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PROCESS FOR THE MANUFACTURE OF SPIRODIBENZOSUBERANE COMPOUNDS

[0001]

[0002]

[0003]

[0004]

The present invention relates to a process for the manufacture of
dibenzosuberane compounds and to novel dibenzosuberane compounds
as such.

Organic light-emitting diodes (OLEDs) are an important feature in modern
display and lighting technologies, such as, for example, full-color flat
displays, flexible displays, and solid-state lighting. Phosphorescent organic
light-emitting diodes (PhOLEDs), an important class of OLEDs, are
theoretically capable of achieving a 100% internal quantum efficiency by
fully harvesting both singlet and triplet excitons. Therefore, PhOLEDs have
attracted much attention for their applications in full-color displays and
lighting. One promising strategy to obtain highly efficient PhOLEDs is to
utilize high triplet energy materials to confine triplet excitons inside an
emission layer (EML) in multilayered device structures.

High triplet energy materials are mainly used in EMLs as a host material or
in adjacent hole transport layers (HTL) and electron transport layers (ETL).
Use of high triplet energy confines triplet excitons inside the EML and
suppresses triplet exciton quenching. In multilayered PhOLEDs, the ETL
plays an important role in facilitating electron-injection/transport from a
cathode while also acting as efficient exciton blocker. It is therefore
preferable that the ETL have good electron-transport property, wide
energy gap and high triplet energy. A highest occupied molecular orbital
(HOMO) level of the electron-transport material is preferably deep enough
to block hole carrier leakage and a lowest unoccupied molecular orbital
(LUMO) level is preferably low enough to enable efficient electron injection
from the cathode. Electron transport materials with high triplet energy
preferably exhibit electrochemical, photochemical, and morphological
stability.

Various electron-transport materials (ETMs) such as pyridine,
phenylpyrimidine, triazine, quinoline, and phosphine oxide (PO) derivatives

have been mainly used to achieve high-performance PhOLEDs.
1
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[0005]

[0006]

[0007]

Dibenzothiophene-S,S-dioxide and thiophene-S,S-dioxide oligomers and
polymers have not been usually viewed as suitable ETMs for PhOLED
devices. Although they function as good ETMs for devices with high
electron mobilities (104 - 10-3 cm2 V- s1), their low band gap and low
triplet energy are in many cases not suitable for efficient PhOLEDs,
especially for a blue triplet emitter with high triplet energy.

Korean Patent Application KR2012047038 describes amine derivatives
and organoelectroluminiscent devices employing these compounds. There
are a number of compounds disclosed comprising a dibenzosuberane unit

coupled to a fluorene unit thereby yielding the following core structure

which may be substituted by an amine compound which amine compound
comprises a structural element with at least three fused rings with a central
ring comprising a nitrogen atom through which the amine is attached to the
dibenzosuberane core. One of the non-central fused rings is a non
aromatic carbocyclic ring. The general basic structure given for the amine

substituent is

Km
(Y) n<I D
N

and the attachment to the dibenzosuberane core is through the nitrogen

atom.
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[0008] Japanese Patent Application JP2010/024149 discloses compounds having
a core element as in KR2012047038 and attached thereto substituents
comprising one or more aromatic or non aromatic rings. The attachment to
the core is through a carbon atom of the substituent.

[0009] All the dibenzosuberane compounds with the core structure shown above
described in the prior art are substituted in one or more of positions 2, 2', 7
and 7' but there are no compounds disclosed bearing substituents in one
or more of positions 3 and 6. Compounds with such a substitution,
however, could have an interesting property spectrum which property
spectrum is not easily expected for compounds merely substituted in
positions 2, 2', 7 and 7'.

[0010] Substitution in 3 and/or 6 positions cannot be obtained through direct
halogenation of the dibenzosuberane core (as substitution in positions 2,
2', 7 and 7' is) and accordingly there existed a need for a suitable process
to obtain dibenzosuberane compounds having a core as shown above
with substitution in 3 and/or 6 positions.

