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A new series of 2,8-disubstituted dibenzothiophenes have been successfully synthesized via

palladium-catalyzed C–N or C–C bond formation using 2,8-dibromodibenzothiophene and

diarylamines as starting materials. These new dibenzothiophene derivatives are amorphous with a

glass transition temperature ranging from 86 to 190 uC. Furthermore, they are fluorescent in the

blue to bluish green region. Two types of light-emitting diodes (LED) were constructed from these

compounds, (I) ITO/Cpd/TPBI/LiF/Al and (II) ITO/Cpd/Alq3/LiF/Al, where TPBI and Alq3 are

1,3,5-tris(N-phenylbenzimidazol-2-yl)benzene and tris(8-hydroxyquinolinato)aluminium,

respectively. In type I devices, the compounds function as the hole-transporting and emitting

material. In type II devices, emission from Alq3 is observed. Several type I devices emit pure blue

light, and most of the devices II have very promising performance. The relation between the

energy levels of the materials and the performance of the light-emitting diodes is discussed.

Introduction

The application of organic electroluminescent (OEL) in flat-

panel displays using small organic molecules1 or organic

polymers2 has been intensively pursued after the works by

Tang et al.3 in 1987 and Friend et al. in 1990.4 Presently the

organic light emitting diodes (OLEDs) are considered to be the

emissive display technology most competitive with the liquid

crystal displays (LCDs). For full color display applications,

efficient blue, green and red emitters with excellent color purity

are very important. The amorphous character of the materials

is also important in multilayer devices in order to reduce the

formation of grain boundaries during the long-term opera-

tion.5 Therefore, Shirota and co-workers have synthesized

several novel families of organic p-electron star-shaped mole-

cules which readily form amorphous glasses above room

temperature.1a Thompson’s group also examined a series of

triarylamino moieties which were indeed beneficial to glass

formation.6 Our strategy to construct amorphous materials for

OLED applications is to encapsulate the emitting p-conjugated

luminophore cores with peripheral diarylamines. In our pre-

vious reports, we have developed high performance carbazole

derivatives,7 amorphous 2,3-disubstituted thiophenes,8 effi-

cient blue-emitting anthracenes,9 and excellent thermally stable

spirobifluorene derivatives.10

In this study, we introduce diarylamine moieties at the

2- and 8-positions of a dibenzothiophene core in order to

obtain amorphous materials. Excessive conjugation via the

2,8-disubstituted dibenzothiophene core is not likely to occur,

and blue-emitting characteristic is expected for these

materials. Here, we have successfully synthesized a series of

dibenzothiophene derivatives containing peripheral diaryl-

amines. Physical properties of these new compounds will be

discussed. Two types of OEL devices were also fabricated for

each of the compounds.

Results and discussion

Synthesis and optical properties

The 2,8-disubstituted dibenzothiophene derivatives (Chart 1)

were conveniently prepared by two different palladium

catalyzed cross coupling reactions (Scheme 1). (i) The catalyst

developed by Koie et al.11 and Hartwig et al.,12 Pd(OAc)2/P(t-

Bu)3 in the presence of t-BuONa, efficiently catalyzed aromatic

C–N bond formation from 2,8-dibromodibenzothiophene13

and secondary arylamines to provide the tertiary arylamines

S-1–S-6. (ii) Appropriate triarylamines were converted to their

boronic acids, which were then subjected to Suzuki reaction14

with 2,8-dibromodibenzothiophene to form the desired com-

pounds (major: S-3 and minor: S-4). The absorption and

luminescence data of the compounds are presented in Table 1.

Representative absorption and emission spectra are shown in

Fig. 1 and Fig. 2. In general, they display absorption resulting

from the combination of dibenzothiophene and benzene,

naphthalene, or pyrene chromophores and cover the entire

UV-visible region (250–450 nm). The monosubstituted com-

pound S-4 has a similar electronic profile to the disubstituted

one (S-3), indicating that there was no significant electronic

coupling between the two arylamine segments. In accordance

with this, S-4 also has smaller absorption extinction coefficient

than S-3. No discrete charge transfer bands are found in

these compounds and the pyrene-containing compounds dis-

play a distinct absorption at the longer wavelength due to the

localized pyrene p A p* transition. These diamines are weakly

to moderately photoluminescent with emission wavelengths
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ranging from purple blue to blue green. Among the compounds

with 2,8-diarylamine substituents, those containing a pyrene

moiety (S-5 and S-6) emit blue green light (lem . 495 nm) in

CH2Cl2 solution, while a prominent blue shift in luminescent

spectra is observed when both pyrene substituents are replaced

by benzene (S-1; Dl 5 65 nm), naphthalene (S-2; Dl 5 70 nm)

and triphenylamine (S-3; Dl 5 75 nm). Though it is common for

pyrene derivatives to form excimers upon excitation,15 there is

no evidence of excimer formation in our compounds even up to

a concentration of 1.0 6 1023 M.

