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ABSTRACT 

Hexakis(4-methoxyphenyl)benzene (HPB-OMe(1)) and hexakis(2,6-dimethyl-4-methoxyphenyl)benzene (HPB-OMe(2)) 
were synthesized via organometallic complex catalysis. The treatment of HPB-OMe(1) with FeCl3 caused cyclodehy-
drogenation at two positions to yield an oligophenylene with an indeno[1,2-b]fluorene structure (IF-OMe). Deprotection 
of the methoxy groups of these compounds was conducted by treatment with BBr3. Deprotonation of the OH groups of 
HPB-OH(1), HPB-OH(2), and IF-OH through treatment with NaH caused a bathochromic shift in the absorption and 
photoluminescence (PL) peaks. The bathochromic shift of the deprotonated species increased with the donor number 
(DN) of the solvents. These observations can be explained as the consequence of intramolecular charge transfer (ICT) 
from the ONa groups to the inner benzene rings. 
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1. Introduction 

Oligo(p-phenylene)s (OPs) are an important class of π- 
conjugated oligomer [1-18]. We have recently reported 
on oligo(p-phenylene) compounds with an OH group 
located at either one end or at both ends, namely, OPP(n) 
-OH (where n is the number of benzene rings) and HO- 
ArPh(n)-OH species (Ar = 9,9-dihexylfluorene -2,7-diyl 
and 2,5-dioctyloxybenzene-1,4-diyl), respectively [19, 
20]. These OPP(n)-OH and HO-ArPh(n)-OH com- 
pounds exhibited significant solvatochromism where 
deprotonation of the OH groups, when treated with NaH, 
caused a bathochromic shift of λmax that increased with 
the DN of the solvent. The solvatochromism exhibited 
by OPP(n) -ONa and NaO-ArPh(n)-ONa was attributed 
to an ICT from the sodium phenoxy group(s) to the ad-
jacent rings [19,20]. The degree of bathochromic shift in 
the deprotonated species increased with an increase in 
the chain length that corresponds to the expansion of 
the π-conjugation system. However, ICT behavior in 
branched oligophenylenes containing OH groups re- 
mains unclear. 

Hexaphenylbenzenes (HPBs) are an important class of 
aromatic compounds in the field of materials science, 
acting as precursors for graphite-like, dendritic, or photo- 

conductive polycyclic aromatic hydrocarbons [21,22]. 
HPBs also serve as guest-inclusion organic crystals di-
rected to organic zeolites [23,24]. In this study, the optical 
properties of HPB-OH compounds were investigated be-
fore and after deprotonation of the OH groups. The 
π-conjugated system of the HPBs is comparatively small 
because of the presence of steric hindrance between the 
phenyl groups. We herein therefore also studied an OP 
which has its OH groups substituted with a planar in-
deno[1,2-b]fluorene structure (IF-OH), synthesized by the 
cyclodehydrogenation of HPB-OH, and subsequently 
investigated its solvatochromic behavior. IFs have at-
tracted considerable attention because they can be useful 
materials for electroluminescence and photovoltaic de-
vices [25,26]. These applications are based on the fact 
that IFs have a more extended coplanar, fused structure, 
which thus enables extended π-conjugation and improves 
their carrier mobilities compared to simple fluorene de-
rivatives. The large carrier mobility in IFs is suited to the 
development of new solvatochromic materials based on 
ICT. The investigation into the optical properties of 
HPB-OH and IF-OH will afford information pertinent to 
the development of new solvatochromic materials. It is 
noteworthy that IF-OH is expected to be a useful starting 
material for the synthesis of new IFs through reactions 
using the OH groups. To the best of our knowledge, this *Corresponding author. 
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is the first example of IFs with reactive groups. 
We herein report on the synthesis of HPBs and IF with 

OH groups and their optical properties before and after 
the deprotonation of the OH groups. 

2. Experimental 

2.1. General 

Solvents were dried, distilled, and stored under nitrogen. 
Reagents were purchased and used without further puri- 
fication. Reactions were carried out with standard 
Schlenk techniques under nitrogen. 

IR and NMR spectra were recorded on a JASCO 
FT/IR-660 PLUS spectrophotometer and a JEOL AL-400 
spectrometer, respectively. Elemental analysis was per- 
formed on a Yanagimoto MT-5 CHN corder. UV-Vis 
and PL spectra were obtained by a JASCO V-560 spec- 
trometer and a JASCO FP-6200 spectrofluorometer, re- 
spectively. Quantum yields were calculated by using a 
diluted ethanol solution of 7-dimethylamino-4-methyl- 
coumarin as the standard. 