[0011] It was thus an object of the present invention to provide a process for the

manufacture of dibenzosuberane compounds of formula (1)

[0012]

[0013] wherein
R1to R4, which may be the same or different, are selected from H or
halogen, cyano, hydroxyl, alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl and alkoxyl with 1 to 18 carbon atoms or R1 and one of R3
and R4 form a chemical bond,

U, V, W, X, which may be the same or different at each occurrence, are
3
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[0014]

[0015]

[0016]

[0017]
[0018]

[0019]

[0020]

halogen, cyano, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, heteroalkynyl, aryl, heterocyclyl, and heteroaryl group,

Rs and Rs, which may be the same or different at each occurrence, are
hydrogen, halogen, cyano, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, aryl, heterocyclyl, and heteroaryl,
provided that at least one of Rs and Rs is not hydrogen, and

a and b, which may be the same or different, are 0,1,2 or 3 and ¢ and d,
which may be the same or different, are 0, 1 or 2.

This object has been achieved withh the process in accordance with claim
1.

Preferred embodiments of the process of the invention are described in
the dependent process claims and the detailed description hereinafter.

Another embodiment of the present invention are compounds of formula

(8)

L.
ase

Rs Re
wherein Rs and Rs have the meaning described above.

As used herein, the term "halogen" means a halide radical selected from
the group consisting of fluoride, chloride, bromide and iodide.

As used herein, the term "alkyl" means a monovalent straight, branched or
cyclic saturated hydrocarbon radical, more typically, a monovalent straight
or branched saturated (C1-Cao)hydrocarbon radical, such as, for example,
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, hexyl, octyl,
hexadecyl, octadecyl, eicosyl, behenyl, tricontyl, and tetracontyl.

As used herein, the term "alkoxy" means an alkyl group bonded to an
oxygen atom, i.e. a group OR where R denotes an alkyl group as herein

defined.
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[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

As used herein, the term "cycloalkyl" means a saturated cyclic Cs-Cao-
hydrocarbon radical, more typically a saturated Cs-C22-hydrocarbon
radical, that includes one or more cyclic alkyl rings, which may optionally
be substituted on one or more carbon atoms of the ring with one or two Cs-
Ce-alkyl groups per carbon atom, such as, for example, cyclopentyl,
cycloheptyl and cyclooctyl.

As used herein, the term "alkenyl" means an unsaturated straight or
branched C2-Cao-hydrocarbon radical, more typically an unsaturated
straight, branched, C2-C22-hydrocarbon radical, that contains one or more
carbon-carbon double bonds, including, for example, ethenyl (vinyl), n-
propenyl, and iso-propenyl, and allyl.

As used herein, the term "alkynyl" means an unsaturated straight or
branched (C2-Ca0) hydrocarbon radical, more typically an unsaturated
straight, branched, C2-C22-hydrocarbon radical, that contains one or more
carbon-carbon triple bonds, including, for example, ethynyl, propynyl, and
butynyl.

The term "heteroalkyl" means an alkyl group wherein one or more of the
carbon atoms within the alkyl group has been replaced by a hetero atom,
such as, for example, nitrogen, oxygen, or sulfur.

The term "heteroalkenyl" means an alkenyl group wherein one or more of
the carbon atoms within the alkenyl group has been replaced by a hetero
atom, such as, for example, nitrogen, oxygen, or sulfur.

The term "heteroalkynyl" means an alkynyl group wherein one or more of
the carbon atoms within the alkynyl group has been replaced by a hetero
atom, such as, for example, nitrogen, oxygen, or sulfur.

