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ABSTRACT: We have successfully synthesiseda series of novel octakis(m
alkoxyphenyithio)phthalocyaninato copfiér complexes (m-C,OPhS}PcCu(n = 2, 4, 6, 8, 10, 12, 14,
16: 1b~i), by our developed methdo revealtheir mesomorphism. Ehphase transition behaviour and
mesophase structiwehave been established by using a polarizing optical microscope, a differential
scanning calorimeter, and a temperatdependent small angle-bay diffractometer.Interestingly, the
very short chairsulstituted derivatives(m-C,OPhSyPcCu (a) and (m-C,OPhS}PCu (Lb), show a
hexagonal ordered columnar (gl mesophasewhereaseach ofthe other longerchainsubstituted
derivatives (m-C,OPhS)PcCu (n=4~16 1c~i), shows only rectangular ordered columndCol,)
mesophase(s)in contrast to the present longarainsubstitutedphenylthio derivatives each ofthe
previouslongerchainsubstitutedphenoxyderivatives (m-C,OPhO}PcCu (n= 10-20), shows adifferent
columnar mesophase €@fol,,. We discusshis differenceof mesomorphism from the viewpoint tie
different steric hindrance originated by the peripheral substitu&it® and PhQroups Moreover, ve
could estimate the optical band gapls(m-C,OPhO}PcCu and if+C,,OPhS)PcCu (f) from absorption
edge ofthe Q-band to be 1.79 eV and 1.0 eV, respectively Therefore the phenylthiesubstituted
derivativegavea narrowerband gapby ca. 0.1 eVin comparison withthe phenoxysubstituted derivative
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1. INTRODUCTION

Since the first discotic columnar liquid crystal was found by Chandrasekhaccawdrkers in 1977 [1], various
discogens have been synthesisgdto date In generagla columnar liquid crystddlasa -conjugated macrocyclicore

such as triphenylene, hexabenzocoronene and phthalocyanineo@therwith more thansix long alkyl chainsn the
periphery[2]. When these discogens are heated, the peripheral long alkyl chains firsttp riweln softparts but the

central rigid coresnaintaincolumnar stacking structure due to thetiong”-- i nt er acti on. Accordin
crystalline phasecan beinduced by this special situatiolherefore, pranelting of the long alkyl chains by headi is

driving force to induce liquid crystalline phasés.addition,since” o r b i t adorgugated macrbcgclicoresare
overlapped in onelimensional colummformed by sefassembly, high charge carrigwbility along the columnar axis

may be acheved Therefore, lhe columnar liquid crystalline compounds exhibiting high charge canadailities have
attracted a lot of our attention to apply to organic semiconducting devices such as organic photovoltaic cell, organic field
effect transistor and son [3]. In our previous works [46], we synthesisedolumnar liquid crystalline phthalocyanine
compounds, (GH»s0)sPcH, and (G,H,sS)PcH, illustratedin Figure 1 The hexagonal ordered columnar (Gl
phasesn (C1,H,50)sPcH; and (GoH,.sS)PcH, exhilited high charge carrier mobhitis of 0.051 cni/Vs and 0.28 chiVs,
respectively Therefore the alkylthio(RS)substituted phthalocyanine derivatigimesabout 5 times higher charge carrier
mobility than thealkoxy(RO)-substituted phthalocyanine deriwati In order toachievemuch higher charge carrier
mobility in columnar liquid crystalline Pc compounds, the following peintsmay befurthermore required

(1) To show very short intracolumnar stackingtdnce

(2) To exhibit highly ordered alignment (idBalhomeotropic alignment)

In our previous works FB], we found that substitution afralkoxyphenoxy ii+C,OPhO) groupa t  tpbsitiorsb
of Pc gavecolumnar liquid crystalline derivative¢m-C,OPhO}PcCu (Figure 1) satisfying above two requiremant
Therefore, if we can synthesise columnar liquid crystalfimthalocyaninessubstituted bym-alkoxyphenythio(m-
C.OPIS) groups instead afhralkoxyphemxy(m-C,OPHD) groups, higher charge carrier mobility may be realizéudk
alkylthio-substituted phthagyanine derivative (C.S)PcH, exhibits 5 times higher charge carrier mobility tHiwe
alkoxysubstituted phthalocyanine derivatiy€,0)sPcH;, as mentioned above-B]. Thereforewe can expecsimilarly
that the phenylthiesubstituted derivative(PhSkPcCu may exhibit higher charge carrier mobility thetre phenoxy
substitutedderivative, (PhO%PcCu. Although the (Ph§cCu derivatives have been reported so fatgp no liquid
crystalline(PhS)PcCu derivatives have been reported.

Recently, wehave synthesised (PhBrCu complexes havingery shortmethoxy groups at the-, m, m & p-
positions of the phenylthio group fnduce mesomorphism in spite of the absence of longajlkchairs [20]. The
thermal fluctuatiorof the bulky substituentby heatingmakes soft parto induce liquid crystalline phasddence they
are categosed to fiflying-seedl i k e 0 | i g ui-28]. Howeyes, ttheddlying-$e@dlike liquid crystals (x-
C,0PhS)PcCu substituted byvery shortalkoxy groupsare not suitble for application to organic semiconductor,
because they show mesomorphism only at extremely high temperatures and transform into isotropic liquid with
accompaying decomposition. Therefore, we have planned to synthesise lolegv n-alkoxy-subsituted (m-
C,OPhS}PcCuderivatives showing mesomorphism from room temperature and cléaringsotropic liquid without
decomposition.

In this study, we have developed the synthetic routbexfiew phenylthio-substitutedderivatives (m-C,OPI5)gPcCu
(n=2-16: 1b-1i in Figure 1) having longn-alkoxy groups at ther+ position in orderto investigate their mesomorphism

and mesomorphic structiwdn comparisorwith the previouspheroxy-substituted Pc derivativesy{C,OPHO)gPcCu(n



=10-20), we discusghe differerce of mesomorphism from the viewpoint tife different steric hindrance originated by
the peripheral PhO and Plg&ups

2. EXPERIMENTAL

2-1. Materials

The chemicalreagents of3-hydroxybenzenethiplritylchloride, EtSiH, 3-iodophenoln-alkyloromide, NaBH and 4,5
dichlorophthalonitrile were purchased from Tokyo Chemical Industry and used without further purifications. Other
reagents were purchased from Wako Pure Chemical Industries and used without further purifications. Thin layer
chromatography sheet (TLC) and silica gel were purchased from Merck. All reaction solvents were purchased from
Wako Pure Chemical Industries. DMF was-dreed over KOH and distilled over CaHinder reduced pressure and
stored in the presence of 4A molecud@ves. THF was prdried over CaGland distilled from Na wire / benzophenone
kethyl. -Hexanol was used without further purifications. Deuterated chloroform and DMSO for NMR measurements
were purchased from Merck and WAKO Pure Chemical Industries,atdsgde Abbreviations of reagents and solvents
wereas follows:

DBU: 1,8diazabicyclo[5.4.0]7-undecenge DMF:. N,N-dimethylfformamide THF. tetrahydrofuran DMSO:
dimethylsulfoxidand TFA: trifluoroacetic acid

