = 8) was also performed by
thermogravimetric analyses (TGA) under nitrogencsphere, shown in Fig. 7. All four
compounds showed relatively good thermal stalditiemperature below ca. 2980, with a
relative thermal stability afa> 2 > 3~ 4. The decomposition temperatures for a 5% weight

loss were listed in Table 6. Surprisingly, the daposition temperature dlaand2 was
14



slightly higher than that &-4 by ca. AT = 30°C, which is not consistent with the DSC data
of these two compounds. Compoutaland? has a flexible alkyl spacer, in contrast,
compounds$—4 have a more rigid phenyl or biphenyl spacer. Tliearing temperature of
compounds was decreasing at3348.1 8, n = 8) >297.44, n=8) >268.84, n=8) >

169.2 (La, n = 8)°C.

__ 100]

S

=~ 80

e

2

g 604

@ 40

o

% 20-

n

0 ‘ ‘ ‘

200 400 600
TemperaturéC)

Fig. 7 The TGA thermographs of compountsand2-4 (all n = 8) under nitrogen gas at a

heating rate of 10.0Cmin*

Table 6. The decomposition temperatiite$ compoundd-4 by TGA analysis.

Compds Taec(C)
la(n =8) 326.3
2(n=8) 325.1
3(n=8) 295.0
4(n=8) 295.0

% Temperatures taken with a 5% weight loss.

2.4 Powder X-ray diffraction of compounds 1-2
Variable-temperature powder-ay diffraction experiments were conducted to aomfi
the structure of the mesophases of compodads = 12) and (n = 8). The Xray diffraction

plots of both compounds are present in Figure @isftlayed a typical diffraction pattern with

15



one strong peak at low angle region followed byemkvpeak and a broad peak at wider angle.
These are characteristic of layered arrangemersn®@ phases with-gpacing ratio of 1 and
1/2, corresponding to Miller indices; 100 and 2@3pectively. For example, a diffraction
pattern at 140C with d-spacing at 34.23 A, 17.09 A and a broad diffuseakige 4.62 A) at
wide—-angle region was observed for compotadn = 12) and this diffraction pattern
corresponded to a SmC phase. Thepdicing of 34.23 A was slightly smaller than 43206
which was obtained from calculated molecular lerptiMM2 model. This might indicate

that the molecules were tilted and/or the siderchaiere interdigitated. The broad peak
observed at about 4.62 A was assigned to the msidienchains. Similarly, the two powder
X-ray diffractions of compounds(n = 8) at 140C and 257C was shown in Figure 8. In
smectic C phase at 14GQ, it showed one strong peak at 32.85 A and a nusztker peak at
16.35 A. These two diffraction peaks corresponaeMitler indices 100 and 200. However, in
smectic A phase at higher temperature of 257t showed only one strong peak at 37.30 A.
The diffraction intensity at SmA phase was muchkeedhan that at SmC phase. Two halo

peaks were also observedt.54 and 4.81 A.

16
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Fig. 8 The powder Xray diffraction plots of SmC by compoudd (n = 12, top plot) at 140

°C SmC by2 (n = 8, middle plot) at 140C and SmA by (n = 8, bottom plot) at 257C.
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2.5 Optical properties

The UV-vis absorption and PL spectra of the comdstr4 (all n = 8) measured in
THF solution at room temperature are presentedgare 9. Thé\nax peaks of UV-vis
absorption and th®., of PL spectra were listed in Table 7. The tworsgrabsorptionmax
peaks of compounds-4 occurred ata. 283-305 and 352390 nm, which were attributed to
n—-n* andn—n* transitions arising fronsalicylaldehyde moiety. The absorption peaks
increased with an extended core conjugation intceddrom compound to compound.
Compound3 has a largest absorption of 390 nm due to itsdmghcore. In contrast, the
absorptions of compountidecreased to 352 due to its mgtasition. The PL spectra of all
compoundd—-4 were quite similar, showing one intense and bmeak occurred atey,=
519-521 nm. Interestingly, an extended conjugated lemgtompound2-3 showed no
apparent reeshift emission compared to compourdds This was probably due to the poor
coplanarity of the molecules in the crystal packireglucing the effect of aggregation induced
red-shift. In fact, this result was quite consistentiwgingle crystallographic data obtained in
crystal2 (n = 3); a twisting angle of47.8 between the central phenyl ring and
salicylaldimine was observed. A relatively weak ssion was obtained for compouridst
which be attributed to a possible proton trartéfieetween the imine moiety and neighboring

phenolic-OH.
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——1(n=38)
—2(n=28)
3(n=28)
4 (n=8)

Normalized Absorbance

300 400 500 600 700
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Fig. 9 Absorption (top) and PL (bottom) spectra of compmafi-4 measured in THF at room
temperature.