As used herein, the term "aryl" means a monovalent unsaturated
hydrocarbon radical containing one or more carbon rings having a total
number of T-electrons following the so called Huckel rule, i.e. having 4
n+2 1r-electrons with n being an integer of at least 1. Aryl radicals include
monocyclic aryl and polycyclic aryl. “Polycyclic aryl” refers to a monovalent
unsaturated hydrocarbon radical containing more than one six-membered

carbon ring in which the unsaturation may be represented by three
5
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[0028]

[0029]

[0030]

conjugated double bonds wherein adjacent rings may be linked to each
other by one or more bonds or divalent bridging groups or may be fused
together. Aryl radicals may be substituted at one or more carbons of the
ring or rings with any substituent described herein. Examples of aryl
radicals include, but are not limited to, phenyl, methylphenyl,
isopropylphenyl, tert-butylphenyl, methoxyphenyl, dimethylphenyl,
trimethylphenyl, chlorophenyl, trichloromethylphenyl, triisobutyl phenyl,
anthracenyl, naphthyl, phenanthrenyl, fluorenyl, and pyrenyl.

As used herein, the term "heterocycle" or “heterocyclic” refers to
compounds having a saturated or partially unsaturated cyclic ring structure
that includes one or more hetero atoms in the ring. The term "heterocyclyl"
refers to a monovalent group having a saturated or partially unsaturated
cyclic ring structure that includes one or more hetero atoms in the ring.
Examples of heterocyclyl groups include, but are not limited

to, morpholinyl, piperadinyl, piperazinyl, pyrrolinyl, pyrazolyl, and
pyrrolidinyl.

As used herein, the term "heteroaryl" means a monovalent group having at
least one aromatic ring that includes at least one hetero atom in the ring,
which may be substituted at one or more atoms of the ring with hydroxyl,
alkyl, alkoxyl, alkenyl, halogen, haloalkyl, monocyclic aryl, or amino.
Examples of heteroaryl groups include, but are not limited to, thienyl,
pyrrolyl, pyridinyl, pyrimidinyl, pyrazinyl, triazinyl, pyridazinyl, tetrazolyl,
and imidazolyl groups. The term "polycyclic heteroaryl" refers to a
monovalent group having more than one aromatic ring, at least one of
which includes at least one hetero atom in the ring, wherein adjacent rings
may be linked to each other by one or more bonds or divalent bridging
groups or may be fused together. Examples of polycyclic heteroaryl
groups include, but are not limited to, indolyl and quinolinyl groups.

The process in accordance with the present invention comprises four

subsequent reaction steps.
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[0031] In the first step a) a substituted aryl halide of formula (2) is reacted with a
boronic acid derivative of formula (3) at a temperature in the range of from
60 to 200 °C, preferably of from 70 to 180°C

[0032]

Hal

[0033] Hal is a halogen atom selected from the group consisting of fluorine,
chlorine, bromine and iodine, preferably chlorine, bromine and iodine,
particularly preferred bromine.

[0034] R is hydrogen or a C1-Cg-hydrocarbyl group suitable for the coupling
reaction. Preferred hydrocarbyl groups are alkyl and alkoxy groups, most
preferred R is hydrogen.

[0035] Compounds of formula (2) and (3) have been widely described in the
literature and processes for their manufacture are known to the skilled
person. A significant number of compounds of this type is also
commercially available.

[0036] Step a) is carried out in the presence of a transition metal catalyst and a
base. Step a) is principally known to the skilled person as Suzuki or
Suzuki-Miyaura reaction or Suzuki coupling. This name is generally used
for the reaction of an aryl boronic acid derivative with an aryl halide and
such reactions have been described as such in the literature.

[0037] The transition metal catalysts used in the reaction which have been most
widely described are Pd(0) catalysts which e.g. may be obtained by
combining a palladium salt such as palladium acetate or
bis(dibenzylideneacetone)palladium (generally referred to as P(dba)z) with
a phosphine ligand such as triphenylphosphine or tri-tert. butylphosphine,

to name only two examples.
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[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

The amount of catalyst, based on the amount of the starting materials is
usually in the range of from 0.1 to 20 mol%, preferably in the range of from
0.5 to 10 mol%.

