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. 1 corresponding polybenzoxazoles, can be used as a

dielectric in microchips.

In order to avoid an inductive disturbance of signals
which is caused by capacitive coupling, conductor
15 tracks adjacent to one another %n microchips are
insulated from one another by a dielectric arranged
between the conductor tracks. Compounds which are to be
used as a dielectric must meet various reguirements.
Thus, the signal transit time in microchips depends
20 both on the material of the conductor track and on the
dielectric which is arrangéd between the conductor
tracks. The lower the dielectric constant of the
dielectric, the shorter, too, 1is the signal transit
time. The silica-based dielectrics used to date have a
25 dielectric constant of about 4. These materials are
gradually being replaced by organic dielectrics which
have a substantially lower dielectric constant. The

dielectric constant of these materials is generally

below 3.
30
In microchips customary at present, the conductor
tracks preferably consist of .aluminum, AlCu or AlCuSi.
With increasing integration density of the memory
chips, there is a changeover to copper as conductor
35 track material, owing to its lower electrical

resistance in comparison with aluminum. Copper permits

shorter signal transit times and hence a reduction in
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I n mcrochips custonmary at present, the conductor tracks preferably
consist of alumnuh Al Cu or AICuSi. Wth increasing integrajl ensity
of the menmory chips, there is a changeover to copper as c ﬁ@?g 35 track
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the production of the microchips includes production
stages which require temperatures of 400°C or higher.
Thereafter, the trenches are first filled with copper
15 and then excess copper is mechanically ground away. The
dielectric must therefore be stable to the materials
used for grinding and must have sufficient adhesion to
the substrate in order to avoid becoming detached
during the mechanical grinding process. Furthermore,
20 the dielectric must have sufficient stability in the
subsequent process steps in which further components of
the microchip are produced. For this purpose, it must
have, for example, sufficient thermal stability and
must not undergo decomposition even at temperatures of
25 more than 400°C. Moreover, the dielectric must be
stable to process chemicals, such as solvents,
strippers, bases, acids or aggressive gases. Further
requirements are good solubility and a sufficient
shelf-life of the precursors from which the dielectrics

30 are produced.

Polybenzoxazoles (PBOs) are polymers which have very
high heat resistance. The substances are already used
for the production of protective and insulating layers.
35 Polybenzoxazoles can be prepared by cyclization of
poly-o-hydroxyamides. The poly-o-hydroxyamides Thave

good solubility in organic solvents and good film



subsequent “process steps in which further conponents of the mcrochip are
produced. For this 'purpose, it nust have, for exanple, sufficient thermal
stability and nust not undergo deconposition even at tenpeiptmg,efms)f 25
nore than 400C. Moreover, the dielectric nmust be stable to process
chem cal s, such as -solvents, strippers, bases, acids or aggressive gases.
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10 place in the cyclization of poly-o-hydroxyamides to

polybenzoxazoles is shown schematically below:
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15 On heating, the o-hydroxyamide cyclizes to give the
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oxazole, water being liberated.

The poly-o-hydroxyamides are prepared by reacting bis-
o—aminophenois with dicarboxylic acids. The properties
20 of the poly—o—aminophenoi and of the polybenzoxazole
prepared therefrom are substantially determined by the
monomers used as starting material. Thus, not only the
thermal, electrical and mechanical behavior but also
the solubility, stability to hydrolysis, storability
25 and numerous other properties of the polymers are
influenced by the type of aminophenol used in the
preparation. In order to be able to provide
polybenzoxazoles which can be used in microelectronics
as a dielectric between two metal planes, for example
30 in multi-chip modules, memory chips and logic chips, or
as a buffer layer between the_chip and its housing, it
is necessary to provide starting materials which impart

good electrical, chemical, mechanical and thermal



[/ 0 * OH-HzZO Co 15 on heating, the o-hydroxyam de cyclizes to give the
oxazol e, -water being |liberated. The pol y-o-hydroxyam des are prepared by
reacting bis- o-aminophenols with dicarboxylic acids. The pr@deNOVe¥06 20 of
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for the preparation -of polybenzoxazoles or their

soluble precursors.

15
It is therefore an object of the invention to provide
novel starting materials which permit the preparation
of insulating polymers which have a 1low dielectric
constant and high heat stability and stability to
20 chemicals.
The object is achieved by bis-o-aminophenols of the
formula I
H,N NH,
M
HG GH
25
Formula I
in which
30
G is oxygen or sulfur;