Table 7. The UV-vis absorptions and Peemissionsof compound4-4.

Compd. absorption/nn emisSiARax/NM
la(n=8) 305, 370 520.9
2(n=28) 284, 380 519.8
3(n=8) 283, 390 520.8
4(n=8) 288, 352 518.9

2 all measured in THF solution (1.0X1M) at rt.

3. Conclusions

Four new series of salicylaldazinesnd salicylaldimine8-4 were prepared,
characterized and their mesomorphic propertiesedudll compound4-3 showed
mesomorphic behavior of nematic, smectic A or/anécic C phases and exhibited relatively

good thermal stability on TGA. Crystallographicaatdicated that the mesomorphic
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properties were greatly improved by €r 1t or/and H-bonds in such system. All
compoundd—-4 showed yellowgreen photoluminescence in THF occurred at523 nm.
An extended core—conjugated structure in compourigl showed no regshift
photoluminescence due to their ropplanar core planes. Their possible metallomesogen

will be explored in the future.

4.0 Experimental Section
4.1 General materials and methods

All chemicals and solvents were reagent grade #ddrich Chemical Co., and solvents
were dried by standard techniqués.and**C NMR spectra were measured on a Bruker
DRS-300. DSC thermographs were carried out on a Mdt&-822 and calibrated with a
pure indium sample. All phase transitions are aeit@ed by a scan rate of 10.G/min.
Optical polarized microscopy was carried out orsZdixioplan 2 equipped with a hot stage
system of Mettler FP90/FP82HT. The bWs absorption and fluorescence spectra were
obtained using a Jasco-%¥30 and Hitachi F4500 spectrometer. Elemental analyses were
performed on a Heraeus CH-Rapid elemental analyzer. The powder diffractiotadeere
collected from the WiggletA beam line of the National Synchrotron RadiatiagsBarch
Center (NSRRC) with a wavelength of 1.3223 A. Thevger samples were charged in
Lindemann capillary tubes (80 mm long and 0.01 rhitk) from Charles Supper Co. with an
inner diameter of 1.0 mm.
4.2 3, 3'-Dinitrobiphenyl-4, 4'-diol
To a solution of biphenyl-4,4'-diol (9.3 g, 0.05 Iindissolved in 70 mL of dichloromethane,
70% HNG (9.9 g, 0.11 mol) was slowly added. The mixture Wweyst at °C and stirred for 3
h. The solids were filtered, and washed severad tiith saturated agqueous solution of
NaHCGQ;. The products isolated as pale yellow solids Waained after recrystallization from
acetone. Yield 53%4H NMR (300 MHz, DMSG-dg): & 7.20 (d,J = 4.4 Hz, A-H, 2H), 7.87

(d,J = 4.3 Hz, AFH, 2H), 8.15 (dJ = 1.2 Hz, AFH, 2H), 11.12 (s, A*OH, 2H).'3C NMR
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(75 MHz, DMSG-dg): 6 119.82, 122.59, 129.29, 132.94, 137.51, 151.45.

4.3 3, 3'-Diaminobiphenyl-4, 4'-diol

A solution of 3, 3'-dinitrobiphenyl-4,4'-diol (3} 11 mmol), hydrazine monohydrate (9.0 mL,
0.18 mol) and Pd/C (0.3 g) dissolved in 25 mL cdalbte ethanol was stirred for 4 h. The
crude products were filtered. The solids were diesbin hot DMF and then was filtered
through fresh Celite. The filtrate was poured iobtd water and the precipitates were filtered.
The product isolated as gray powders was obtaiftedracrystallization from acetone. Yield
85%.'H NMR (300 MHz, DMSG-dg): & 4.46 (bs~NH,, 4H), 6.52 (d,) = 4.05 Hz, ArH,

2H), 6.63 (d,J = 4.05 Hz, AFH, 2H), 6.74 (s, ArH, 2H), 8.88 (bs, AfOH, 2H).*C NMR

(75 MHz, DMSG-dg): 6 112.36, 114.18, 114.51, 132.82, 136.53, 142.90.