Ni-catalysts are also suitable for reactions of this type, albeit generally
higher amounts of catalyst are most often necessary than for Pd catalysts.
Since Ni is not as expensive as Pd, however, the overall economic
situation for Ni catalysts is still often at least comparable to Pd catalysts.
The skilled person will select the best suitable catalyst based on his
professional knowledge and the specific target compound. Overviews
concerning best suited transition metal catalysts are given in Chem. Rev.
95(7), 2457-2483 and in Chem. Soc. Rev. 42(12), 5270-5298 to which
reference is made here for further details.

The Suzuki coupling reaction of step a) of the process of the present
invention may be carried out in a suitable solvent capable of dissolving the
raw materials. The skilled person will select the best suited solvent based
on his professional experience so that no further details are necessary
here. Just by way of example, toluene, xylene, tetrahydrofuran, dioxane,
tetralin, quinolone, nitrobenzene, dimethyl sulfoxide and N,N-
dimethylformamide may be mentioned.

Step a) requires the use of a base and suitable bases are also known to
the skilled person and have been described in the literature. Often used
are potassium carbonate, sodium carbonate, cesium carbonate, sodium
hydroxide, sodium tert-butoxide, potassium tert-butoxide as examples for
inorganic bases and pyridine, triethylamine and picoline as organic bases.
The molar ratio of aryl halide to boronic acid derivative is usually in the
range of from 0.5:1 to 1.5: 1 and preferably in the range of from 0.8:1 to
1.2:1, most preferably the two reactants are used in approximately

equimolar amounts.
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[0044] A wide variety of biphenyl compounds of formula (4)
Hal

Xyo~tl

_/ \/

Rs Re

[0045] can be obtained in this way. The halogenated biphenyl compound
obtained after step a) has the two substituents Rs and Rs which form the
substituents in positions 3 and 6 of the final product. Thus, the compound
of formula (4) is a key intermediate in the process of the present invention
as it determines the positions of Rs and Re in the desired position in the
final product.

[0046] A wide variety of compounds with vastly different substituents Rs and Rs
are available through step a) of the process in accordance with the
present invention which may be used in subsequent step b).

[0047] One group of compounds, which is of particular interest due to their
property spectrum are compounds wherein one of Rs and Re is hydrogen.

[0048] Below a few compounds of formula (4) which belong to this group, the final
products of can be expected to show an interesting property spectrum, are

given:

[0049] However, as mentioned, a vast variety of compounds of formula (4) with a

great variation in substituents Rs and Re may be obtained.
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[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]
[0057]

Step b) of the process in accordance with the present invention is a
lithium-halogen exchange reaction which is known as such to the skilled
person and has been described in the literature.

The skilled person will choose suitable lithium compounds for the
exchange reaction b) based on his professional experience and thus no
further details need to be given here. Just by way of example alkyl lithium
compounds may be mentioned as a preferred group of lithium compounds.
Tert-butyl lithium, sec-butyl lithium and n-butyl lithium are amongst the
most easily available compounds of this group and thus are preferably
used. Other alkyl lithium compounds with other alkyl groups are also
suitable however, but often economically less preferred compared to the
butyl lithium compounds.

The reaction of step b) is preferably carried out in a suitable solvent not
decomposing the alkyl lithium compound. Tetrahydrofuran, diethyl ether
and alkanes such as n-hexane may be mentioned here by way of
example.

The reaction of step b) is carried out at a temperature in the range of from
-100 to 30°C, preferably in the range of from -80 to 25°C.

The reaction time depends on the reaction temperature used but is in
many cases in the range of from 3 h to 48 h, preferably of from 6 h to 24 h.

The reaction product of step b) is lithiated biphenyl compound (5).

Li

" —\ , (W)
o /* \ / %)
_/ \/

Rs Re

wherein the substituents have the meaning as described above.