Chart 1 Structures of the compounds.

Scheme 1 Synthesis of compounds S-1–S-6.
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Thermal properties

The glass forming capability and thermal stability of these

materials were determined by DSC (differential scanning

calorimetry) and TGA (thermogravimetric analysis) measure-

ments. The detailed data are collected in Table 1. Compounds

S-3 to S-6 exhibited sequential glass transition, melting, but no

crystallization behavior upon repetitive heating and cooling

cycles in DSC plots. Compound S-2 exhibited a glass

transition after the first heating cycle, and no crystallization

exotherm and melting endotherm were noticed. Compound

S-1 exhibited melting isotherms during the first heating cycle,

but rapid cooling of the melt led to the formation of a glassy

state which persisted in the subsequent heating cycles. The

disubstituted dibenzothiophene derivative (S-3) displayed a

higher Tg when compared to its monosubstituted analogue

(S-4). Similarly, incorporation of pyrene in the structure leads

to a significant enhancement in the Tg. For instance, in the

series S-5 and S-6 the role of pyrene is clearly evident (S-5:

Tg 5 165 uC and S-6: Tg 5 190 uC). Both S-5 and S-6 possess

remarkably high Tg values, they also have the highestT
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Fig. 1 The absorption spectra of the compounds (5.0 6 1025 mol L21

in dichloromethane).

Fig. 2 The emission spectra of the compounds (5.0 6 1026 mol L21

in dichloromethane). The excitation wavelength is 350 nm.
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decomposition temperatures (.480 uC) among all the com-

pounds studied. In addition, compare S-1 (Tg 5 86 uC)

with commonly used hole-transport materials, such as 1,4-

bis(diphenyllamino)biphenyl (DDB, Tg 5 77 uC) and S-2

(Tg 5 112 uC) with 1,4-bis(1-naphthylphenylamino)biphenyl

(a-NPD, Tg 5 100 uC).16 Although the peripheral diaryamines

of the selective compounds are almost the same, there is a

slight increase in Tg after replaced the biphenyl ring by a

dibenzothiophene segment.

Electrochemical properties

Electrochemical characteristics of the dibenzothiophene deri-

vatives were studied by using cyclic and differential pulse

voltammetric methods. The first oxidation potentials were

used to determine the HOMO (highest occupied molecular

orbital) energy levels. Ferrocene served as an internal standard

for calibrating the potential and calculating the HOMO levels

(24.8 eV).17a,b The redox potentials of these materials are

listed in Table 1.

In general, all the molecules undergo a reversible one- or

two-electron oxidation at low positive potentials result from

terminal diarylamino units at the 2- or 8-position of the

dibenzothiophene core. The typical cyclic voltammetric

behavior is shown in Fig. 3 for S-1, S-4 and S-6. The two

one-electron oxidation processes observed in the compounds

S-1, S-2, S-5, and S-6 indicate that the two amino groups are

affected electronically by each other via the sulfur atom at the

core. Insertion of an extra phenyl ring between the diben-

zothiophene core and the peripheral diarylamine (S-3 and S-4)

diminishes such electronic communication, and the two

amines are oxidized simultaneously. The oxidation potential

increases in order of S-6 , S-5 , S-1 # S-2 , S-3 # S-4

and is consistent with the electron-donating ability of the

substituents at the nitrogen atom. A comparison was made of

the difference of the first and second oxidation potentials, E2-1,

between S-2 with those also containing a biphenyl skeleton

(Fig. 4). They are in order of S-2 , NPD , SP , Car.7,10,17c

In SP and NPD, the two peripheral amines have electronic

communication via the biphenyl skeleton directly. The more

planar conformation of the two phenyl rings in SP apparently

allows more efficient conjugation. On the other hand, the two

peripheral amines are expected to communicate with each

other via the central sulfur and nitrogen atoms, respectively.