2.2. Synthesis 

2.2.1. Synthesis of 1 
4-Bromoanisole (1.4 g, 7.5 mmol), bis(tributylstannyl) 
acetylene (2.4 g, 3.9 mmol), and Pd(PPh3)4 (0.50 g, 0.43 
mmol) were dissolved in 20 ml of dry toluene under N2. 
After the reaction solution was refluxed for 48 h, the 
solvent was removed under vacuum. The resulting solid 
was purified by column chromatography (eluent = CHCl3) 
and recrystallized from chloroform. The yellow crystals 
were collected by filtration, washed with cold methanol, 
and dried under vacuum to give 1 as a yellow solid (0.38 
g, 43%). 1H NMR (400 MHz, CDCl3): δ 7.45 (d, J = 8.8 
Hz, 4H), 7.26 (d, J = 8.8 Hz, 4H), 3.83 (s, 6H). 13C NMR 
(100 MHz, CDCl3): δ 156.8, 140.3, 133.6, 132.5, 112.2, 
55.0. Anal Calcd for C16H14O2: C, 80.65; H, 5.92. Found: 
C, 80.88; H, 6.10. 

2.2.2. Synthesis of 2 
2 was synthesized by the reaction of 2,5-dimethyl-4- 
bromoanisole with bis(tributylstannyl)acetylene analo-
gously. 

Data of 2: Yield = 53%. 1H NMR (400 MHz, CDCl3): 
δ 7.18 (s, 4H), 3.72 (s, 6H), 2.27 (s, 12H). 13C NMR (100 
MHz, CDCl3): δ 157.2, 132.0, 131.1, 118.8, 88.2, 59.8, 
16.0. Anal Calcd for C20H22O2: C, 81.60; H, 7.53. Found: 
C, 81.44; H, 7.36. 

2.2.3. Synthesis of HPB-OMe(1) 
Dicobalt octacarbonyl (0.068 g, 0.20 mmol) and 1 (0.38 
g, 1.6 mmol) were dissolved in 20 ml of dry toluene un-
der N2. After the reaction solution was refluxed for 24 h, 

the solvent was removed under vacuum. The resulting 
solid was purified by silica gel column chromatography 
(eluent = CHCl3), washed with methanol, and dried un-
der vacuum to give HPB-OMe(1) as a light brown solid 
(0.30 g, 79%). 1H NMR (400 MHz, CDCl3): δ 6.67 (d, J 
= 8.8 Hz, 12H), 6.42 (d, J = 8.8 Hz, 12H), 3.63 (s, 18H). 
13C NMR (100 MHz, DMSO-d6): δ 156.7, 140.2, 133.5, 
132.4, 112.1, 54.9. IR (KBr, cm–1): 3008, 2957, 2835, 
1611, 1577, 1518, 1464, 1419, 1397, 1287, 1244, 1178, 
1109, 1033, 834, 804, 551. Anal Calcd for 
C48H42O6·0.25H2O: C, C, 80.14; H, 5.96. Found: C, 
80.09; H, 5.99. Mp = 378˚C. 

2.2.4. Synthesis of HPB-OMe(2) 
HPB-OMe(2) was synthesized using a procedure similar 
to that used for HPB-OMe(1) the analogous method. 

Data of HPB-OMe(2): Yield = 65%. 1H NMR (400 
MHz, CDCl3): δ 6.41 (s, 12H), 3.50 (s, 18H), 1.93 (s, 
36H). 13C NMR (100 MHz, DMSO-d6): δ 154.1, 139.6, 
136.5, 132.2, 127.8, 59.5, 15.6. IR (KBr, cm–1): 2935, 
1487, 1219, 1126, 1016, 867, 644. Anal Calcd for 
C60H66O6·0.5H2O: C, 80.77; H, 7.57. Found: C, 80.74; H, 
7.14. Mp = 254˚C - 255˚C. 