The compound of formula (4) and the lithiating species, preferably an alkyl
lithium compound are generally used in a molar ratio of 0.7 to 1to 1.3 to 1,
preferably of from 0.85:1 to 1.2:1 and even more preferably in
approximately equimolar amounts. A slight excess of the alkyl lithium

compound has shown to be advantageous in some cases.

10
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[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

In step c) of the process in accordance with the present invention, lithiated

compound (5) is reacted with a dibenzosuberone compound (6)

Ra
Rs3
Ry R

(U)a_\ | / \
N

(e}
wherein R1 to R4 and U and V have the meaning as defined in claim 1, to

6

Mp

obtain the intermediate alcohol compound of formula (7):

wherein the substituents have the meaning as defined in claim 1 and
described hereinbefore.

In preferred dibenzosuberone compounds of formula (6) a and b are 0O, i.e.
the phenyl rings bear no substituents.

R1 to R4, which may be the same or different at each occurrence are
preferably hydrogen or alkyl groups with 1 to 18 carbon atoms. In other
preferred embodiments Ry and one of R3 and R4 form a chemical bond.
Most preferred R1 to R4 are hydrogen or R1 and R3 or R4 form a chemical
bond and the remaining substituents Rz and R3 respectively R4 are
hydrogen.

Step c) of the process of the present invention is usually carried out in a
suitable solvent dissolving the reactants and the skilled person will select
the appropriate solvent based on his professional knowledge, the

reactants and the target compound to be synthesized. The solvent as such

11
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[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

is not particularly critical but tetrahydrofuran, diethyl ether and hexane
have proved to be advantageous in a number of cases.

After completion of step ¢) the compound of formula (7) can be isolated by
adding water to the reaction mixture to separate an aqueous and an
organic layer, washing the organic layer after concentration with a low
boiling solvent, such as ethyl acetate or dichloromethane and drying the
organic layer under reduced pressure to obtain the compound of formula
(7).

Whereas the work-up as described above is not mandatory after step ¢), it
has proved to be advantageous in a number of cases to isolate and purify
the compound of formula (7) before carrying out step d) of the process of
the present invention.

The yield of the compound of formula (7) in many cases is at least 40 %,
often at least 50% or at least 60 %, based on the starting material.

The final step d) of the process of the present invention is an acid
mediated cyclisation of the compound of formula (7) to obtain the target
compound of formula (1). This step is preferably carried out in the
presence of catalytic amounts of a strong acid. The choice of strong acid is
not critical and the skilled person is aware of suitable acids for cyclisation
reactions of this type. By way of example trifluoromethane sulfonic acid
and trifluoroacetic acid may be mentioned as organic acids and nitric acid
as a representative of a strong inorganic acid. In principle, the selection of
the strong acid is not critical and inorganic acids as well as organic acids
are suitable and may be used.

The amount of acid used, relative to the amount of alcohol, is usually in
the range of from 0.1 to 10 mol%, preferably in the range of from 0.5 to 8
mol%.

Step d) can be carried out in an appropriate solvent capable of dissolving
starting compound (7). Halogenated hydrocarbons, e.g. dichloromethane
may be mentioned here by way of example. The skilled person will select
the appropriate solvent based on the alcohol compound used as starting

material by using his professional experience.
12
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[0070] Step d) is usually carried out at a temperature in the range of from -20 to
60°C and preferably in the range of from 0°C to 30°C, depending on the
solvent chosen.

[0071] The reaction time is usually in the range of from 15 minutes to 12 hours,
preferably in the range of from 0.5 h to 6 hours and in many cases reaction
times of about 1 to 4 h are sufficient.

[0072] After the completion of step d) the reaction product may be worked up and
purified by quenching the reaction medium with water and washing the
organic phase with an appropriate aqueous solution of a salt (e.g. sodium
carbonate) until the water phase has reached a pH of about 7. Thereafter
the organic phase can be washed with water, dried with e.g. magnesium
sulfate and concentrated in vacuo. Purification of the residue by flash
chromatography can follow.