The more electron-donating character of the central amine in

Car couples the two peripheral amines efficiently, and E2-1

even surpasses those of SP and NPD.

Electroluminescent properties

The HOMO energy levels of the compounds were calculated

from cyclic voltammetry (vide supra) and by comparison with

ferrocene (24.8 eV).18 These data together with absorption

spectra were then used to obtain the LUMO (lowest unoccupied

molecular orbital) energy levels (Table 1, Scheme 2). The

compounds in this study appear to be appropriate as hole-

transporting and emitting materials.

These amorphous dibenzothiophene derivatives were sub-

jected to fabrication of two types of double-layer devices using

TPBI (1,3,5-tris(N-phenylbenzimidazol-2-yl)benzene) or Alq3

(tris(8-hydroxyquinoline)aluminium) as the electron-transport

materials: (I) ITO/Cpd (40 nm)/TPBI (40 nm)/LiF (1 nm)/Al

(150 nm); (II) ITO/Cpd (40 nm)/Alq3 (40 nm)/LiF (1 nm)/Al

(150 nm) (where Cpd means the dibenzothiophene derivatives).

The performance parameters of all devices are collected

in Table 2. The current–voltage (I–V) and luminance–current

(I–L) characteristics are shown in Figs. 5 and 6. Fig. 7 exhibits

the electroluminescent (EL) spectra of devices I and II. Green

light characteristic of Alq3 was emitted from type II devices

(lmax y 522 nm), whereas type I devices emitted blue to

Fig. 3 Cyclic voltammogram of the compounds measured in

dichloromethane solution.

Fig. 4 Compounds containing a biphenyl skeleton.

Scheme 2 The relative energy alignments of the materials in devices.
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Fig. 5 Current density vs. applied electric voltage characteristics of

selected compounds.

Fig. 6 Selected luminance vs. current density characteristics of the

devices.

Fig. 7 The EL spectra of the selected devices.
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greenish blue light from the Cpd compounds. The EL spectra

of type I devices for all the compounds were nearly super-

imposable with the film PL spectra. Such an outcome can be

rationalized by the HOMO energy gaps between the hole-

transport and electron-transport materials. The HOMO

energy gap of Alq3 (DE 5 0.99–1.11 eV) is less than that

between compounds and TPBI (DE 5 1.31–1.19 eV), and

passage of holes from Cpd into the Alq3 layer in devices II is

expected. In contrast, the passage of holes from the Cpd layer

to the TPBI layer is effectively blocked due to the low-lying

HOMO energy level of TPBI (HOMO 5 6.2 eV).19 On the

other hand, all the dibenzothiophene derivatives effectively

serve as the electron-blocking material in device II due to the

large LUMO energy gap between Cpd and Alq3 (DE 5 1.10–

1.47 eV). Passage of the electrons from ETL to HTL is more

facile in device I because of the much smaller LUMO energy

gap (DE 5 0.50–0.83 eV) between Cpd and TPBI.

All the devices in this study show relatively low turn-on

voltages (2.5–3.5 V) and operating voltages (5.1–7.2 V at a

current density of 100 mA cm22). The devices I of S-1–S-4

emit blue light. Among them, the Commission International de

l’Éclairage (CIE) coordinates (x,y) of S-2–S-4 are located in

pure blue region: (0.15, 0.08), (0.16, 0.05), and (0.16, 0.07) for

S-2, S-3, and S-4, respectively. While no optimization has

been made on the type II devices, the performance parameters

appear to be promising: maximum luminescence (36276–

56224 cd m22), maximum external quantum efficiency (1.44–

2.22%), and maximum luminous efficiency (3.80–7.10 lm W21).

These values are in general better than those of typical green

light-emitting devices based on the structure ITO/diamine/

Alq3/LiF/Al with similar device structure.19e,f A standard

device of the structure ITO/a-NPD (40 nm)/Alq3 (40 nm)/

LiF(1 nm)/Al(150 nm) was also fabricated for comparison

and found to have a maximum luminescence of 34078 cd m22

at 15 V, a maximum external quantum efficiency of 1.04% at

5 V, and a maximum luminous efficiency of 3.10 lm W21 at

3.0 V. It is interesting to note that the performance parameters

for the device I of S-3 are two times greater than those of S-4.