2.2.5. Synthesis of HPB-OH(1) 
After a dichloromethane solution (5 ml) of BBr3 (0.34 ml, 
3.6 mmol) was added dropwise to a dichloromethane 
solution (20 ml) of HPB-OMe(1) (0.096 g, 0.13 mmol), 
the reaction solution was stirred at 20˚C for 30 h and 
quenched with water. The resulting precipitate was col-
lected by filtration and dried under vacuum to give 
HPB-OH(1) as a pink solid (0.047 g, 55%). 1H NMR 
(400 MHz, CDCl3): δ 8.83 (s, 6H), 6.53 (d, J = 8.0 Hz, 
12H), 6.22 (d, J = 8.0 Hz, 12H). 13C NMR (125 MHz, 
CD3OD): δ 155.4, 141.8, 134.3, 133.7, 114.5. IR (KBr, 
cm–1): 3531, 3340, 3033, 1612, 1518, 1436, 1401, 1261, 
1236, 1173, 1101, 1015, 826, 548. Anal Calcd for 
C42H30O6·0.5H2O: C, 78.86; H, 4.88. Found: C, 78.79; H, 
4.72. Mp > 400˚C. 

2.2.6. Synthesis of HPB-OH(2) 
HPB-OH(2) was synthesized using a procedure similar to 
that used for HPB-OH(1) the analogous method. 

Data of HPB-OH(2): Yield = 91%. 1H NMR (400 MHz, 
DMSO-d6): δ 7.55 (s, 6H), 6.42 (s, 12H), 1.83 (s, 36H). 
13C NMR (100 MHz, DMSO-d6): δ 150.0, 140.4, 132.8, 
131.7, 122.1, 16.9. IR (KBr, cm–1): 3576, 3036, 2967, 
2917, 2861, 1604, 1490, 1420, 1396, 1310, 1190, 1127, 
1022, 943, 868, 730. Anal Calcd for C54H54O6·0.2H2O: C, 
80.81; H, 6.83. Found: C, 80.63; H, 6.97. Mp > 400˚C. 

2.2.7. Synthesis of IF-OMe 
After a dichloromethane solution (300 ml) of HPB- 
OMe(1) (82 mg, 0.12 mmol) (N2 bubbled before use) 
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was added to dry nitromethane solution (7 ml; N2 bub-
bled before use) of FeCl3 (0.37 g, 2.3 mmol) at 0˚C, the 
reaction solution was stirred at 20˚C for 1.5 h. The reac-
tion solution was added to water (50 ml), extracted with 
dichloromethane, and dried over magnesium sulfate. Af-
ter the solvent was removed under vacuum, the resulting 
solid was washed with methanol, collected filtration, and 
dried under vacuum to give IF-OMe as a light brown 
solid (57 mg, 72%). 1H NMR (400 MHz, CDCl3): δ 7.18 
(d, J = 8.4 Hz, 4H), 6.90 (d, J = 8.0 Hz, 4H), 6.51 - 6.57 
(m, 8H), 6.23 (d, J = 8.8 Hz, 2H), 6.14 (d, J = 9.6 Hz, 
4H), 3.88 (s, 6H), 3.68 (s, 6H). 13C NMR (125 MHz, 
CDCl3): δ 185.9, 159.9, 159.5, 149.7, 144.2, 142.3, 138.9, 
134.7, 134.1, 130.8, 129.0, 128.3, 124.4, 114.9, 113.6, 
109.2, 56.6, 55.5, 55.4. IR (KBr, cm–1): 2936, 2836, 1661, 
1604, 1521, 1496, 1457, 1436, 1247, 1174, 1024, 861, 
833. Anal Calcd for C46H34O6·H2O: C, 78.84; H, 5.18. 
Found: C, 78.55; H, 5.07. Mp = 399˚C - 403˚C. 

2.2.8. Synthesis of IF-OH 
After a dichloromethane solution (2 ml) of BBr3 (0.21 ml, 
2.2 mmol) was added to a dichloromethane solution (13 
ml) of IF-OMe (0.057 g, 0.083 mmol), the reaction solu-
tion was stirred at 20˚C for 30 h and quenched with water. 
The resulting precipitate was collected by filtration and 
dried under vacuum to give IF-OH as a green solid 
(0.030 g, 58%). 1H NMR (400 MHz, DMSO-d6): δ 9.61 
(s, 2H), 9.56 (s, 2H), 7.05 (d, J = 8.0 Hz, 4H), 6.66 (d, J 

= 8.0 Hz, 4H), 6.45 (d, J = 8.4 Hz, 2H), 6.35 (s, 2H), 
6.08 (d, J = 8.4 Hz, 2H), 6.00 (d, J = 9.6 Hz, 4H). 13C 
NMR (125 MHz, DMSO-d6): δ 184.2, 157.0, 156.9, 
149.7, 143.8, 141.9, 137.9, 133.9, 130.3, 127.8, 127.7, 
126.5, 123.4, 115.2, 114.3, 110.3, 55.8.IR (KBr, cm–1): 
3301, 1652, 1608, 1524, 1434, 1364, 1236, 1173, 1106, 
868, 839. Anal Calcd for C42H26O6·H2O: C, 78.25; H, 
4.38. Found: C, 78.11; H, 4.65. Mp > 400˚C. 