[0073] As a result the desired compound of formula (1) can be usually obtained in
good yields exceeding 50 %, often exceeding 60 % and sometimes
exceeding 80 %, based on starting material 7.

[0074] The process of the present invention provides an easy way to
dibenzosuberane compounds of formula (1) with a substitution pattern
having a substitution in positions 3 and/or 6 which were not easily
accessible by the processes described in the prior art. In particular the
process of the present invention opens the way to asymmetrically
substituted compounds of formula (1) having a substitution other than
hydrogen in only one of positions 3 and/or 6, which may be expected to
show an interesting property spectrum for use in organic electronic
devices.

[0075] Another embodiment of the present invention relates to novel compounds
of formula (8) which can be obtained with the process of the present

invention.

13
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o’g

[0077] wherein Rs and Re, which may be the same or different at each

Rs

[0076]

occurrence, are hydrogen, halogen, cyano, hydroxyl, alkoxy, alkyl, alkenyl,
alkynyl, heteroalkyl, heteroalkenyl, heteroalkynyl, aryl, heterocyclyl, and
heteroaryl, provided that at least one of Rs and Re is not hydrogen.

[0078] Preferred compounds of formula (8) having an asymmetric substition

pattern as described above are the following:

[0079] The following examples further describe the present invention.

14
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[0080]

[0081]

[0082]

Example 1 -

cul, cyclohexanedlamme Q/ ©/ (OH)  Pd(PPh;),, Na,CO;, toluene/H,O
\©/ Reflux overnight '! .C Reflux, overnight

‘fq e B0 )

O 70%

Compound Ill was obtained from compound I, which was synthesized as

(-

previously described in literature (Su, S-J., Cai, C., Kido, J. Chem. Mater.
2011, 23, 274-284; b) Lee, C. W., Im, Y., Seo, J-A., Lee, J. Y. Chem.
Commun. 2013, 49, 9860-9862; c) Lee, C. W., Lee, J. Y. Dyes Pigments
2014, 7071, 150-155) in a two-step procedure. Treatment of compound |
with a stoichiometric quantity of nBuLi in THF led to the formation of the
corresponding lithiated species which was further reacted with
dibenzosuberone to yield the alcohol Il. The condensation of the alcohol Il
in presence of a catalytic amount of trifluoroacetic acid in dichlormethane
at room temperature yielded the expected product Il in 70% overall yield.
Compound | (5.01 g, 12.6 mmol) was dissolved in THF (80 mL) and the
resulting mixture was cooled down to -78°C. nBuLi 1.6M in hexane (9.5
mL, 15.2 mmol) was subsequently added to the solution and left to react
for 2h at this temperature. A solution of dibenzosuberone (2.09 g, 10
mmol) in THF (50 mL) was slowly added and the temperature raised to
room temperature. After 4h, the reaction mixture was quenched with water
and the solvents evaporated. The residue was extracted with
dichloromethane (3 x 20 mL) and washed with three times with water (3 x
20 mL). The organic phase was dried with MgSO4 and concentrated /in
vacuo. The product was washed several times with hexane, dried and

used directly without further purification in the following step.

15
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[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

PCT/EP2015/080702

Compound Il was dissolved in dichloromethane (30 mL) and trifluoroacetic
acid (7.5 mL, 44 mmol) was added dropwise. After 2h at room
temperature, the resulting solution was quenched with water and the
organic phase washed with a 1M solution of Na2COs until the water phase
had reached pH=7. The organic phase was then washed with water, dried
with MgSO4 and concentrated /n vacuo. The residue was purified by flash
chromatography using a mixture of hexane/ethyl acetate as the eluent to
yield the pure product as a white solid (4.2 g, 82% yield).