4.4 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(métan-1-yl-1-ylidene)bis(3-propoxy
phenol) 1a (n=3

A solution of 2-hydroxy-4-propoxybenzaldehyde (8,%.6 mmol), hydrazine
dihydrochloride (1.14 g, 11 mmol), catalytic amoohsolids } disolved in 30 mL of dry
DMSO was stirred for 30 mins. The solution was theared into ice water then the crude
products were filtered. The light brown solid wasged through a short column of silica gel.
The products isolated as pale yellow solids waainbt after crystallization from
THF/Ethanol. Yield: 51%H NMR (300 MHz, CDC}): § 1.02 (t,J = 7.5 Hz,—~CHjs, 6H),
1.76-1.83 (M,—~CH,, 4H), 3.93 (tJ = 6.3 Hz,~OCHy, 4H), 6.48 (d,) = 1.65 Hz, ArH, 2H),
6.51 (s, ArH, 2H), 7.20 (d,J = 4.05 Hz, ArH, 2H), 8.55 (s-CHN, 2H).**C NMR (75 MHz,
CDCls): 6 10.44, 22.38, 69.74, 101.62, 108.03, 110.74, 133.61.79, 162.55, 163.61. Anal.
Calcd. for GoH24N204: C, 67.40; H, 6.79; N, 7.86. Found: C, 67.21; 836 N, 7.83. MS
(LRFAB): M* (m/z) = 356.34.

4.4.1 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(ethan-1-yl-1-ylidene)bis(3-hexoxy
phenol) 1a (n = 6)

Pale yellow solids, yield 63%H NMR (300 MHz, CDCJ): § 0.91 (t,J = 4.2 Hz,~CHs, 6H),

1.29-1.48 (M,~CHy, 12H), 1.7+1.80 (m,~CHy, 4H), 3.96 (tJ = 6.6 Hz,~OCH,, 4H), 6.47
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(d, J= 3 Hz, ArH, 2H), 6.49 (s, AfH, 2H), 7.17 (d,J = 8.6 Hz, ArH, 2H), 8.53 (S-CHN,
2H) , 11.36 (bs, AfOH, 2H).**C NMR (75 MHz, CDC})): & 14.00, 22.56, 25.62, 29.00,
31.51, 68.26, 101.61, 107.95, 110.80, 133.43, B51.62.58, 163.51. MS (LRFAB): Mm/z)
= 440.42. Anal. Calcd. for £H3eN204: C, 70.88; H, 8.24; N, 6.36. Found: C, 70.93; 1263
N, 6.27.

4.4.2 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(ethan-1-yl-1-ylidene)bis(3-octyloxy
phenol) 1a (n = 8)

Pale yellow solids, yield 59%H NMR (300 MHz, CDCJ): § 0.87 (t,J = 6.9 Hz,~CHs, 6H),
1.27-1.43 (m,~CH,, 20H), 1.741.79 (m,~CH,, 4H), 3.96 (t] = 6.6 Hz,~OCH,, 4H), 6.47
(m, Hz, Ar-H, 2H), 6.50 (s, AtH, 2H), 7.20 (d,J = 7.8 Hz, Ar-H, 2H), 8.55 (s-CHN, 2H) ,
11.11 (bs, ArOH, 2H).130 NMR (75 MHz, CDC}): 14.08, 22.63, 25.96, 29.04, 29.20, 29.30,
31.78, 68.32, 101.64, 108.08, 110.71, 133.53, B31.682.51, 163.68. MS (LRFAB): Mm/z)
= 496.56. Anal. Calcd. for4gH44N204. C, 72.55; H, 8.93; N, 5.64. Found: C, 72.18; 1928.
N, 5.54.