3. Results and Discussion 

3.1. Synthesis 

Indeno[1,2-b]fluorene derivatives were synthesized by the 
methods shown in Scheme 1. The 1:2 Stille coupling reac- 
on of bis(tributylstannyl)acetylene with 4-bromoanisole 
and 4-bromo-2,5-dimethylanisole yielded bis(4-methoxy- 
enyl)acetylene (1) and bis(3,5-dimethyl-4-ethoxyphenyl) 
cetylene (2), respectively. The Co2(CO)8-catalyzed cyclo- 
trimerization of 1 and 2 yielded HPB-OMe(1) and HPB- 
OMe(2) in 79% and 65% yields, respectively. The treat-
ment of HPB-OMe(1) with FeCl3 caused oxidative cyclo- 
dehydrogenation to yield IF-OMe. It has been rerted that 
the treatment of HPBs with FeCl3 can cause cyclodehy-
drogenation to yield compounds with an inno[1,2-b]fluo- 
rene structure [27]. The deprotection of the OMe groups of 
HPB-OMe(1), HPB-OMe(2), and IF-Me with BBr3 re-
sulted in the production of HPB-OH(1), HPB-H(2), and 
IF-OH, respectively. 
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Scheme 1. Synthesis of HPBs and oligophenylenes with an indeno[1,2-b]fluorene structure. i) Pd(PPh3)4, reflux, toluene, 48 h; 
ii) Co2(CO)8, toluene, reflux, 24 h; iii) BBr3, CH2Cl2, 20 ˚C, 30 h; iv) FeCl3, CH3NO2, CH2Cl2, 1.5 h. 
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The structures of the newly synthesized compounds 

were determined by 1H and 13C NMR spectroscopy and 
elemental analysis. The solubilities of the obtained com-
pounds are summarized in Table 1. HPB-OMe(1) and 
HPB-OMe(2) were soluble in polar organic solvents such 
as 1,4-dioxane, tetrahydrofuran (THF), N,N-imethylfor-
mamide (DMF) and dimethyl sulfoxide (DMSO) as well 
as in less polar organic solvents such as chloroform and 
dichloromethane. However, HPB-OH(1) and HPB-OH(2) 
were soluble in DMF and DMSO but insoluble in di-
chloromethane and chloroform because of the presence 
of hydrophilic OH groups. IF-OMe was soluble in di-
chloromethane and 1,4-dioxane but insoluble in polar 
organic solvents such as DMF and DMSO, whereas 
IF-OH was soluble in the polar organic solvents because 
of the presence of the OH groups but insoluble in less 
polar organic solvents. 

3.2. IR and NMR Spectra 

Figure 1 shows the IR spectra of HPB-OMe(1), HPB- 
H(1), HPB-OH(2), and IF-OH The main features of the 
IR spectra of HPB-OMe(1) and HPB-OMe(2) were iden-
tical, with absorption bands resulting from C-O stretch-
ing, the presence of a phenyl ring, and out-of- lane C-H 
bending vibrations of p-phenylene observed at approxi-
mately 1244 cm–1, 1517 cm–1, and 804 cm–1, respectively. 
Similarly, the main features of the IR spectra of 
HPB-OH(1) and HPB-OH(2) were identical, except for 
the absorption resulting from the O-H stretching, with the 
absorption bands resulting from C-O stretching, the 
presence of a phenyl ring, and out-of-plane C-H bending 
vibrations of p-phenylene observed at approximately 
1261 cm–1, 1518 cm–1, and 826 cm–1, respectively. The 
IR spectrum of HPB-OH(1) exhibited a strong sharp ab-
sorption due to the hydrogen bonding free OH group at 
3576 cm–1 and a broad absorption due to the hydrogen 
bonding OH group at around 3340 cm–1. In contrast, 
while the IR spectrum of HPB-OH(2) exhibited a strong 
sharp absorption due to the hydrogen bonding free OH 
group at 3576 cm–1, no absorption was observed for the 
hydrogen bonding OH group. The inhibition of intermo-
lecular hydrogen bonding in HPB-OH(2) is attributed to  
 

Table 1. Solubility of the obtained compounds. 