For instance, at 100 cd cm22 current density: luminescence,

1831 (S-3) vs. 920 cd m22 (S-4); external quantum efficiency,

4.1 (S-3) vs. 1.7% (S-4); luminous efficiency, 0.92 (S-3) vs.

0.44 lm W21 (S-4); current efficiency, 1.8 (S-3) vs. 0.92 cd A21

(S-4). Such an outcome may be due to a better balance of

the carriers, or a smaller contact resistance for the device of

S-3.

Conclusions

In summary, we have synthesized a series of new luminophores

with a 2,8-disubstituted dibenzothiophene core and peripheral

diarylamines or triarylamine via palladium-catalyzed C–N

bond formation and C–C bond Suzuki coupling reaction.

These amorphous compounds emit blue to greenish blue.

Double-layer devices which emit pure blue light can be

fabricated using these compounds as the hole-transporting

and emitting materials. Double-layer devices using the

compounds as the hole-transporting materials, and Alq3 as

the electron-transporting and emitting materials exhibit very

promising performance. Further extension to other n-type

electrolumiscent materials constructed from a dibenzothio-

phene core is ongoing.

Experimental

Unless otherwise specified, all the reactions were carried out

under nitrogen atmosphere using standard Schlenk techniques.

Solvents were dried by standard procedures. All column

chromatography was performed with the use of silica gel (230–

400 mesh, Macherey-Nagel GmbH & Co.) as the stationary

phase. The 1H NMR spectra were recorded on a Bruker

AC300 or AMX400 spectrometer. Electronic absorption

spectra were measured in various solvents using a Cary 50

Probe UV-visible spectrophotometer. Emission spectra were

recorded by a Hitachi F-4500 fluorescence spectrometer.

Emission quantum yields were measured with reference to

coumarin 1 or coumarin 6 in CH3CN.20 Cyclic voltammetry

experiments were performed with a BAS-100 electrochemical

analyzer. All measurements were carried out at room tem-

perature with a conventional three-electrode configuration

consisting of platinum working and auxiliary electrodes and a

nonaqueous Ag/AgNO3 reference electrode. The E1/2 values

were determined as 1/2(Ep
a + Ep

c), where Ep
a and Ep

c are

the anodic and cathodic peak potentials, respectively. The

solvent in all experiments was CH2Cl2 and the supporting

electrolyte was 0.1 M tetrabutylammonium perchlorate. DSC

measurements were carried out using a Perkin-Elmer 7 series

thermal analyzer at a heating rate of 10 uC min21. TGA

measurements were performed on a Perkin-Elmer TGA7

thermal analyzer. Mass spectra (FAB) were recorded on a

JMS-700 double focusing mass spectrometer (JEOL, Tokyo,

Japan). Elementary analyses were performed on a Perkin-

Elmer 2400 CHN analyzer.

Compound N,N,N9,N9-tetraphenyl-dibenzothiophene-2,8-

diamine (S-1), N,N9-di-naphthalen-1-yl-N,N9-diphenyl-diben-

zothiophene-2,8-diamine (S-2), N,N9-diphenyl-N,N9-di-pyren-

1-yl-dibenzothiophene-2,8-diamine (S-5) and N,N9-bis-biphe-

nyl-4-yl-N,N9-di-pyren-1-yl-dibenzothiophene-2,8-diamine (S-6)

were synthesized by a procedure similar to the following

description. A two-necked round-bottomed flask was charged

with Pd(OAc)2 (1 mmol% per halogen atom), t-BuONa

(1.2 equiv. per halogen atom), halides (5 mmol), and amines

(2 equiv. per halogen atom). Dry toluene was added, and the

reaction was stirred under nitrogen for 10 min. Tri-tert-

butylphosphine (2 mmol%) in dry toluene was added

through a syringe (the stock solution contained 1.0 mmol

of the phosphine in 1 mL of dry toluene). The reaction

mixture was heated at 90 uC for 20 h. After cooling, the

mixture was diluted with ether and the organic phase was

washed with water and brine. After drying over MgSO4 and

removing of the volatiles, the residue was purified by column

chromatography using CH2Cl2–n-hexane as eluent and

followed by recrystallization from CH2Cl2 and MeOH.