4.4.3 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(ethan-1-yl-1-ylidene)bis(3-decyloxy
phenol) 1a (n = 10)

Pale yellow solids, yield 66%H NMR (300 MHz, CDCY): 5 0.88 (t,J = 6 Hz,—~CHs, 6H),
1.26-1.43 (M,~CH,, 28H), 1.741.83(m,~CH,, 4H), 3.97 (tJ = 6.6 Hz,~OCH,, 4H), 6.48
(m, Hz, Ar-H, 2H), 6.52 (s, AfH, 2H), 7.21 (d,]J = 8.1 Hz, Ar-H, 2H), 8.56 (5-CHN, 2H) ,
11.46 (bs, ArOH, 2H).*3C NMR (75 MHz, CDCJ): § 14.0, 22.67, 25.96, 29.04, 29.30, 29.54,
31.88, 68.37, 101.67, 108.20, 110.60, 133.60, P51.62,38, 163.87. MS (LRFAB): Mm/z)
= 552.57. Anal. Calcd. for£Hs:NOq4: C, 73.87; H, 9.48; N, 5.07. Found: C, 73.51; 499
N, 4.99.

4.4.4 6, 6'-(1E,1'E)-hydrazine-1, 2-diylidenebis(ntean-1-yl-1-ylidene)bis(3-dodecyloxy
phenol) 1a (n = 12)

Pale yellow solids, yield 57%H NMR (300 MHz, CDCJ): § 0.87 (t,J = 6.9 Hz,~CHs, 6H),

1.25-1.43 (M,~CHy, 36H), 1.741.79 (m,~CHy, 4H), 3.96 (tJ = 6.6 Hz,~OCH,, 4H), 6.47
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(d,J= 2.4 Hz, ArH, 2H), 6.50 (s, AfH, 2H), 7.18 (dJ = 9 Hz, A-H, 2H), 8.54 (S-CHN,
2H), 11.46 (bs, ArOH, 2H).*C NMR (75 MHz, CDCJ): § 14.11, 22.68, 25.96, 29.05, 29.34,
29.58, 29.63, 31.91, 68.29, 101.62, 108.00, 114.38.46, 161.77, 162.58, 163.57. MS
(LRFAB): M* (m/z) = 608.60. Anal. Calcd. forsgHsoN.O4: C, 74.96; H, 9.93; N, 4.60. Found:
C, 75.07; H, 10.12; N, 4.28.

4.4.5 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebis(ethan-1-yl-1-ylidene)bis(3-tetra
decyloxyphenol) 1a (n = 14)

Pale yellow solids, yield 61%H NMR (300 MHz, CDCJ): § 0.86 (t,J = 6.9 Hz,~CHs, 6H),
1.24-1.43 (m,~CH,, 44H), 1.731.82 (m,~CH,, 4H), 3.97 (t] = 6.6 Hz,~OCH,, 4H), 6.48
(d,J= 3.6 Hz, ArH, 2H), 6.50 (s, ArH, 2H), 7.18 (d,) = 9.3 Hz, Ar-H, 2H), 8.55 (s-CHN,
2H), 11.71 (bs, AfOH, 2H).3C NMR (75 MHz, CDCY): § 14.12, 22.69, 25.97, 29.05, 29.35,
29.58, 29.66, 31.92, 68.38, 101.67, 108.23, 11A.89,61 161.94, 162.35, 163.91. MS
(LRFAB): M™ (m/z) = 664.68. Anal. Calcd. fory@HsN>Os: C, 75.86; H, 10.31; N, 4.21.
Found: C, 74.37; H, 10.31; N, 3.96.

4.4.6. 6, 6'-(1E, 1'E)-hydrazine-1, 2-diylidenebisfethan-1-yl-1-ylidene)bis(3-hexa
decyloxyphenol) 1a (n = 16)

Pale yellow solids, yield 629%H NMR (300 MHz, CDCJ): § 0.86 (t,J = 6.6 Hz,~CHs, 6H),
1.24-1.43 (M,~CH,, 52H), 1.73-1.79 (m-CH,, 4H), 3.97 (tJ = 6.6 Hz,~OCH,, 4H), 6.48

(m, Hz, Ar-H, 2H), 6.51 (s, AfH, 2H), 7.20 (d,] = 8.4 Hz, Ar-H, 2H), 8.55 (si-CHN, 2H).