2-2. Measurements

The'H-NMR measurements weparried out by using a Bruker Ultrashield 400 M Hz. The MAIDF mass spectral
measurements were carried out by using a Bruker Daltonics Autoflex Il spectrometer (matrix: ditfifenelemental
analyses were performed by using a PeEdmer ElementibAnalyzer 2400. Thelata ofMALDI -TOF mass spectrand
elemental analyses are listedliable 1 Electronic absorption (UWis) spectra were recorded by using a Hitacl#100
spectrophotometer. UVis spectral data of thentfC,OPhS}PcCu complexes syntsised in this study wergummarised

in Table 2.Thermal gravimetric analysi&fGA) was carried out with a Rigaku Thermo Plus TG8120 thermal gravity
analyser.All TGA were performed under NatomospherePhase transitiotvehaviour of the present colepeswas
observed with a polarizing optical microscope (Nikon ECLIPSE E600; R@fnifications of the objective aratular
lensswere x10, respectivelyequipped with a Mettler FP82HT hot stage and a Mettle®@G-Eentral Processor, and a
Shimadzu DS&50 differential scanning calorimeter. The phase tt@mstemperatures and enthalpy changes are listed in
Table 3 The mesophases were identified by usngmall angle Xay diffractometer (Bruker Mac SAXS System)

equipped with a temperatuvariable sample holder adopted a Mettler FP82HT hot stage.

2-3. Synthesis

Scheme 1 and 2 illustrate ythetic routs for the precursors afralkoxythiophenol 4b~i) and the correspondindgluid
crystaline Pc derivativesnmtC,OPhS)PcCu (Lb~i), respectively All reactions were carried out under nitrogen

atmosphere.

[Route A]

3-Triphenylmethylsulfanylphenol (2A in Scheme 1)
Synthetic method was adopted that of Ref[26thfee necked flask dried was charged withy@8roxybenzenethiol(1.03
g, 8.15 mmol) and dry pyridine (0.679 g, 8.58 mmol). Trityl chloride(2.27 g, 8.14 mmol) was added to the reaction



mixture and it was stirred at for 3.5 hours. When TLC (SiJ AcOEt :n-hexane = 1 : 1) confirmed disappearance of
the spot of the starting reagent efiydroxybenzenethiol (R 0.50) and appearance of the target compoupd (F68),
the reaction was terminated. The reaction mixture was diluted with water and extratttedichibromethane. The
organic layer was washed with water three times and saturated brine once. The organic layer was collected and dried
over NaSQO, overnight. NaSO, was filtrated off and dichloromethane and pyridine were evapoiatedcuo The
residue was driedn vacuoto obtain colourless oil (0.268 g). Yield: 85.6%.
'H-NMR(400 MHz, ¢DMS O, TMS) : U, p-PH) 7.337.20(th, 15Hb Arkd), 6.83 (1 = 8.0Hz, 1H,
ArH), 6.556.52 (m, 1H, ArH), 6.3%.38 (m, 1H, ArH), 6.3%6.30 (m, 1H, AH).
1-Decyloxy3-triphenylmethylsulfanylbenzene (3Af in Scheme 1)
Three necked flask dried was charged wittnighenylmethylsulfanylphenoP@: 0.505 g, 1.37 mmol), GEO;(0.564 g,
1.73 mmol) and dry DMF (5 mL) attr 1-Bromodecane (0.315 g, 1.42 mmulas added to the reaction mixture and
stirred atrt for 4.5 hours. When TLC (SiKJ AcOEt :n-hexane = 1 : 1) confirmed disappearance of the spot of starting
reagent (R= 0.18) of2A and appearance of the target compound (3AfF(®63), the reactio was terminated. The
reaction mixture was diluted with water and extracted with dichloromethane. The organic layer was washed with water
three times and saturated brine once. The organic layer was collected and dried.8@roMernight. NaSO, was
filt rated off and dichloromethane was evaporatedacuoto obtain the crude product. It was purified by silica gel
column chromatography (R 0.55, CHCI, : n-hexane = 1 : 2). The solvents were evaporatecacuoand resulting
product was drieth vacuoto obtain colourless oil (0.598 g). Yield: 85.8%.
'"H-NMR(400 MHz, ¢-DMS O, TMS) : -7i21 (mpIbkh ArH)7 6.98 &) = 7.9Hz, 1H, ArH), 6.71, 6.70 (dd,
J=2.4, 6.0Hz, 1H, ArH), 6.59 (dl = 7.8Hz, 1H, ArH), 6.3%6.31 (m, 1H, ArH), 3.58 (t) = 6.6Hz, 2H,-OCH,-), 1.53
(quin,J =6.4Hz, 2H,-OCCH,-), 1.321.20 (m, 14H;CH,- x 7), 0.857 ( tJ=6.7Hz, 3H,-CHy).
3-Decyloxybenzenethiol (4f in Scheme 1)
Synthetic method was adopted that of Ref[27]. A three necked flask was charged with to#tioraaid (3 mL), 1
decyloxy3-triphenylmethylsulfanylbenzene3Af: 0.598 g, 1.18 mmol), Ci€l, (1.1 mL) and EJSiH(0.487 ¢,4.19
mmol). It was stirred attrfor 30 min. The reaction mixture was concentraitedbacuoand diluted with water and
extracted wth dichloromethane. The organic layer was washed with water three times and saturated brine once. The
organic layer was collected and dried over,®, overnight. NaSQ, was filtrated off and dichloromethane was
evaporatedn vacua Even by using any pdidation technigues, it was not possible to separate the target compound and
the bycompound containing deprotection trityl group.

Therefore, the synthesis df by Route A was abandoned. Next, synthesiglefi by Route B in Scheme 1 was

carried out.

[Route B]

3-Ethoxyiodobenzene (2Bb in Scheme 1)

A three necked flask dried was charged witfCR; (1.89 g, 13.7 mmol ), -®dophenol (1.00 g, 4.55mmol ) and dry

DMF (5 mL). Ethylbromide(0.595 g, 5.46 mmol) was then added to the reaction mixture and itrveals ati90°C.
Proceeding of the reaction was monitored by TLC {Si@-hexane). After one hour, disappearance of the spot of 3
iodophenol (R= 0.0) was confirmed, so that the reaction was goed with water and cooled tb The product was
extractedwith ethyl acetate and the organic layer was washed with water three times and saturated brine once. The
organic layer was collected and dried ovesB@, overnight. NaSO, was filtrated off and the solvent was evaporated
vacuoto obtain yellowish liqud (1.06 g). Yield: 93.8%. The product was used for next reaction without further
purification.



'H-NMR (400MHz, CDC}, T MS) : U-7.246np BH, ArH),.6Dg (t) = 8.0Hz, 1H, ArH), 6.865.84 (m,J =
2.4Hz, 8.4Hz, 1H, ArH), 4.00 (quaid= 6.9Hz, 2H,-OCH,-), 1.40 (t,J = 7.0Hz, 3H,-CHj).
3-Hexyloxyiodobenzene (2Bd)
Yield: 91.6%.This synthesis was carried oag the same method 2Bb. The crude product was purification by silica
gel column chromatographg-hexane / R= 0.30) to obtain colarless liquid (1.29 g).
'H-NMR (400MHz, CDC}, T MS) : U-7.18gnp BH, ArH),.6D0 (t) = 7.8Hz, 1H, ArH), 679-6.77 (m, 1H,
ArH), 3.84 (t,J = 6.6Hz, 2H,-OCH,-), 1.69 (quinJ = 7.0Hz, 2H,-OCCH,-), 1.4%:1.22 (m, 6H-(CH,)s-), 0.835 (tJ =
7.0Hz, 3H,-CH,).
'H-NMR datum was in accordance with that of Ref[28].