"H NMR (500 MHz, THF-dg) 6=8.29 (d, 2H, 41 = 7.5 Hz; ArH), 8.08 (s,
1H; ArAH), 7.88 (d, 1H, v = 8 Hz; ArH), 7.62-7.53 (m, 4H; ArH), 7.47-7.41
(m, 5H; ArA), 7.36-7.28 (m, 4H; ArH), 7.18 (t, 2H, 41 = 7 Hz; ArH), 6.99 (t,
2H, hn = 7.5 Hz; ArH), 6.64 (d, 2H, Jn = 8.5 Hz; ArH), 3.55 (s, 4H; CH)
The molecule was fully characterized to determine its optical and
electronic properties and the data are presented in the table below. The
new compound exhibits a high triplet energy and a comparatively shallow
HOMO level

Table 1:
Er Eopte HOMO LUMO Tdecomp MW
eV ev eV eV g/mol
2.84 3.47 -5.66 -2.19 1%@313°C | 509.64

The triplet energy was calculated from the highest energy
phosphorescence peak measured in 2-Me-THF at 77 K. (The
photoluminescence measurements were performed on highly diluted (=
10-5 mol/L) solutions in spectroscopic grade of 2-methyl-THF using a
HORIBA JOBIN YVON Fluoromax-4 P spectrofluorimeter. Measurements
at 77 K were carried out using the FL-2013 Dewar liquid nitrogen
assembly from HORIBA JOBIN YVON.

EoptG (ev) was measured from the onset wavelength determined by
adsorption spectroscopy.

The HOMO and LUMO levels were determined from cyclic voltammetry

measurements in solution as follows:
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[0090]

[0091]

[0092]
[0093]

[0094]

[0095]
[0096]

The measurements are performed at room temperature, under inert
atmosphere, with a conventional three-electrode configuration, the solution
being outgassed before use with a stream of argon for 5 -10 min. The
three-electrode cell may consist e.g. of a glassy carbon disk as working
electrode, a Pt wire or a Pt rod as a counter electrode and a Pt wire or a
carbon rod as pseudo-reference electrode. Ferrocene is used as an
internal reference. Other cell configurations may also be used.
The solvents used for the determination of the HOMO and LUMO levels
are respectively anhydrous dichloromethane and anhydrous
tetrahydrofuran, the supporting electrolyte is 0.1 M tetrabutylammonium
hexafluorophosphate and the host concentrations are 2 — 0.5 millimolar.
The scan rate is fixed to 100 mv/s.
The HOMO levels (Exomo) are calculated from the measured half wave
potential of their first oxidation wave (E1 ox 12) Using the following equation:
Enomo — (— 4.8) = — [E1ox 172 — Eox 172(Fc/Fc?)]
wherein the ferrocene HOMO level value has been taken equal to —4.8 eV
below the vacuum level according to Pommerehene and al. Adv. Mater.
7(6), 551-554 (1995) and wherein Eox 12(Fc/Fc*) corresponds to the
measured half wave potential of the ferrocene oxidation wave. For
irreversible systems, Epa 1 peak potential value of the first oxidation wave
is used instead of the half wave potential E1ox 1/2.
The LUMO levels (ELumo) are calculated from the measured half wave
potential of their first reduction wave (E1ox 1/2) using the following equation:
ELumo — (- 4.8) = — [E1 red 172 — Eox 12(Fc/Fc?)]
wherein the ferrocene HOMO level value has been taken equal to —4.8 eV
below the vacuum level according to Pommerehene et al. Adv. Mater.
7(6), 551-554 (1995) and wherein Eox 12(Fc/Fc*) corresponds to the
measured half wave potential of the ferrocene oxidation wave. For
irreversible systems, Ec 1 peak potential value of the first reduction wave

is used instead of the half wave potential E1 red 1.
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[0097] The decomposition temperature was determined at the temperature where
a weight loss of 1 % is observed upon heating a sample of the compound

at a heating rate of 10 K/min.
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Claims

1.