3¢ NMR (75 MHz, CDCJ): 6 14.11, 22.68, 25.96, 29.04, 29.35, 29.55, 29.6 923 68.34,
101.67, 108.08, 110.76, 133.54, 161.84, 162.58,60631S (LRFAB): M (m/z) = 720.87.
Anal. Calcd. for GgH7z6N204: C, 76.62; H, 10.62; N, 3.88. Found: C, 76.52181.65; N, 3.89.
4.5. 6, 6'-(1E, 1'E)-1, 1'-(hydrazine-1, 2-diylidee)bis(ethan-1-yl-1-ylidene)bis(3-propoxy
phenol) 1b (n = 3)

Pale yellow solids, yield 64%H NMR (300 MHz, DMSG-dg): & 1.03 (t,J= 7.5 Hz,~CHj,

6H), 1.75-1.87 (m,~CH,, 4H), 2.50 (5-CHs, 6H), 3.94 (tJ = 6.6 Hz,~OCH,, 4H),

6.45-6.49 (M, ArH, 4H), 7.50 (dJ) = 9.3 Hz, ArH, 2H), 13.81 (s, AFOH, 2H).**C NMR
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(75 MHz, DMSG-dg): 6 10.46, 14.62, 22.42, 69.60, 101.96, 107.14, 112.80.05, 162.75,
162.83, 166.80.

45.1. 6,6'-(1E,1'E)-1,1'-(hydrazine-1,2-diylidendjs(ethan-1-yl-1-ylidene)bis(3-
(dodecyloxy)phenol) 1b (n = 12)

Pale yellow solids, yield 63%H NMR (300 MHz, DMSG-dg): 5 0.86 (t,J = 6.9 Hz,—CHs,
6H), 1.25 (M~CH,, 36H), 1.4%+1.43 (m,—CH,, 4H), 2.66 (51-CHs, 6H), 4.01 (tJ = 8.4 Hz,
~OCHy, 4H), 6.55 (d,) = 8.7 Hz, ArH, 2H), 6.84 (s, ArH, 2H), 7.56 (dJ = 9.9 Hz, AFH,
2H).°C NMR (75 MHz, DMSG-de): & 14.11, 14.62, 22.68, 25.97, 29.07, 29.34, 29.69(
68.15, 101.93, 107.16, 112.50, 130.05, 162.74,84621.66.79.

4.6. 6, 6'-(1E, 1'E)-(1, 4-phenylenebis(azan-1-yhiidene))bis(methan-1-yl-1-ylidene)bis
(3-propoxyphenol)2 (n =3

A solution of 2-hydroxy-4-propoxybenzaldehyde (§,2..0 mmol) and benzene-1,4-diamine
(0.06 g, 0.5 mmol) dissolved in 15 mL of absoluteaeol was stirred for 12 h. After cooling
to room temperature, the crude solids were filtefdéxk products isolated as orangellow
solids were obtained after crystallization fromaetbl/acetone. Yield: 75%H NMR (300
MHz, CDCk): & 1.03 (t,J = 7.2 Hz,~CHs, 6H), 1.78-1.85 (m,~CH,, 4H), 3.96 (tJ = 6.6 Hz,
~OCHy, 4H), 6.46:6.49 (m, ArH, 4H), 7.157.29 (m, ArH, 6H), 8.54 (s-CHN, 2H), 13.70
(s, Ar-OH, 2H).»*C NMR (75 MHz, CDCJ)): § 10.45, 22.42, 69.71, 101.59, 107.68, 113.01,
121.97, 133.50, 146.62, 160.94, 163.67, 163.91(IRFAB): M* (m/z) = 431.40. Anal.
Calcd. for GeH2gN204: C, 72.20; H, 6.53; N, 6.48. Found: C, 72.36; H26 N, 6.24.

4.6.1 6, 6'-(1E, 1'E)-(1, 4-phenylenebis(azan-1-¢hylidene))bis(methan-1-yl-1-ylidene)
bis(3-(octyloxy)phenol) 2 (n = 8)

Orange-yellow solids, yield 76%'H NMR (300 MHz, CDCJ): § 0.87 (t,J = 6.3 Hz,—~CHj,
6H), 1.271.44 (m,~CH,, 20H), 1.741.83 (m,~CH,, 4H), 3.98 (t] = 6.9 Hz,~OCH,, 4H),
6.46-6.49 (M, AF-H, 4H), 7.2%7.29 (m, ArH, 6H), 8.54 (5S-CHN, 2H), 13.70 (s, AfOH,
2H). 3¢ NMR (75 MHz, CDCJ): 6 14.11, 22.67, 26.00, 29.08, 29.23, 29.34, 29.18A

68.33, 101.58, 101.97, 107.82, 112.88, 121.98,533.46.44, 160.91, 163.85, 163.99. MS
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(LRFAB): M™ (m/z) = 571.56. Anal. Calcd. forsgHssN,O4: C, 75.49; H, 8.45: N, 4.89. Found:
C, 75.66; H, 8.75; N, 4.50.