 
Dichloro-
methane 

1,4-Dioxane THF DMF DMSO

HPB-OMe(1) ++ + ++ -- -- 

HPB-OMe(2) ++ ++ ++ -- -- 

HPB-OH(1) -- -- + ++ + 

HPB-OH(2) -- -- ++ ++ ++ 

IF-OMe ++ ++ -- -- -- 

IF-OH -- -- ++ ++ ++ 

++: Soluble; +: Partly soluble; --: Insoluble. 

 

Figure 1. IR spectra of HPB-OMe(1), HPB-OH(1), HPB- 
OH(2), and IF-OH. 
 
the presence of the methyl groups at the 2- and 6-posi- 
tions in HPB-OH(2). The IR spectrum of IF-OMe exhib-
ited absorption bands corresponding to C=O and C-O 
stretching vibrations and out-of-plane C-H bending vi-
brations of p-phenylene, observed at 1661 cm–1, 1246 
cm–1, and 833 cm–1, respectively. IF-OH exhibited ab-
sorption peaks corresponding to hydrogen bonding O-H 
stretching vibrations in the range 2500 - 3300 cm–1, and 
peaks corresponding to C=O and C-O stretching vibra-
tions and out-of-plane C-H bending vibrations of p- 
phenylene at 1652 cm–1, 1236 cm–1, and 868 cm–1, re-
spectively. The fact that the band corresponding to the 
C=O stretching vibrations of IF-OH was observed at a 
shorter wavenumber than that for IF-OMe is attributed to 
the intermolecular hydrogen bonding via the OH group. 

The 1H NMR spectra of HPB-OMe(1) and HPB- Me(2) 
exhibited a peak corresponding to the methoxy H-atoms 
at δ 3.63 and 3.50, respectively, and that of IF-OMe(1) 
exhibited two peaks corresponding to the methoxy 
H-atoms at δ 3.68 and 3.88. These peaks disappeared in 
the 1H NMR spectra of the corresponding deprotected 
species, thus suggesting that the deprotection reaction 
proceeded to completion. The peaks corresponding to the 
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phenyl H-atoms of HPB-OMe(1) and HPB-OMe(2) were 
observed at higher magnetic field positions than those of 
1 and 2. These observations may be due to the presence 
of the ring current effect in HPB-OMe(1) and 
HPB-OMe(2). The peaks corresponding to the OH 
groups of HPB-OH(1) and HPB-OH(2) were observed at 
δ 8.83 and 7.56, respectively, whereas those of IF-OH 
were observed at δ 9.56 and 9.61. The fact that the peak 
corresponding to the OH groups of HPB-OH(2) was ob-
served at a higher magnetic field position than that of 
HPB-OH(1) is because of the presence of the elec-
tron-donating methyl groups adjacent to the OH groups 
in HPB-OH(2). 

Deprotonation of the OH groups of HPB-OH(1), HPB- 
OH(2), and IF-OH was carried out through treatment 
with an excess amount of NaH in DMSO-d6. The result is 
that the signal corresponding to the OH group disap-
peared from the 1H NMR spectra for solutions of HBC- 
OH, HPB-OH(1), HPB-OH(2), and IF-OH(1) in the pre- 
sence of NaH, indicating that the deprotonation pro-
ceeded quantitatively. 

3.3. UV-Vis Absorption and Solvatochromism 

Figure 2 shows the UV-Vis spectra of HPB-OMe(1), 
HPB-OMe(2), HPB-OH(1), HPB-OH(2), IF-OMe, IF- 
OH, and their deprotonated species in organic solvents. 
The optical data of these compounds are summarized in 
Tables 2-4. The THF solutions of HPB-OH(1) and 
HPB-OH(2) each exhibited three absorption peaks. It has 
been reported that m-terphenyl can be regarded as a 
combination of two molecules of biphenyl of the C1 
group [28]. The observation of three absorption peaks in 
HPB-OH(1) probably derives from the assumption that it 
can be regarded as a combination of three molecules of 
dihydroxy-o-, m-, and p-terphenyl. o-, m-, and p-ter- 
phenyls exhibit an absorption peak at 260 nm, 240 nm, 
and 290 nm, respectively. These wavelengths are consis-
tent with those observed for the THF solution of 
HPB-OH(1). The absorption peaks of HPB-OH(2) are 
observed at shorter wavelengths than those of HPB- 
OH(1). This observation is attributed to the larger bond 
twisting between the 2,6-dimethyl-4-methoxyphenyl ring 
and the central benzene ring in HPB-OH(1) compared 
with that between the 4-methoxyphenyl ring and the cen- 
tral benzene ring in HPB-OH(2). As shown in Figure 2iii, 
the UV-Vis spectra of IF-OMe and IF-OH can be divided 
into two clearly distinguishable parts. These two regions 
appear to be separate states of electronic transition, 
shown in Figure 3. The absorption peak at 238 nm is 
probably a result of the electronic transition directed 
along the a and b axes, while those in the range of 310 - 
344 nm are likely due to the electronic transition directed 
along the c, d, and e axes, respectively, as shown in Fig- 