A process for the manufacture of dibenzosuberane compounds of formula (1)

comprising the steps of

a) reacting a substituted aryl halide of formula (2) at a temperature in the range

Hal
B(OR)>
X 2
| T X
/
Rs

of from 60 to 200 °C with a boronic aC|d derivative of formula (3)

in the presence of a transition metal catalyst and a base to obtain a compound

b) subjecting the compound of formula (4) to a lithium-halogen exchange

of formula (4)

reaction at a temperature in the range of from -100 to 30°C to obtain lithiated

biphenyl compound (5)

(X) C Q_Q
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c) reacting the compound of formula (5) with a dibenozosuberone compound of

formula (6)

Ra
Rs3
Ry R

WVe—— | ©)

@)

and thereafter

d) subjecting the intermediate compound (7) to a cyclisation reaction to obtain
the compound of formula (1)

wherein

Hal is a halogen atom,

R is hydrogen or a C1-Cg -alkyl group

R1 to R4, which may be the same or different, are selected from H or halogen,
cyano, hydroxyl, alkyl, alkenyl, alkynyl, heteroalkyl, heteroalkenyl,
heteroalkynyl and alkoxyl with 1 to 18 carbon atoms or R1 and one of Rz and
R4 form a chemical bond,

U, V, W, X, which may be the same or different at each occurrence, are

halogen, cyano, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl, heteroalkyl,
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heteroalkenyl, heteroalkynyl, aryl, heterocyclyl, and heteroaryl group,

Rs and Rs, which may be the same or different at each occurrence, are
hydrogen, halogen, cyano, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl, heteroalkyl,
heteroalkenyl, heteroalkynyl, aryl, heterocyclyl, and heteroaryl, provided that at
least one of Rs and Rs is not hydrogen, and

a and b, which may be the same or different, are 0,1,2 or 3 and ¢ and d, which

may be the same or different, are 0, 1 or 2.

The process in accordance with claim 1 wherein the transition metal catalyst in
step a) is a Pd catalyst.

The process in accordance with claim 1 or 2 wherein in step b) an alkyl lithium
compound is used.

The process in accordance with any of claims 1 to 3 wherein step d) is carried
out in the presence of a catalytic amount of a strong acid.

5. The process in accordance with any of claims 1 to 4, wherein in compound (2)

Rs is selected from the group consisting of hydrogen and
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6. The process of any of claims 1 to 5, wherein in compound (3) Rs is selected

from the group consisting of hydrogen and

-

Vo

o Rl
Ly .

wherein the aromatic rings may be substituted by one or more substituent or
substituents selected from the group consisting of halogen, hydroxy, alkoxy,
alkyl, alkenyl or alkinyl, heteroalkyl, heteroalkenyl, heteroalkynyl, aryl,
heterocyclyl, and heteroaryl.

7. The process in accordance with any of claims 1 to 6 wherein step a) is carried
out in a solvent selected from the group consisting of toluene, xylene,
tetrahydrofuran, dioxane, tetralin, quinolone, nitrobenzene, dimethyl sulfoxide

and N,N-dimethylformamide.
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. Compounds of formula (8)

D .
200

wherein Rs and Re, which may be the same or different at each occurrence,
are hydrogen, halogen, cyano, hydroxyl, alkoxy, alkyl, alkenyl, alkynyl,
heteroalkyl, heteroalkenyl, heteroalkynyl, aryl, heterocyclyl, and heteroaryl,
provided that at least one of Rs and Rs is not hydrogen.

. Compounds in accordance with claim 8 selected from the group consisting of

o.o
N @ 2
Yhe 5 ()
XD
X8R,
Qo

L
55

\(/

[
8:

)

()
5

O

(2 O O
g g‘}é 08
- O

XD o.o
0 GO0 O
OO

: >
¢

wherein the aromatic rings may be substituted by one or more substituent or

o8

)

(I
g

substituents selected from the group consisting of halogen, hydroxy, alkoxy,
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alkyl, alkenyl or alkinyl, heteroalkyl, heteroalkenyl, heteroalkynyl, aryl,

heterocyclyl, and heteroaryl.
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