4.6.2. 6, 6'-(1E, 1'E)-(1,4-phenylenebis(azan-1-§kylidene))bis(methan-1-yl-1-ylidene)
bis(3-tetradodecyloxyphenol) 2 (n = 14)

Orange-yellow solids, yield 78%'H NMR (300 MHz, CDCJ): § 0.86 (t,J = 7.2 Hz,—~CHj,
6H), 1.24-1.44 (m,~CH,, 44H), 1.751.78 (m,~CH,, 4H), 3.99 (t] = 6.6 Hz,~OCH,, 4H),
6.46-6.51 (M, AF-H, 4H), 7.2%7.30 (m, ArH, 6H), 8.53 (S-CHN, 2H), 13.64 (s, AfOH,
2H). MS (LRFAB): M" (m/z) = 739.80. Anal. Calcd. fors@17,N,04: C, 77.79; H, 9.79; N,
3.78. Found: C, 77.86; H, 9.86; N, 3.68.

4.7. 4, 4'-Bis((E)-2-hydroxy-4-propoxybenzylideneamo)biphenyl-3, 3'-diol 3 (n =3

A mixture of 2-hydroxy-4-propoxybenzaldehyde (0,2.dl1 mmol), 4,4'-diaminobiphenyl-
3,3-diol (0.12 g, 0.55 mmol) and catalytic amoaht, dissolved in 10 mL of DMSO was
stirred under nitrogen for 24 h. The solution wasaned into ice water then the crude solids
was filtered, washed with methanol. The producttaied as orange solids was obtained after
recrystallization from THF. Yield: 77%H NMR (300 MHz, DMSG-dg): & 0.98 (t,J = 7.5 Hz,
~CHs, 6H), 1.70-1.77 (m+CH,, 4H), 3.97 (tJ = 6.3 Hz,~OCH,, 4H), 6.38 (s, AtH, 2H),
6.47(d,J = 4.35 Hz, ArH, 2H), 7.12 (m, ArH, 4H), 7.45 (d,) = 2.85 Hz, ArH, 4H), 8.90 (s,
—CHN, 2H), 9.92 (bs, AfOH, 2H). MS (LRFAB): M (m/z) = 523.69. Anal. Calcd. for
Cs2H3oN206: C, 71.09; H, 5.97; N, 5.18. Found: C, 69.32; 16N, 4.89.

4.7.1. 4, 4'-Bis((E)-2-hydroxy-4-(octyloxy)benzylidneamino)biphenyl-3, 3'-diol 3 (n = 8)
Orange solids, yield 76%H NMR (300 MHz, DMSG-dg): 6 0.85 (t,J = 6.9 Hz,—CHs, 6H),
1.23-1.45 (m,~CH,, 20H), 1.71 (m~CH,, 4H), 4.00 (tJ = 5.4 Hz,~OCHy, 4H), 6.377.62
(m, Ar-H, 12H), 8.90 (s-CHN, 2H), 9.98 (bs, AfOH, 2H). Anal. Calcd. for GHs,N,Og: C,
74.09; H, 7.70; N, 4.11. Found: C, 73.28; H, 7/863.98.

4.7.2. 4, 4'-Bis((E)-2-hydroxy-4-(tetradecyloxy)berylideneamino)biphenyl-3, 3'-diol

3 (n=14)

Orange solids, yield 75%H NMR (300 MHz, DMSO-g): § 0.85 (t,J = 6.9 Hz,—CHs, 6H),
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1.24 (m,~CH,, 44H), 1.681.72 (m,—~CH,, 4H), 4.02 (tJ = 5.7 Hz,~OCHy, 4H), 6.377.62

(m, Ar-H, 12H), 8.87 (s-CHN, 2H), 9.99 (bs, AtOH, 2H), 14.51 (bs, AOH, 2H). Anal.
Calcd. for G4H76N20g: C, 76.38; H, 9.02; N, 3.30. Found: C, 75.73; 8N, 3.22