ure 4. The models of the electronic transition axes were 
proposed in the case of branched oligophenylenes. In 
CH2Cl2 and 1,4-dioxane, the λmax values of IF-OMe 
were longer than those of HPB-OMe(1) because of the 
presence of the planar indeno[1,2-b]fluorene structure in 
IF-OMe. 
 

A
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ba

nc
A

bs
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ba
nc

A
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ba
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Figure 2. UV-Vis spectra of HPB-OMe(1) (i; black curve), 
HPB-OMe(2) (ii; black curve), HPB-OH(1) (i; blue curve), 
HPB-OH(2) (ii; blue curve), and their deprotonated species 
(i, ii, iii; red curves) in THF, IF-OMe in dichloromethane 
(iii; black curve), and IF-OH (iii; blue curve) and IF-ONa 
(iii; red curve) in DMSO. 
 

 

Figure 3. Electronic transition directions in IF-OH. 
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Table 2. Optical data of HPB-OMe(1), HPB-OH(1), and HPB-ONa(1). 

  HPB-OMe(1) HPB-OH(1) HPB-ONa(1) 

 DNa absorption, nmb emission, nmc absorption, nmb emission, nmc absorption, nmb emission, nmc

dichloromethane 0 
232 (4.75), 260 (4.59),  

283 (4.45)d 
359 (267) e e e e 

1,4-dioxane 14.8 261, 283 356 (284) e e e e 

THF 20 
214 (4.66), 234 (4.63),  
261 (4.58), 285 (4.44)d 

352 (268) 238, 262, 288 353 267 (5.21),308 (5.04)d 404 (286) 

DMF 26.6 271, 282d 358 (282) 
270 (4.48),  
287 (4.41)d 

360 (283) 308 (4.71) 412 (284) 

DMSO 29.8 265, 282d 355 (282) 283 354 (290) 304 440 (290) 

aDN = Donor number; bLoge values are shown in the parenthesis; cExcitation wavelengths are shown in the parenthesis; dShoulder peak; eNot measured due to 
low solubility. 

 
Table 3. Optical data of HPB-OMe(2), HPB-OH(2), and HPB-ONa(2). 

  HPB-OMe(2) HPB-OH(2) HPB-ONa(2) 

 DNa absorption, nmb emission, nmc absorption, nmb emission, nmc absorption, nmb emission, nmc

dichloromethane 0 
232 (4.82), 254 (4.61),  

285 (4.23)d 
354 (267) e 367 (269) e e 

1,4-dioxane 14.8 256 (4.90), 285 (4.59) 354 (285) 
240 (4.60), 255 (4.52), 

288 (4.20)d 
371 (269) 244 (4.76), 269 (4.64)d 371 (269) 

THF 20 
227 (4.89), 257 (4.69),  

286 (4.36)d 
350 (269) 261 (4.78) 370 (269) 271 (4.89) 426 (271) 

DMF 26.6 269 (4.90), 284 (4.77)d 350 (284) 269 (4.79), 292 (4.56)d 375 (282) 268 (4.86), 300 (4.78) 479 (285) 

DMSO 29.8 264 (4.32), 284 (4.07)d 362 (284 265 (4.35), 285 (4.18)d 380 (280) 285 (4.96) 520 (419) 

aDN = Donor number; bLoge values are shown in the parenthesis; cExcitation wavelengths are shown in the parenthesis; dShoulder peak; eNot measured due to 
low solubility. 

 
Table 4. Optical data of IF-OMe, IF-OH, and IF-ONa. 