Other homologue@Bc~i were synthesised by tleame method fo2Bd. Only the yield andH-NMR data were
shown below. All compounds were obtained as liquid exce@Bar
3-Butoxyiodobenzene (2Bc)
Yield: 42.7%.
'H-NMR (400MHz, CDC}, T MS) :  U-7.25gnm BH, ArH),. 6D (t) = 8.0Hz, 1H, ArH), 6.8%.84 (m, 1H,
ArH), 3.92 (t,J = 6.4Hz, 2H,-OCH,-), 1.75 (quinJ = 7.0Hz, 2H,-OCCH,-), 1.48 (sext] = 7.4Hz, 2H,-OCC,-),
0.969 (t,J=7.2Hz, 3H,-CHj).
3-Octyloxyiodobemene (2Be)
Yield: 92.2%.
'H-NMR (400MHz, CDC}, TMS) : U0-7.17gnm BH, ArH),.6DD (&) = 7.8Hz, 1H, ArH), 6.79%.77 (m, 1H,
ArH), 3.84 (t,J = 6.6Hz, 2H,-OCH,-), 1.69 (quinJ = 7.2Hz, 2H,-OCCH,-), 1.461.20 (m, 10H-(CH,)s-), 0.818 (t,J
= 7.0Hz, 3H,-CHs). The'H-NMR datum was in accordance with that of Ref[29].
3-Decyloxyiodobenzene (2Bf)
Yield: 93.9%.'"H-NMR (400MHz, CDC}, T MS) :  U-7.27 (p 2hi, ArH),.7.84(t) = 8.2Hz, 1H, ArH), 6.89
6.87 (m, 1H, ArH), 3.97 (1) = 6.4Hz,2H, -OCH,-), 1.85 (quin,J = 6.6Hz, 2H,-OCCH,-), 1.561.30 (m, 14H;(CHy);-
), 0.946 (t,J = 7.0Hz, 3H,-CHy).
3-Dodecyloxyiodobenzene (2Bg)
Yield: 85.2%."H-NMR (400MHz, CDC}, T MS) :  U-7.24 pnp 2hi, ArH),.6.87(t) = 7.8Hz, 1H, ArH), 6.86
6.83 (m, 1H, ArH), 3.91 (tJ = 6.6Hz, 2H,-OCH,-), 1.75 (quinJ = 7.0Hz, 2H,-OCCH,-), 1.451.27 (m, 18H;(CH,)e-
), 0.881 (t,J = 7.0Hz, 3H,-CHj).
3-Tetradecyloxyiodobenzene (2Bh)
Yield: 84.1%."H-NMR (400MHz, CDC}, T MS) :  U-7.24 pnp 2hi, AHY, 6.97 Tt,J = 8.0Hz, 1H, ArH), 6.86
6.84 (m, 1H, ArH), 3.91 (tJ = 6.4Hz, 2H,-OCH,-), 1.75 (quin,J = 6.6Hz, 2H,-OCCH,-), 1.471.26 (m, 22H,-
(CH,)11-), 0.88 (t,J = 7.0Hz, 3H,-CHy).
3-Hexadecyloxyiodobenzene (2Bi)
Yield: 83.3%.Mp: 32.4°C.'"H-NMR(400MH, CDCL, T MS) : U, -72%(m, 2H, ArHg, B.98 (tJ = 8.0Hz, 1H,
ArH), 6.86:6.83 (m,1H, ArH), 3.91 (tJ = 6.6Hz, 2H,-OCH,-), 1.76 (quin,J = 7.0Hz, 2H,-OCCH,-), 1.43 (quinJ =
7.3Hz, 2H,-OCCCH>-), 1.331.26 (m,24H-CH,- x 12), 0.88 (t,J = 6.8Hz, 3H;CH,).
3-Ethoxybenzenthiol (4b in Scheme 1)
Synthetic method was adopted that of Ref[30]. A three necked flask dried was chargegdC@s(L00 g, 7.26 mmol),
powdered sulfur (0.358 g, 11.2 mmol), Cul (72.3 mg, 0.380 mmedthdyiodebenzene2@b) (0.897 g, 3.62 mmol)
and dry DMF (4 mL). The reaction was carried out al@@vith stirring for 12 hours. TLC (Si n-hexane) confirmed
disappearance of the spot of starting reager2Bif (Rf = 0.30) and appearance of the new s(i®t = 0.0) were



confirmed by TLC. The reaction mixture was cooledttand diluted with water. The product was extracted with ethyl
acetate and the organic layer was washed with water three times and saturated brine once. The organic layer was
collectedand dried over N&O, overnight. NaSQ, was filtrated off and the solvent was evaporatedacuoto obtain
the crude product, which was used for next reaction without further purification. The three necked flask containing the
crude product was chargedtlivNaBH,(4.24 g, 112 mmol) and dry THF (10 mL) and it was stirred for 32 hours. The
reaction was quenched with slowly dropwise adding conc.HCI in an ice bath. The product was extracted with ethyl
acetate and the organic layer was washed with water thmes aind saturated brine once. The organic layer was
collected and dried over NaO, overnight. NaSO, was filtrated off and the solvent was evaporéatedacuoto obtain
colourless liquid (0.382 g). The product was used for next reaction without futif@gpions. Yield: 68.5%.
'H-NMR (400MHz, CDC}, T MS) : U, J-=p8@HE, 1H7ArH), 5.846.81 (m, 2H, ArH), 6.68 (dd] = 2.0Hz,
6.0Hz, 1H, ArH), 4.00 (quartl = 7.1Hz, 2H,-OCH,-), 3.44 (s, 1H;SH), 1.39 (tJ = 7.0Hz, 3H,-CHy).