4.8. 3, 3'-bis((E)-2-hydroxy-4-propoxybenzylideneamo)biphenyl-4, 4'-diol 4 (n = 3

A mixture of 2-hydroxy-4-propoxybenzaldehyde (0,2dl1 mmol), 3,3'-diaminobiphenyl-
4,4'-diol (0.12 g, 0.55 mmol) and catalytic amoaht, dissolved in 10 mL of DMSO was
stirred under nitrogen for 24 h. The solution wasned into ice water then the crude product
was filtered, washed with acetone to afford yelkmlid. Yield 33%H NMR (300 MHz,
DMSO-dg): 5 0.98 (t,J = 7.2 Hz,—~CHs, 6H), 1.68-1.78 (m,—~CH,, 4H), 3.98 (tJ = 6.6 Hz,
~OCHy, 4H), 6.39 (s, AtH, 2H), 6.48 (d,) = 4.35 Hz, ArH, 4H),7.00 (d,) = 4.2 Hz, ArH,
2H), 7.41 (dJ =4.1 Hz, ArH, 2H), 7.46 (d,) = 4.35 Hz, ArH, 2H), 7.65 (s, AfH, 2H), 8.97
(s,—CHN, 2H), 9.78 (s, ArOH, 2H), 14.40 (s, AfOH, 2H)."*C NMR (75 MHz, DMSO-g):

0 10.40, 21.98, 69.23, 101.59, 106.95, 113.02, M Aa.25.15, 131.74, 134.03, 134.24, 149.60,
160.23, 163.41, 165.94 MS (LRFAB):'Mm/z) = 522.78. Anal. Calcd. forsg3:N,Os: C,
71.09; H, 5.97; N, 5.18. Found: C, 69.32; H, 6814.89.

4.8.1. 3, 3'-Bis((E)-2-hydroxy-4-octyloxybenzylidemamino)biphenyl-4, 4'-diol 4 (n = 8)
Yellow solids, yield: 38%'H NMR (300 MHz, DMSG-dg): 5 0.86 (t,J = 6.9 Hz,—CHs, 6H),
1.26-1.40 (M,—CHj,, 20H), 1.66-1.75(m,~CH,, 4H), 4.00 (tJ = 6.6 Hz,~OCH,, 4H), 6.38 (s,
Ar-H, 2H), 6.46 (d,) = 8.4 Hz, ArH, 2H), 7.00 (d,) = 8.4 Hz, ArH, 2H), 7.41 (dJ) = 8.7

Hz, Ar-H, 2H), 7.45 (d,) = 8.7 Hz, Ar-H, 2H), 7.66 (s, AtH, 2H), 8.97(s-CHN, 2H), 9.85

(s, Ar-OH, 2H), 14.44 (s, AfOH, 2H).23C NMR (75 MHz, DMSG-dg): § 13.98, 22.11, 25.50,
28.56, 28.68, 31.26, 67.72, 101.52, 106.92, 112.98.66, 125.09, 131.67, 133.95, 134.25,
149.57, 160.25, 163.33, 165.76. Anal. Calcd. fgHs:N-Og: C, 74.09; H, 7.70; N, 4.11.
Found: C, 73.97; H, 7.73; N, 4.08.

4.8.2. 3, 3'-Bis((E)-2-hydroxy-4-tetradecyloxybenigleneamino)biphenyl-4, 4'-diol

4 (n=14)

Yellow solids, yield: 36%"H NMR (300 MHz, DMSG-dg): 5 0.85 (t,J = 6.6 Hz,—CHs, 6H),
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1.23-1.38 (M,~CH,, 44H), 1.681.72 (m,~CH,, 4H), 4.00 (t] = 6.3 Hz,~OCH,, 4H), 6.37
(s, Ar-H, 2H), 6.44 (d,) = 6.3 Hz, Ar-H, 2H), 6.95 (d,) = 8.4 Hz, ArH, 2H), 7.447.48(m,
Ar-H, 4H), 7.62 (s, AfH, 2H), 8.94 (s-CHN, 2H), 9.99 (s, AfOH, 2H), 14.42 (s, AfOH,
2H). Anal. Calcd. for gH7eN2Oe: C, 76.38; H, 9.02; N, 3.30. Found: C, 75.90; 988 N,

3.24.
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