  IF-OMe(1) IF-OH(1) IF-ONa(1) 

 DNa absorption, nmb emission, nmc absorption, nmb emission, nmc absorption, nmb emission, nmc

dichloromethane 0 
232 (4.81), 312 (4.42),  
328 (4.58), 345 (4.64) 

453 (349), 493 d d d d 

1,4-dioxane 14.8 
245 (4.50), 312 (4.30),  
328 (4.44), 346 (4.51) 

455 (350), 473, 504 d d d d 

THF 20 d d 238 (4.29), 310 (4.06), 
327 (4.14), 344 (4.17)

447 (339) d 443 (340) 

DMF 26.6 d d 268 (3.92), 312 (3.89), 
329 (4.01), 346 (4.06)

449 (341), 474 382 (4.40) 502 (412) 

DMSO 29.8 d d 265 (4.16), 315 (4.18), 
330 (4.30), 347 (4.35)

452 (364), 
476, 507 

406 (4.58) 504 (389) 

aDN = Donor number; bLoge values are shown in the parenthesis; cExcitation wavelengths are shown in the parenthesis; dNot measured due to low solubility. 
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Figure 4. PL spectra of HPB-OMe(1) (i; black curve), 
HPB-OMe(2) (ii; black curve), HPB-OH(1) (i; blue curve), 
HPB-OH(2) (ii; blue curve), IF-OH (iii; blue curve), and 
their deprotonated species (i, ii, iii; red curve) in DMSO 
and IF-OMe (iii; black curve) in 1,4-dioxane. 
 

The treatment of the DMSO solutions of HBC-OH, 
HPB-OH(1), HPB-OH(2), and IF-OH(1) with NaH 
causes a bathochromic shift in absorption bands by ap-
proximately 20-60 nm. The formation of HBC-ONa, 
HPB-ONa(1), HPB-ONa(2), and IF-ONa(1) was mainly 
responsible for the shift of λmax towards a longer wave-
length. To prove that these observations were due to the 
deprotonation of the OH groups after treatment with NaH, 
we confirmed that there was no change in the absorption 

spectra of HBC-OMe, HPB-OMe(1), HPB-OMe(2), and 
IF-OMe(1) upon the addition of NaH. The absorption 
peaks at 238 nm, 262 nm, and 288 nm in the UV-Vis 
spectrum of HPB-OH(1) correspond to the π-π* transi-
tion of the m-, o-, and p-terphenyl moieties in this com-
pound, respectively. These peaks shifted to longer wave-
lengths after treatment with NaH, by 5 nm, 5 nm, and 20 
nm, respectively. The degree of bathochromic shift in the 
peak that corresponds to the electric transition along the 
p-terphenyl moiety was the largest of the three described. 
This result suggests that ICT from the ONa group to the 
inner benzene rings was preferred through the p-ter- 
phenyl moiety. No significant bathochromic shift was 
observed in HPB-ONa(2). This is because of the bond 
twisting between the 2,6-dimethyl -4-methoxyphenyl and 
central benzene rings. The UV-Vis spectrum of IF-ONa 
was somewhat ambiguous because it was partly soluble 
in organic solvents. However, bathochromic shifts were 
observed in the case of IF-ONa. 

The bathochromic shift attributable to deprotonation is 
dependent on the DN of the solvent used. As summarized 
in Tables 2-4, absorptions for HPB-OH(1), HPB-OH(2), 
and their deprotonated species shifted to longer wave-
lengths as the DN of the solvent was increased. In con-
trast to the small bathochromic shift for HPB-OH(1) and 
HPB-OH(2), with an increase in the DN of the solvent, 
the λmax values of HPB-ONa(1) and HPB-ONa(2) were 
larger than those of HPB-OH(1) and HPB-OH(2). For 
example, the λmax value of HPB-ONa(2) varies from 
244 nm in 1,4-dioxane (DN = 14.8) to 285 nm in DMSO 
(DN = 29.8), through to a value of 271 nm in THF (DN = 
20.0). Similarly, that of HPB-ONa(1) varies from 267 nm 
in THF (DN = 20.0) to 304 nm in DMSO (DN = 29.8). 
The large Δλ value can be attributed to the fact that sol-
vents with a high DN effectively solvate with Na+ to sta-
bilize the deprotonated species in the solutions. Similar 
solvatochromic behavior was observed in the cases of 
OPP(n)-OH (n = 4 and 5) and OPP(n)-ONa (n = 4 and 5), 
as reported earlier [29]. The fact that the Δλ values for 
HPB-ONa(2) were smaller than those for HPB-ONa(1) 
corresponds to the reduced length of π-conjugation in 
HPB-ONa(2) that arises from the bond twisting between 
2,6-dimethyl-4-methoxyphenyl and the central benzene 
rings. 