Other hanologuesic~i were synthesised by the same methodforOnly the yield andH-NMR data were shown
below. All compoundgc~i were obtained as liquid.
3-Butoxybenzenethiol (4c)
Yield: 77.9%.
'"H-NMR (400MHz, CDC}, TMS) : U, J8WHE, 1H7AH), @846.81 (m, 2H, ArH), 6.68 (dd] = 3.2Hz,
7.6Hz, 1H, ArH), 3.93 (tJ = 6.4Hz, 2H,-OCH,-), 3.43 (s, 1H;SH), 1.75 (quin,] = 7.0Hz, 2H,-OCCH,-), 1.48 (sext,
J=7.4Hz, 2H,-OCCCH>-), 0.969 (t,J = 7.4Hz, 3H,-CHy).
3-Hexyloxybenzenethiol (4d
Yield: 65.9%.
'H-NMR (400MHz, CDC}, TMS) : U, JP D8z, 1H7 Arld)56.76.75,(m, 2H, ArH), 6.685.60 (m, 1H,
ArH), 3.86 (t,J = 6.6Hz, 2H,-OCH,-), 3.36 (s, 1H;SH), 1.68 (quinJ = 7.1Hz, 2H,-OCCH,-), 1.4%+1.27 (m, 6H,-
OCCCH-), 0.832 (t,J =6.8Hz, 3H,-CHs).
3-Octylaxybenzenethiol (4e)
Yield: 91.6%.
'H-NMR (400MHz, CDC}, TMS) : U, Jp&0Hz, 1H7 Arld)56.766.74, (m, 2H, ArH), 6.6%.60 (m, 1H,
ArH), 3.84 (t,J = 6.6Hz, 2H,-OCH,-), 3.36 (s, 1H;SH), 1.69 (quinJ = 7.2Hz, 2H,-OCCH,-), 1.461.22 (m, DH,
CH,x 5), 0.816 (tJ =7.0Hz, 3H,-CHa).
3-Decyloxybenzenethiol (4f)
Yield: 80.5%.
'H-NMR (400MHz, CDC}, TMS) : U, Jp&O0Hz, 1H7 Arl)46.796.73, (m, 2H, ArH), 6.63.59 (m, 1H,
ArH), 3.84 (t,J = 6.6Hz, 2H,-OCH,-), 3.36 (s, 1H;SH), 1.75 (quin,J = 7.0Hz, 2H,-OCCH,-), 1.4%1.20 (m, 14H,
CH,x 7), 0.811 (tJ = 6.8Hz, 3H,-CHy).
3-Dodecyloxybenzenethiol (49)
Yield: 62.3%.
'H-NMR (400MHz, CDC}, TMS) : U, JpS2Hz, 1H7 ArH),26.84.81, (m, 2H, ArH), 6.786.67 (m, 1H,
ArH), 3.91 (t,J = 6.6Hz, 2H,-OCH,-), 3.43 (s, 1H;:SH), 1.76 (quinJ = 7.0Hz, 2H,-OCCH,-), 1.451.27 (m, 18H,
CH,x 9), 0.881 (tJ =7.0Hz, 3H,-CHy).
3-Tetradecyloxybenzenethiol (4h)
Yield: 92.7%.



'H-NMR (400MHz, CDC}, TMS) : U, JP D8z, 1H7 ArH)26.846.81, (m, 2H, ArH), 6.786.67 (m, 1H,
ArH), 3.92 (t,J = 6.6Hz, 2H,-OCH,-), 3.43 (s, 1H;SH), 1.76 (quinJ = 7.0Hz, 2H,-OCCH,-), 1.471.26 (m, 22H,
CH,x 11), 0.88 (tJ = 6.8Hz, 3H,-CHy).

3-Hexadecyloxybenzenethiol (4i)

Yield: 51.8%.

'H-NMR (400MHz, CDC}, T MS) : U, Jp82hiz, 1H7ArH),5.84.81,(m, 2H, ArH), 6.69, 6.68 (dd,=
2.0Hz, 6.0Hz, 1H, ArH), 3.92 (1] = 6.6Hz, 2H,-OCH,-), 3.44 (s, 1H;SH), 1.76 (quinJ = 7.0Hz, 2H,-OCCH,-),
1.47-1.26 (m, 26H;(CH,)13), 0.88 (t,J = 6.4Hz, 3H,-CHj).

[Route C]

Derivative4i was also synthesised by another method of Ref331

Bis(3-hydroxyphenyl)disulfide (2C in Scheme 1).

In a three neck flask-Bydroxybenezenthiol(0.247 g, 1.96 mmol) was dissolved in 10 mL of DI@¢8QGkL mixed
solvent (1 : 1, v/v). To the reaction mixture, 47wt% HBr ag. sol. (72.9 mg, 0.423 mmol) was added and it was stirred at
rt for 12.5 hours. When TLC(SKICHCL) confirmed disappearance of the spot of starting reagent-of 3
hydroxybenzenethiol (R= 0.10) and appearance of a new spot of target comp@@{&; = 0. 0), the reaction was
terminated. The solvents were evaporatedacuoto concentrate the reaction mixture. The product was extracted with
ethyl acetate and washed with water three times andagaduorine once. The organic layer was collected and dried over
Na,SO, overnight. NaSO, was filtrated off and the solvent was evapordtedacua The residue was drigd vacuo to
obtain the target compour®C as white powder (0.242 g). Yiel88.5%. Mp: 80-90 °C(broad).

'H-NMR(400MHz, ¢-DMS O, TMS) : U, -OHY,M.17 (9 =8.GHz, @H, ArH)26:035.90 (m, 4H, ArH),
6.686.60 (m, 2H, ArH).

Bis(3-hexadecyloxypheny)disulfide (3Ci in Scheme 1)

A three necked flask was charged with bisg@lroxyphenyl)disulfide ZC) (0.263 g, 1.05 mmol), 4C0O; (0.744 g, 5.38
mmol) and dry DMF (4 mL). -Bromohexadecane (0.808 g, 2.64 mmol) was then added to the reaction mixture and it
was stirred at 96C for 3.5 hours. The reaction was terminated when T®I0,/CH,Cl,) confirmed disappearance of
both the spots of starting reagent28f (Rf = 0.0) and monoalkylated compound (®0.55), and appearance of only
one spot of dialkylated compound ($IOH,Cl,, Rf = 0.95). The reaction mixture was diluted witlater and the
product was extracted with dichloromethane. The organic layer was washed with water three times and saturated brine
once. The organic layer was collected and dried oveB®&governight. NaSO, was filtrated off and the solvent was
evaporatedn vacuo The crude product was recrystsdiil from acetone and thenhexane at 25C to obtain white
powder (0.330 g). Yield:44.9%

Mp: 62.5°C(mpl), 64.8°C(mp2) (This compound showed double melting behaviour.).

'H-NMR(400MHz, CDC}, T MS) : U, JpH2mz, ArH, 2H)87(067.04(m, ArH, 4H), 6.75, 6.74(dd =
2.2Hz, 6.6Hz, ArH, 2H), 3.90(fl = 6.6Hz,-(OCH,)- x 2, 4H), 1.74(quin,) = 7.1Hz,-(OCCH,)- x 2, 4H), 1.451.26(m,
-(CHyp)- x 26, 52H), 0.879(t) = 6.8Hz,-CHz x 2, 6H).

3-Hexadecyloxybenzenthiol (4i in Scheme 1)

Compound4i was synthesised from CompouB€i according to the method of Ref[32]. A three necked flask was
charged with bis(@exadecyloxypheny)disulfide3Ci: 0.324 g, 0.464 mmol), PRK0.299 g, 1.14 mnipand THF (12

mL) and then conc.HCI aqg. sol. (0.4 mL) angOH2mL). It was gently refluxed with stirring for 5 hours. After cooled
to rt, large excessive amounts of iodomethane was added to the reaction mixture and stirfed S&thours. The

reaction mixture was diluted with water and extracted with toluene. The organic layer was washed with water three



times and saturated brine once. The organic layer was collected and dried £8@; dNarnight. NaSQO, was filtrated

off and the solvent was noentratedn vacuo n-Hexane was added to the solution until precipitation was occurred. It
was heated until the precipitates were completely dissolved and then coatedTtwe resulted precipitates were
removed by filtration. To the filtrate-hexare was furthermore added to occur precipitation completely. The precipitates
were removed again by filtration, and then the filtrate was evaparateduoto remove the solvent to afford colourless

oil (0.151 g). Yield: 46.5%.