Compound (S-1), white solid, yield 5 68% (860 mg). 1H

NMR (CDCl3): d 6.93–6.96 (m, 4 H, para-C6H5), 7.04–7.06

(m, 8 H, ortho-C6H5), 7.17–7.23 (m, 10 H, meta-C6H5, C6H3),

7.69 (d, 2 H, J 5 8.6 Hz, C6H3), 7.72 (d, 2 H, J 5 2.0 Hz,

C6H3). FAB MS (m/z): 518 (M+) Anal. Calcd for C36H26N2S:

C, 83.36; H, 5.05; N, 5.40. Found: C, 83.34; H, 5.02; N, 5.36%.
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Compound (S-2), white solid, yield 5 72% (960 mg). 1H

NMR (CDCl3): d 6.87 (t, 2 H, J 5 7.4 Hz, para-C6H5), 6.91 (d,

4 H, J 5 7.7 Hz, ortho-C6H5), 7.10–7.15 (m, 6 H, C6H3, meta-

C6H5), 7.26–7.32 (m, 4 H, C10H7), 7.39–7.45 (m, 4 H, C10H7),

7.59 (d, 2 H, J 5 8.6 Hz, C6H3), 7.71–7.74 (m, 4 H, C6H3,

C10H7), 7.85 (d, 2 H, J 5 6.7 Hz, C10H7), 7.93 (d, 2 H, J 5

8.4 Hz, C10H7). FAB MS (m/z): 618 (M+) Anal. Calcd for

C44H30N2S: C, 85.40; H, 4.89; N, 4.53. Found: C, 85.88; H,

4.95; N, 4.32%.

Compound (S-5), yellow solid, yield 5 80% (1.12 g). 1H

NMR (CDCl3): d 6.85 (t, 2 H, J 5 7.3 Hz, para-C6H5), 6.91 (d,

4 H, J 5 7.6 Hz, ortho-C6H5), 7.10 (t, 4 H, J 5 7.3 Hz, meta-

C6H5), 7.22 (dd, 2 H, J1 5 2.0 Hz, J2 5 8.7 Hz, C6H3), 7.76–

7.81 (m, 4 H, pyrenyl), 7.85 (d, 2 H, J 5 2.0 Hz, C6H3), 7.92 (d,

2 H, J 5 9.3 Hz, pyrenyl), 8.01 (t, 2 H, J 5 7.6 Hz, pyrenyl),

8.07–8.19 (m, 10 H, C6H3, pyrenyl), 8.24 (d, 2 H, J 5 7.6 Hz,

pyrenyl). FAB MS (m/z): 766 (M+) Anal. Calcd for

C56H34N2S: C, 87.70; H, 4.47; N, 3.65. Found: C, 87.98; H,

4.41; N, 3.58%.

Compound (S-6), yellow solid, yield 5 69% (1.02 g). 1H

NMR (CDCl3): d 6.98 (d, 4 H, J 5 8.8 Hz, C6H4), 7.27 (t, 2 H,

J 5 7.4 Hz, para-C6H5), 7.30 (dd, 2 H, J1 5 2.2 Hz, J2 5 8.7 Hz,

C6H3), 7.38 (t, 4 H, J 5 7.3 Hz, meta-C6H5), 7.45 (d, 4 H,

J 5 8.8 Hz, C6H4), 7.52–7.55 (m, 4 H, ortho-C6H5), 7.83–7.86

(m, 4 H, C6H3, pyrenyl), 7.95 (d, 2 H, J 5 9.3 Hz, pyrenyl),

7.99–8.04 (m, 6 H, pyrenyl), 8.10 (d, 2 H, J 5 1.7 Hz, C6H3),

8.15 (d, 4 H, J 5 9.2 Hz, pyrenyl), 8.21 (d, 2 H, J 5 8.2 Hz,

pyrenyl), 8.24 (d, 2 H, J 5 7.6 Hz, pyrenyl). FAB MS (m/z):