3.4. Photoluminescence 

The compounds obtained in this study and their deproto-
nated species are photoluminescent in solution. The pho-
toluminescence (PL) data are summarized in Tables 2-4. 
Figure 4 shows the PL spectra of HPB-OMe(1), 
HPB-OMe(2), HPB-OH(1), HPB-OH(2), IF-OMe, IF-OH, 
and their deprotonated species in organic solvents. The 
PL peak positions for HPB-OH(1), HPB-OH(2), and  
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Figure 5. Changes of PL spectra of methanol solution of 
HPB(1)-OH (5 × 10−5 M) in the presence of various amounts 
of NaOH. (a): 0 M; (b): 3 × 10−2 M; (c): 4 × 10−2 M; (d): 5 × 
10−2 M; (e): 6 × 10−2 M; (f): 7 × 10−2 M; (g): 8 × 10−2 M. 
 
IF-OH shifted to longer wavelengths after deprotonation 
with NaH. This shift is comparable to the bathochromic 
shift observed in the UV-Vis spectra of these compounds. 
The emission peak positions for HPB-OH(1), HPB- 
OH(2), IF-OH, and their deprotonated species depended 
on the DN of the solvent. As summarized in Tables 2-4, 
by varying solvents such as CH2Cl2 and 1,4-dioxane, 
which have small DN values, with those such as DMF 
and DMSO, which have large DN values, it is observed 
that the emission peak positions for HPB-OH(1) and 
HPB-OH(2) shift by only 3 - 13 nm. However, a signifi-
cantly large shift in the emission peaks for HPB-ONa(1), 
HPB-ONa(2), and IF-ONa(1) occurred as the DN of the 
solvent was increased. These observations are consistent 
with the result that, with an increase in the DN of the 
solvent, λmax of HPB-ONa(1), HPB-ONa(2), and IF- 
ONa(1) in solution shifts to a longer wavelength than that 
of HPB-OH(1), HPB-OH(2), and IF-OH(1). The re-
markable solvatochromic shift of the PL peak position of 
HPB-ONa(1) and HPB-ONa(2) may be due to the shift in 
charge from the phenolate group to the adjacent rings. In 
addition to the effect of charge shift, a large amount of 
stabilization energy produced by the solvation of HPB- 
ONa(1) and HPB-ONa(2) may contribute to the solvato-
chromic red shift as the DN of the solvent is increased. 
There was no change in the PL spectra of HPB-OMe(1), 
HPB-OMe(2), and IF-OMe(1) upon the addition of NaH, 
which suggests that the solvatochromism in HPB- 
ONa(1), HPB-ONa(2), and IF-ONa(1) can be attributed 
to the deprotonation of the OH group after treatment with 
NaH. 

Figure 5 shows the PL spectra of the methanol solu-
tions of HPB(1)-OH containing different amounts of 
NaOH. It is observed that the peak at 371 nm decreases 

and a new emission peak at 475 nm appears as the con-
centration of the base is increased. This result confirms 
the fact that the emission peaks at 371 nm and 475 nm 
originate from HPB(1)-OH and HPB(1)-ONa, respec-
tively. 

The quantum yields of the PLs of the DMF solutions 
of HPB-ONa(1) and HPB-ONa(2) were 2%, 7%, respec-
tively, while those of HPB-OH(1) and HPB-OH(2) were 
24% and 8%, respectively. The fact that the quantum 
yields of the PLs of HPB-ONa(1) and HPB-ONa(2) are 
lower than those of HPB-OH(1) and HPB-OH(2) is at-
tributed to the intramolecular charge shift (ICT) in 
HPB-ONa(1) and HPB-ONa(2). It has been reported that 
the ICT in π-conjugated molecules reduces their PL 
emission efficiencies [8]. 

4. Conslusion 

HPBs with hydroxyl groups (HPB-OH species) and their 
derivatives with an indeno[1,2-b]fluorene structure were 
obtained by using reactions with transition metal com-
plexes. The treatment of these compounds with a base 
produced corresponding deprotonated species, whose 
absorption and PL peak positions in solution shifted to-
wards longer wavelengths with an increase in the DN of 
the solvent. The optical properties of the HPB-OH com-
pounds were significantly affected by bond twisting be-
tween the hydroxyphenyl group and the central benzene 
ring. The introduction of a planar indeno[1,2-b]fluorene 
structure to the HPB-OH enhanced its solvatochromic 
behavior. The results obtained in this study will be useful 
in providing information for the development of new 
solvatochromic materials. 
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