'H-NMR (400MHz, CDC}, TMS):ti , p p m J=18.2H,2LH, (AtH), 6.846.81 (m, 2H, ArH) 6.69, 6.68 (dd,) =
2.0Hz, 6.0Hz, 1H, ArH), 3.92 (1] = 6.6Hz, 2H,-OCH,-), 3.44 (s, 1H;SH), 1.76 (quinJ = 7.0Hz, 2H,-OCCH,-),
1.471.26 (m, 26H;(CH,)13-), 0.88 (t,J = 6.4Hz, 3H,-CHj).

[Scheme 2]

4,5-Bis(m-ethoxyphenylthio)phthalonitrile (5b)

Synthetic method was adopted that of Ref[33]. A three necked flask was charged@@(&653 g, 4.73 mmol),-3
ethoxybenzenethioBg) (0.234 g, 1.52 mmol) and DMF (5mL) and it was heatpdo 90°C. To the reaction mixture,
4,5-dichlorophthalonitrile (0.102 g, 0.517 mmol) was added and stirred & & 7 hours with occasionally monitoring
by TLC. When the reaction was completed, it was quenched with water. The product was extthcetkylvacetate
and the organic layer was washed with water three times and saturated brine once. The organic layer was collected and
dried over NgSQO, overnight. NaSO, was filtrated off and the solvent was evaporatedacuo The crude product was
purified by column chromatography (SICCH,Cl,, R; = 0.50) to obtain white crystals (0.112 g).

Yield: 50.2%. Mp: 139.8°C.

'H-NMR (400MHz, CDC}, T MS) : i, Jp B.2hlz, 21, Ar#)17.1¢7103 (m, 8H, ArH), 4.07 (quart] =
7.1Hz, 4H,-OCH,-), 1.45ppm(tJ = 7.0Hz, 6H,-CH,).

Other homologueSc~i were synthesised by the same methodbforThe eluents for theolumn chromatography,
yields, melting points antH-NMR data were described below these homologues.
4,5-Bis(m-butoxyphenylthio)phthalonitrile (5c)

SiO,, CH,Cl,: n-hexane =4 : 1, & 0.30.

Yield: 68.9%. Mp: 96.1°C.

'"H-NMR (400MHz, CDC}, TMS) : 0, J574He, 2H7ArH), 7.117.04,(m, 8H, ArH), 3.99 (t) = 6.6Hz,
4H, -OCH,-), 1.80 (quinJ = 7.0Hz, 4H,-OCCH;-), 1.51 (sext,) = 7.5Hz, 4H,-OCCCH>-), 0.993 (t,J = 7.4Hz, 6H,-
CHy).

4,5-Bis(m-hexyloxyphenylthio)phthalonitrile (5d)

SiO,, CH,Cly: n-hexane= 4 : 1, R = 0.48.

Yield: 86.0%. Mp: 64.1°C.

'H-NMR (400MHz, CDC}, TMS) : 0, J570kz, 2H7ArH),77.147.63,(m, 8H, ArH), 3.98 (t) = 6.4Hz,
4H, -OCH,-), 1.81 (quinJd = 7.0Hz, 4H,-OCCH,-), 1.491.33 (m, 12H, {CH,-)3 x 2), 0.914 (t,J = 7.0Hz, 6H,-CH3).
4,5-Bis(m-octyloxyphenylthio)phthalonitrile (&)

Si0,, CH,Cl,: n-hexane=4: 1, R = 0.58.

Yield: 95.1%. Mp: 72.1°C.

'H-NMR (400MHz, CDC}, TMS) : 0, J580kz, 2H7ArH),177.197.63,(m, 8H, ArH), 3.98 (t) = 6.6Hz,
4H, -OCH,-), 1.81 (quind = 7.1Hz, 4H,-OCCH,-), 1.491.24 {m, 20H, (CH,-)s x 2), 0.889 (t,J = 6.8Hz, 6H,-CHy).
4,5-Bis(m-decyloxyphenylthio)phthalonitrile (5f)

SiO,, CH,Cly, R =0.80.



Yield: 78.1%. Mp: 76.5°C.
'H-NMR (400MHz, CDC}, T MS) : U, Jp76hiz, 2H7 ArH),F7.15.08,(m, 8H, ArH), 400 (t,J = 6.6Hz,
4H, -OCH,-), 1.83 (quin,Jd = 7.4Hz, 4H,-OCCH,-), 1.531.31ppm(m, 28H, ¢CH,-); x 2), 0.904 (t,J = 6.6Hz, 6H,-
CHy).
4,5-Bis(m-dodecyloxyphenylthio)phthalonitrile (5g)
SiO,, CH,Cly: n-hexane =4 : 1, R= 0.58.
Yield: 29.3%. Mp: 76.2°C.
'H-NMR (400MHz, CDC}, T MS) : U, Jp82hkiz, 2H7ArH),17.147.63,(m, 8H, ArH), 3.98 (tJ = 6.6Hz,
4H, -OCH,-), 1.81 (quinJd = 7.1Hz, 4H,-OCCH,-), 1.5031.21 (m, 36H, {CH,-)¢ x 2), 0.88 (t,J = 6.8Hz, 6H,-CHj).
4,5-Bis(m-tetradecyloxyphenylthio)phthalonitré (5h)
SiO,, CH,Cl,: n-hexane =4 : 1, R 0.38.
Yield: 75.0%.
Mp: 50.0°C(mp,), 83.3°C(mp,) (This compound siwed double melting behaviour).
'H-NMR (400MHz, CDC}, T MS) : 0, J57p8kz, 2H7ArH),77.197.04,(m, 8H, ArH), 3.98 (tJ = 6.4Hz,
4H, -OCH,-), 1.81 (quinJ = 7.0Hz, 4H,-OCCH,-), 1.491.26 (m, 44H,{CH»-)11 % 2), 0.879 (tJ = 6.8Hz, 6H,-CHj).
4,5-Bis(m-hexadecyloxyphenylthio)phthalonitrile (5i)
SiO,, CH,Cly: n-hexane =5 : 2, R= 0.70.
Yield: 73.9%.
Mp: 58.3°C(mp,), 70.2°C(mp,) (This compound showed double melting behaviour.).
'H-NMR (400MHz, CDC}, T MS) : U, J-p82hkiz, 2H7ArH),17.147.63,(m, 8H, ArH), 3.98 (tJ = 6.4Hz,
4H, -OCH,-), 1.81 (quin,J = 7.0Hz,-OCCH,-), 1.47 (quin,J = 7.2Hz,-OCCCH-), 1.381.26 (m, 48H,-(CH,)12-,),
0.878 (t,J = 6.8Hz, 6H,-CHy).
Octakis(methoxyjmeny |l t hi o) pht hal ocyaninato copper( ) (1b)
A three necked flask was charged with anhydrous £u@55 mg, 0.115 mmol), 4bis(3
ethoxyphenylthio)phthalonitrile (94.1 mg, 0.218mmol) ardekanol (5mL). To the reaction mixture 5 drops of DBU
was added ancefluxed fa 1.5 hours. It was cooled to and poured into methanol to precipitate. The precipitates were
collected by filtration and washed with methanol, ethanol and ethyl acetate successively. The precipitates were purified
by Soxhlet extraction (tone) two times. The obtained toluene solution was concentirateatuoand the residue was
reprecipitated from acetone to obtain green solid (43.1 mg).