918 (M+) Anal. Calcd for C68H42N2S: C, 88.86; H, 4.61; N,

3.05. Found: C, 88.40; H, 4.73; N, 2.97%.

Compounds N,N-diphenyl-4-8-[4-(diphenylamino)phenyl]-

dibenzo[b,d]thiophen-2-ylaniline (S-3) and (4-dibenzothio-

phen-2-yl-phenyl)-diphenyl-amine (S-4) were synthesized by a

similar procedure as described below. To a flask containing the

4-(diphenylamino)phenylboronic acid (2.5 equiv. per halogen

atom), 2,8-dibromo-dibenzothiophene (0.20 mmol), and

Pd(PPh3)4 (2 mmol% per halogen atom) was added 50 mL of

toluene, 10 mL EtOH and 5 equiv. 2 M Na2CO3(aq). The

solution was stirred under reflux for 2 days. After cooling, the

product was extracted with ether and the organic phase was

washed with water and brine. Organic layer was dried over

anhydrous MgSO4 and removing of the volatiles. The residue

was purified by column chromatography using CH2Cl2–n-

hexane as eluent and followed by recrystallization from

CH2Cl2 and MeOH. Compound S-3 is the major and

compound S-4 is the minor product of this reaction.

Compound (S-3), pale yellow solid, yield 5 42% (965 mg). 1H

NMR (CDCl3): d 7.03 (t, 4 H, J 5 7.4 Hz, para-C6H5), 7.13–

7.19 (m, 12 H, C6H4, ortho-C6H5), 7.25–7.29 (m, 8 H, J 5

7.8 Hz, meta-C6H5), 7.57 (d, 4 H, J 5 8.6 Hz, C6H4), 7.67 (dd,

2 H, J1 5 1.5 Hz, J2 5 7.9 Hz, C6H3), 7.87 (d, 2 H, J 5 8.3 Hz,

C6H3), 8.35 (d, 2 H, J 5 1.5 Hz, C6H3). FAB MS (m/z): 670

(M+) Anal. Calcd for C48H34N2S: C, 85.94; H, 5.11; N, 4.18.

Found: C, 85.87; H, 4.69; N, 4.03%.

Compound (S-4), pale yellow solid, yield 5 25% (360 mg). 1H

NMR (CDCl3): d 7.03 (t, 2 H, J 5 7.3 Hz, para-C6H5), 7.13–

7.19 (m, 6 H, C6H4, ortho-C6H5), 7.27 (t, 4 H, J 5 7.4 Hz,

meta-C6H5), 7.44–7.48 (m, 2 H, C6H4 of dibenzothiophene),

7.57 (d, 2 H, J 5 6.8 Hz, C6H4), 7.66 (dd, 1 H, J1 5 1.8 Hz,

J2 5 8.3 Hz, C6H3), 7.84–7.88 (m, 2 H, C6H3, C6H4 of

dibenzothiophene), 8.18–8.21 (m, 1 H, C6H4 of dibenzothio-

phene), 8.31 (d, 1 H, J 5 1.8 Hz, C6H3). FAB MS (m/z): 427

(M+) Anal. Calcd for C30H21NS: C, 84.27; H, 4.95; N, 3.28.

Found: C, 84.02; H, 4.86; N, 3.13%.

LEDs fabrication and measurement

Electron-transporting materials TPBI (1,3,5-tris(N-phenyl-

benzimidazol-2-yl)benzene)21 and Alq3 (tris(8-hydroxyquino-

line)aluminium)22 were prepared by literature procedures, and

were sublimed twice prior to use. Prepatterned ITO substrates

with an effective individual device area of 3.14 mm2 were

cleaned as described in a previous report.22 The thermal

evaporation of organic materials was carried out following the

previous procedures.23 Double-layer EL devices using com-

pounds S-1–S-6 as the hole-transporting/emitting layer and

TPBI or Alq3 as the electron-transporting layer were

fabricated. The devices were prepared by vacuum deposition

of 40 nm of the hole-transporting layer, followed by 40 nm of

TPBI or Alq3. Inorganic LiF was evaporated to be the 1 nm

buffer layer. Alumina rods were deposited as the cathode,

which was capped with 100 nm of excess alumina. I–V curves

were measured in a Keithley 2400 Source Meter in ambient

environment. Light intensity was measured with a Newport

1835 Optical Meter.
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2 (a) U. Mitschke and P. Bäuerle, J. Mater. Chem., 2000, 10, 1471;
(b) T. Miteva, A. Meisel, W. Knoll, H. G. Nothofer, U. Scherf,
D. C. Müller, K. Meerholz, A. Yasuda and D. Neher, Adv. Mater.,
2001, 13, 565; (c) C. Wang, M. Kilitziraki, L.-O. Pãlsson,
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