The homologuedc, 1h andl1i were also synthesised and purified by the same procedutb.for
Octakis(mhexyloxyphenylthi) pht hal ocyaninato copper( ) (1d)
A three necked flask was charged with anhydrous £u@®.2 mg, 0.068 mmol), 4;bis(3
hexyloxyphenylthio)phthalonitrile5d: 48.2 mg, 0.0885mmol) andHexanol (5mL). To the reaction mixeu5 drops of
DBU was added and it was refluxed with stirring b5 hours. It was cooled tda and poured into methanol to
precipitate. The precipitates were collected by filtration and washed with methanol, ethanol and ethyl acetate successively.
The residue was dissolved in chloroform and the solution was conceniratettua Subsequently, the crude product
was purified by column chromatography (§i@HCk, Rf= 1.0) to obtain green solid (27.6 mg).

The homologuede~g were also synthesised and ified by the same procedure f@d. Table 1 lists the yields,
MALDI -TOFRMASS and elemental analysis data of all the homologbes The U\tvis spectral data were summarized
in Table 2.

Decompositon temperatures of 1b~1i



Decomposithn tempertures (T,) obtained from TGAarelisted below.
1b: T4>400°C, 1c: T4 =389°C, 1d: T4 =397°C, le: Ty =359°C, 1f: T4 =386°C, 1g. Ty =39°C, 1h: T4= 371
°C, 1i: T4=360°C.

3.RESULTS AND DISCUSSION

3-1. Synthesis

Phenythio substituted phthalocyanine derivatives (RREM (M = H,, metal) reported up to dateere preparedrom
commercially available benzenthiol derivatives as the starting reage2@]1Blowever, each of these benzenethiol
derivat i ves gdlylelsain®d Therdfoaat fest wedavedevelopedhe synthetic route fothe long alkoxy
chainsubstituted benzenethiodb~i in this study. Although many synthetic methods for benzenethiol derivatives have
been reported so far [3439], we havetried in this studythe following three relatively simple methods (Routes A, B and
C in Scheme 1) for thieng alkoxy chairsubstitutecbenzenethiol precursoddb-i.

Route A in Scheme 1 was followed those of Refs]Zk The starting material3-hydroxybenzenethigl was
commercially available. The thiol group irh§droxybenzenethiol was protected with trityl group to obtain derivaive
Subsequently, the OH group in the phenol deriva?ikevas substituted by an alkoxy group using Wiliamson reaction
to obtain derivative3Af. The trityl group in3Af was deprotected by triethylsilane in acidic condition. Although the
reaction proceeded, it was not possible to separate the target cordpamadthe byproduct containing trityl group. It
is attributablgo the nonpolarity of both the target compound and thgrbguct having nospolar decyl groupdn Refs
[26-27], the target benzenthiol derivative can be separated from reaction mixture since substituent R is higher polarity
group than decyloxy groufue to the low polarity of substituent R in this stu@pmpound4f could not be separated
from thereaction mixture.

Route Bin Scheme 1 was followed that of Ref[30]. Fiysthe OH group in 3odophenolwas substituted bipng
alkoxy group using Williamson reaction to obtain derivat®Bd&~i. Subsequently, these iodobenzene derivaf@is-i
were successfully converted inbenzenethiol derivativetb~i in good yields (average total yield: 62.8%).

Derivative 4i was also successfully synthesised by using another method [31] (Route C in Scheme 1). Firstly,
commercially available -Bydroxybenzenethiol was converted into coroegping disulfide derivativ@C in the presence
of HBr aqg. sol. and DMSO. Subsequently, the OH groups in this disulfide derig&tiwesre substituted bipng alkoxy
groups using Williamson reaction to obtain disulfide deriva8@. Following the method foRef[32], derivative3Ci
was converted into corresponding benzenethiol derivadive This method also successfully provided the key
benzenethiol derivativéi in moderate yield (total yield: 20.1%).

Thus, the methods of Routes B and C in Scheme 1 sifigleprovidedthe long alkoxysubstitutedoenzenethiol
derivativesAb~i.

As shown in Scheme 2, the synthetic method of target phthalocyanine derivati@®RhS)PcCu (a~i) was
followed the method of Ref[33]. Firstly, each of thag alkoxysubstitued benzenethiol derivative$a~i was reacted
with 4,5-dichlorophthalonitrile to obtain the phthalonitrile derivatiies-i. These phenylthisubstituted phthalonitriles
5a~i were tetracycted to afford the d@rget phenylthiesubstitutedphthalocyanings (m-C,OPhS}PcCu (a-i), in
relatively good yields (average yield: 59%). Each ofghthalocyaninesould be satisfactorily identified by the MALDI
TOF MASS, elemental analysis and Wig spectam (Tables 1 and )2

3-2. Phase transition behaviour



Table 3summarizes phase transition behaviouratifthe phenylthiesubstituted PcCu complexetsie shortestalkoxy-
substituted derivativém-C,OPhS}PcCu (La) synthesised in our previous woiknd theotherlonger-alkoxy-substituted
derivatives, f+-C,OPhS)PcCu (n= 2~16;1b~i), synthesised in this work.

In Figure 2 the phase transition temperaturesabfthe derivatives (n-C,OPhS)}PcCu (n= 1~16: 1a~i) were
plotted against the alkyl chain length (n). As tersea this figure, each of the lines for the clegrin poi nt s ( 3) ,
hi ghest melting pointsli@w)d angstalke 1 irgosdticoryspaints
However, theres only a gap between n 2 and4 for the melting points. It may correspond to the difference of
mesomophism driving forces between thexagonal ordered columna€dl,,) phasesfor lab (n = 1, 2) and the
rectangular ordered columna€dl,, (P2m) phasedor 1c~i(n = 4~16). Furthermore each of the derivativesf~i (n =
10~16) shows twoectangular orded columnaphases of Cgh(P2m) and Cal(P2m).

Interestingly, the Cg@} phases appear only for tegtremely short alixy-susbstitutedierivativesla-b (n=1, 2), so
that these discogens can tensidered as flyingeedlike liquid crystals inducedby thermal fluctuation ofhe bulky
peripheral substituentf20-25]. On the other hand, the GMP2m) phas@) appear only for the lomy alkoxy-
substitutedierivativeslc~i (n = 4~16), so that these discogens can be considered as conventionatticgiads induced
by melting ofthe peripherallong alkoxy chains. To our best our knowledge, this is the first example changing from

flying-seedlike liquid crystals to longlkyl chain type of liquid crystal a series of liquid crystalline homologues

3-3. Polarizing optical microopic observation

Figure3 shows the polarizing opticahotomicrographsf liquid crystalline phaseinthe representative derivativeidy(n

= 2), 1f(n = 10) andli(n = 16). Both(A) and(B) are the photomicrographs tbfe liquid crystalline phasen the shortest
alkoxy-substituted derivativém-C,OPhS)PcCu (Lb) at 220°C. As canbe sea from thesephotos photo (A) shows a
focal conic texture typical of liquid crystalline phases ahdto (B)shows a dendritic texturggical of a hexagonal
columnar (Cq)) phase. Therefore, this liquid crystalline phasdlotould be identified as a Ggbhase.Photo (C)is a
Col.,z(P2m) phasén the moderately long alkgubstituted derivativém-C,;OPhS}PcCu (f) at 115°C. Both(D) and
(E) area Colk,1(P2m) phasein the same derivativiéf at 90°C. As canbe sea from thesephotos both Col;, ,phases
did not give any typical texturesf mesophasedHowever, when the phase jinoto (D)was pressed and sheared, it
showed both stidness and birefringencas shown inphoto (E) Therefore, the Cgh(P2m) phase irlf could be
identified as a liquid crystalline phagehoto (F)shows aColi(p2m) phasen the longestlkoxy-substituted derivative
(m-C1c0PhS)PcCu (i) at 100°C. This photo exhibits a focal conic texture typical of liquid crystalline phases. In
addition, when this sample was pressed and sheared, it showed both stickiness and birefringence aghsiiows)n

Therefore, this phase could be also identified as a ligy&talline phase.

3-4. Temperature-dependent small angle Xray diffraction (TD -SAXS) measurements

Table 4 summarizes temperatatependent small angle-bay diffraction (TDSAXS) data of the liquid crystalline
phases inrt-C,OPhS}PcCu (a-i). Figures4, 5 and6 show he representative SAXS patterns ofC,OPhS)PcCu
(1b), (M-C1,OPhS)PcCu (f) and (m-C,;cOPhSyPcCu (i), respectively. In these figures, the enlarged diffractgrams are
shown as the insets. These SAXS patterns were measured for thessdmained by cooling fronsotropic liquid.
The SAXS pattern ofn-C,OPhS)PcCu (b) at 220°C is shown inFigure 4. As canbe sea from this figure, a
very broad halg#l)due t o t her mal fluctuati on o=f13~-g3. dmsybbat mlo&l gr o u |
was also observed fdhe previous flyingseedlike liquid crystalline derivative,nt-C;OPhSyPcCu (&) [20]. The d
spacingdn the low angle regoar e in a ratio of 1 1/ & 3phaseThetetorg, the 1/ 3,

mesojmase could ba&lentified as a&Col, phase This identification is consistent with the dendritic texture typical of 4 Col



mesophase mentioned above. | 6° and W7 douldobe assigneddo the énteildiser a t
stacking goy(2h=14 . 3 ) and the indgyrmoh@dmepr séap&cngvadalyium Thi s
between the dimers and monomersstsin the Col, mesophase as the same case as e (,0),PhOEPcCu
derivatives reported in 2001 [7]. From the Z vatizdculation[40], the Z value of this Cg) mesophase ittb could be
obtained as Z 1.0 assuming the intermonomer stacking distance=ag h 1 2 and the densizty of
1.0gcm®. Al t hough the i ntr acol)ismuchlargesthaatbak of cogvendonas Gphases.e h
However, the value Z 1.0 is consistent with the theoretical value<Z.0) for a Co}, mesophaseMoreover, the large
stacking distanceh7 . 1 2 i s compar sdedlile liqaid crystdisaeportedfin ofir Ipnevionsgworks ,[20
24]. Thus, the present derivatidéd could beclassified as a flyingeedlike liquid crystal similar to the previously
reported derivativda. In our previous work, this liquid crystalline phaselafwas dentified as a Ce(P2m) phase [20].
However, the d spacings @édar e al so in a ratio of 1 : 1blFHran3he Z valld a 7
calculation, the result (Z 0.953 1.0) is consistent with a GglphaseMoreover, theequlibrium between the dimers
and monomers in the Gglmesophasecould be also observeds the same case as the-GOPhS)PcCu (Lb)
homologue.Therefore the liquid crystalline phase dfa could be also identified as Gephase, so that we correct the
identification of this mesophasieom Col,(P2m) to Cal, in this study.

Figure 5 showsa SAXS pattern othe moderately long alkoxsubstituted derivativém-C,,OPhS}PcCu (f) at
115°C. As can see frorthis figure, a broad halo (#2) due to the molten long atkglins was observed. From the
reciprocal lattice calculation [40], the liquid crystalline phase was identified ags@@m) (a=3 7. 0 =27 . & = h
4 . 0 6Figurg6.shows he SAXS pattern ofthe longest alkoxgubstituted derivativém-C,;OPhSgPcCu(1li) at 100
°C. The liquid crystalline phaseas also identified as Ce§y(P2m) (a=49. 9 =28 . B =4, 0@ Itis yery
interesting that each of the presdoihger alkoxy-substitutedphenythio derivatives (+C,OPI5)gPcCu (n= 4~16)
shaved only rectangular columnar (Cal(P2m)) phase(s), whereas each of the previonger alkoxysubstituted
pheroxy derivatives n-C,OPHD)gPcCu (n= 10~20) showed only Bexagonakolumnar (Cal,) phase [89].

3-5. Columnar stacking structures of (-C,,OPhO)gPcCu (n=10-20) and (n-C,OPhSxPcCu (n=1-16).

The differert mesophase appearanmoentioned abovenay be attributed to difference of interaction among the Pc cores
having steric hindrance of the peripheral substituents (PhO and PhS).

It is well knownthat stronger interaction between cores is required to fomeatangularcolumnar (Cq) phasein
comparison with dexagonal columnar (Gplphase [4343]. As schematically shown iRigure 7, covalent bond radius
of sulfur atotharf 1t D&t of | @ x yHpreey@a tboorm d( Ol.ebnégt h) ( 1-08 1 )
bond length( 1. 4 3 ) [ 44] . A c chetweskn Pcgebrgs,in thEhbnexysubstitued derivativesrh
C,OPhO}PcCu (n=10-20) is weakened blgigger sterichindrance othe phenoxygrougs close to the Pc core. As the
result, the phenoxysubstituted derivativesrtC,OPhO}PcCu (n= 10-20) may formthe hexagonal columnar pleas
(Coly). On the other hand, the interaction between Pc cores iphdeylthiesubsituted derivativesrt-C,OPhS)PcCu
(n = 4-16) is strengthened by smaller steric hindrance of phenyithio grotigerfélom the Pc core. In this case, an
additionalcoordinationbondsmay be formed between copper atoms and nitrogen dietweerthe upperand lower Pc
cores asillustratedin Figure 7(dotted lines) Thus,the phenylthiesubstituted derivativesrt C,OPhS)PcCu (n= 4-16)
may formthe rectangular columné€ol,) phase.

3-6. UV-vis absorption spectra

Figure 8 shows the UWis absorptiorspectraof (m-C,;;OPhO}PcCu (upper) andntC,(OPhS}PcCu (f) (lower) in
THF solution.Table 5 lists their spectral data. As can see from these figure and tablebtre @fthe phenythio-



substituted derivativdm-C,;,OPhS}PcCu (f) redshifts by 35.7 nm into near infrared region compared \ligh
pheroxy-substituted derivativém-C,OPhO}PcCu. This result is compatible with those of titeenylthiesubstituted
phthalocyaneseportedso far[16-20].

Moreover, ve could estimate the optical band gap$ (m-C;(OPhO}PcCu and rf-C,;(OPhS}PcCu (f) from
absorption edge dhe Q-bands to be1.79 eV and 1.0 eV, respectivelyHence the phenylthiesubstituted derivative

gaveanarrower band gaby ca.0.1 eVin comparison withthe phenoxysubstituted derivative

3. CONCLUSION

In this study, we have successfully synthesised ngweényithiosubstituted phthalocynaine derivativest (
C,OPhS)PcCu(b~i) to revealtheir mesomorphism. Wéound that the shortest alkoxgubstituted derivativegm-
C,0OPhSyPcCu (La) and(m-C,OPhS)PCu (Lb) could be classified as flyingeedlike liquid crystas. On the other hand,
the otherlonger alkoxysubstituted derivativegn-C,OPhS)PcCu: n= 4~16 (Lc~i) could beclassified as conventional
long alkylchainmelting liquid crystalslt is very interestig that each of the presdonhgeralkoxy-substitutedohenythio
derivatives n-C,OPI5)gPcCu (n= 4~16) showed onlyectangularcolumnar (Cal(P2m)) phase(s), whereas each of the
previous longer alkoxysubstitutedpheroxy derivatives (-C,OPHO)sPcCu (n= 10~20) showed only &exagonal
columnar (Cqly) phase Thedifferert mesophase appearamoay beoriginated from thalifference of interaction among
the Pc cores having steric hindrance of the peripheral substituents (PhO andh&band ofthe phenythio-
substituted derivativdm-C,;OPhS}PcCu (f) redshifts by 35.7 nm into near infrared region compared \ligh
pheroxy-substituted derivativém-C,,OPhO}PcCu. Thus, in this study, we successfully synthesised a novel series of
liquid crystalline (m-C,OPhS}PcCu(n = 1~16)derivatives showing the Qands in near infrared regiowe intend to

measurehe charge carrier mobilésin the nearfuture.
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Fig 1. Molecular formulae of liquid crystals based on phthalogya *1: Refs.: [8], [9] and [21].
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*2: Ref.: [20].
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Scheme 1.Synthetic routeé\, B andC for 3-alkoxybenzenethiolA) by using the methods adoptRéf. [26] and

[27]; (B) Ref. [30} (C) Ref. [31].
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Scheme 2.Synthetic route forr+C,OPhS)PcCu (La~i) n : Previous work (Ref.[20]).



Tablel. Yieldsand elemental analysis data(ofC,OPhS)PcCu (La~i).

Mol. formula Exact Mass Elemental analysis: Found(Calcd.)(%) . o
Compound (Mol. wt) Mass observed c o Yield(%)
1b:  (m-C,OPhS)gPcCu C‘”?fggﬁgiscu 179132 1791.32 (gigg) (322(1)) (2:22) 44.1
le:  (m-C4OPhS)gPcCu C“zf(lzl(l)ﬁf‘;gfgc” 201558 2015.50 (22:22) (22?91) é:g) 65.9
1d:  (m-C¢OPhS)¢PcCu C”S}(Izlglefgsségcu 2239.83  2239.80 (ggjgz) (2:‘5‘;) (2:8(5)) 55.7
le:  (m-CgOPhS)ePcCu Cl““lélfgi%sf‘cu 2467.06  2464.14 (gg:?z) (;:?;) (ijgi) 60.4
1f:  (m-CjgOPhS)gPcCu Cl"‘)}(lzzgﬁjf‘gisscu 268833  2688.31 (;}:Zg) (%g) (ﬁé) 65.6
1g:  (m-C;,OPhS)gPcCu C1761322;°11\51f‘9018)38c“ 2912.58  2913.61 (;i:i;) (gjg) é:gz) 68.1
1h:  (m-C4OPhS)gPcCu Clgz}g;ﬁfﬁg)sf‘cu 3136.83  3138.02 (;gfé) (gﬁ% é:g;) 47.4
li:  (m-C4OPhS)gPcCu Cz"“(';g‘g:f‘%sxcu 3361.07 3362.24 (;?1:(2);) (g:ﬁ) éég) 66.1
Table 2. UV-vis spectral data in CHE$olution of (n-C,OPhO}PcCu (b~i).
A/nm (loge
Concentration (loge)
Compound (X10mol L) Soret band Q-band
Qy.;-band Qo.o-band
1b: (m-C,0OPhS)gPcCu 2.32 344.0(4.91) 642.0(4.68)  718.0(5.42)
1c: (m-C,OPhS)gPcCu 2.39 344.0(4.92) 642.0(4.69) 716.0(5.42)
1d: (m-CcOPhS)gPcCu 2.26 344.0(4.93) 642.0(4.69) 718.0(5.43)
le: (m-CgOPhS)gPcCu 2.26 344.0(4.93) 642.0(4.70) 718.0(5.44)
1f: (m-C,,OPhS)gPcCu 2.29 345.5(4.90) 643.0(4.65) 718.9(5.42)
1g: (m-C,,OPhS)¢PcCu 242 342.0(4.88) 642.0(4.66)  718.0(5.40)
1h: (m-C,;,OPhS)gPcCu 2.34 344.0(4.88) 642.0(4.65) 718.0(5.38)
1i: (m-C;cOPhS)gPcCu 2.37 344.0(4.89) 6420(4.65) 718.0(5.38)




Table 3. Phase transition temperatures and enthalpy chandes-iof

T (°C) [AH (kJmol™)]

Compound Phase Phase ~nn—s Relaxation
ca. 180
Ki N 287.4[15.8] 334.2[6.7]
1a*: (m-C,;OPhS)gPcCu K, Coly, LL.
(decomp.)
212.5[57.6] 239.5[6.1]
1b: (m-C,OPhS)sPcCu K, ——— > Colyg > |
191.3 199.9
1c: (m-C,OPhS)sPcCu K, Colioy IL.
(P2m)
95.0[7.2] 143.9[1.9] Col 152.7[60.3]
1d: (m-C4OPhS)gPcCu Ky, K, O ro2 IL.
(P2m)
106.5 Col 142.6[60.3]
le: (m-CgOPhS)gPcCu Ky ro2 LL.
100.1 _~ (P2m)
Ky
96.3 7
K3v
41.6[7.3 64.7[3.2] 81.1[7.5] 133.5[95.5]
1f: (m-C,,OPhS)gPcCu K, 3l Kay Colr: Colror LL.
58.6[18.1] (P2m) (P2m)
K Colog
2v AR 110.9[67.0]
(P2m) N 81.5 Col 98.5 Col
. - K Tol 102
1g: (m-C,,0PhS)gPcCu | o P LL.
330 COImZ
sz IS JVVWVVVWVVW\,\
63.9 o P N 93.2[6.5] Col 117.9[70.9]
1h: - K. ) . rol ro2
(m-C,40PhS)ePcCu . o o LL.
.. Ky, 75.0 Col,, 111.2[48.9]
li: (m-C;cOPhS)gPcCu K, 64.0 7 ) ————————— IL.

Phase nomenclaturk = crystal, Cab = rectangular ordered columnar, I.L. = isotropic liquid and v = virgin state,€0bl.2: See
Figure 2. *Ref [20]
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Fig. 2. Phase transition temperaturesies the number aarbonatom in the alkoxy chains fomtC,OPhS}PcCu (&-i).

3: clearing point®: melting point,y: crystalcrystal phase transitioandz : mesophasenesophase transition.
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Fig. 3. Photomicrographof (A) and (B): Cok, of (m-C,OPhS)PcCu (Lb) at 220°C; (C) Colxx(P2m) of (m-
C,0OPhS)PcCu (f) at 115°C; (D) Colei(P2m)of (m-C,qOPhS)PcCu (f) at 90°C; (E) sheared sample ttie photo
(D) of 1f at 90°C; (F) Cole(P2m)of (m-C,cOPhS)PcCu (i) at 100°C; (G) sheared sample d¢iie photo (F) ofli at
100°C.