10 properties required for the polyners even with decreasing dimensions of
the conponents. Thi's in turn requires further devel opnent of the avail able
mononers for the preparation of polybenzoxazoles or their 26INIM @06
precursors. 15 It is therefore an object of the invention to provide novel
starting materials which permt the preparation of insulating polyners
whi ch have a low dielectric constant and high heat stability and stability
to 20 chemcals. The object is achi eved by bi s-o0-am nophenol s of the
formula I ~ NH2 HZN HG GH 25 Fornul g in which 30 Gis oxygen
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are suitable for the preparation of
pol ymeric dielectrics

pol y6 o- hydr oxyami des,
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The bis-o-aminophenols of the formula I,
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poly-o-hydroxyamides,

which have a dielectric constant of k <

invention, are
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for the preparation of

from which polymeric dielectrics

2.7 can be

obtained. These polymers are very suitable for filling

narrow trenches.
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15 hydr oxyam de, pol ybenzoxazol es whi ch have high resistance to process

chenical s, such as 'solvents, strippers, bases, acids or aggressive gases,
are obtained. These polyners are al so outstandingly sui t abl e2 ﬁoN\f%
copper damascene technique. During the 20 grinding process in which excess
copper.is renoved, no disadvantageous effects, such as del am nati on,
cracking or bubble formation, occur. The adhesion of such dielectrics to
the surfaces relevant for chip technoldby, such as silicon, silicon

bi d I 5 bonitrid I itride, sili tit
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acetate. They can be readily processed by spin coating,
10 spraying or dipping techniques and give films of wvery
good quality. The polybenzoxazoles derived £from the
bis-o-aminophenols according to” the invention moreover

have very high thermal stability.

15 Bis-o-aminophenols of the formula II

NH,

FORMULA ITI
20
in which M and G have the abovementioned meaning, are
particularly preferred. The bis-o-aminophenols of the
formula II can be prepared in high yields and high
isomer ©purity, which substantially simplifies the
25 purification of the products. The bis-o-aminophenols of
the formula II can therefore be made available

economically.

The bis-o-aminophenols according to the invention are
30 divided into bis-o-aminothiophenols (G = S) and bis-o-
aminophenols (G = 0O). For the sake of simplicity, both

classes of compound are combined under the term "bis-o-



20 in which Mand G have the abovenenti oned neaning, are particularly
preferred. The bi s-o0-am nophenols of the formula Il can be rl'egﬁi?ﬂqd'nn
hi gh yields and high isomer purity, which substantially sin%li e 25
purification of the products. The bi s-o0-am nophenols of the fornmula Il can
t herefore be made avail abl e econom cal lgy. The bi s-o0-am nophenol s accordi ng
to the invention are 30 divided into bis-o0-am nothiophenols (G=S) and
bi s-0- anmi nopimemephen@s'0) . Horthaugh sakel whess nptacing, ddvantegassses of
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Al t hough pol having advantageous properties can e prepared

usi ng bi s- o- aawnedtHioRiienwls, e bis-o-aminophenols ((G = () axee odf
greater inporhanGe,Si NtRpoPYLAget 0 iiGid, hi a@‘i@g“’ SEDI iy £ O 19%@?@{' on,
they can _be nore easily ~processed. Anong the bi's-o-am nophenols of the
fornula 91, Sf&bddapoundse i nowhfaRienis dnwxyger at B amers hepasbhe
preferred. 1@AJdtedsdd. tAndeg Sehbaligs fOraNoHdAS] s Use, tHe | SorthyiPOr t ant
t hat the bis-o0-an nophenol s gf t he fg]rri_.qla | .be obtainable in a sinple
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for the prepaeatdfatreoipdferaaii nophenols of the formula I, 15 wherein a
diol of the formula Il I \'' \ HOOCH Formula III

10 In order to be suitable for industrial use, it is

important that the bis-o-aminophenols of the formula I
be obtainable in a simple and economical manner. Thé
invention therefore also relates to a process for the
preparation of Dbis-o-aminophenols of the formula I,

15 wherein a diol of the formula III

Formula III

20
in which M has the meaning stated in claim 1, 1is
nitrosated with a nitrosating agent to give the nitroso
compound, and the nitroso compound is then reduced to
the bis-o-aminophenol of the formula I.

25

For the preparation of the bis-o-aminophenols of the
formula I, the diol of the formula III is £first
dissolved in a suitable inert solvent at room
temperature. Suitable solvents are, ' for example,
30 alcohols, such as ethanol, isopropanol or butanol,
acetonitrile, esters, such as ethyl acetate or propyl
acetate, ketones, such as acetone, methyl ethyl ketone
or diethyl ketone, or chlorinated hydrocarbons, such as

chloroform, dichloromethane or methylene chloride. The



20 in which Mhas the neaning stated in claiml1, is nitrosated wth a
nitrosating agent to give the nitroso conpound, and the nitroso conpound
is then reduced to the bis-o-am nophenol of the forrmula I. 25 For the
preparation of the bis-o0-ani nophenols of the fornula |, the 2 NOVoROgshe
formula I'll is first dissolved in a suitable inert solvent at room
tenperature. Suitable solvents are, for exanple, 30 al cohols, such as
et hanol , isopropanol or butanol, acetonPtrile, esters, such as ethyl
acetate or propyl . acetate, kefones, sych as acetone,_nethyl ethy| ketone
or diethyl KkeétOMEId} I&‘Fﬁ%‘?’r’%&i%dcﬂi}ﬁﬁéé‘ér %6&%‘, sdch 3% Y\I‘G?W%Fn?g
di chl or onet haitee alidetdy| ene ebinpuildeITThevhdch NQV 2H6% ad sokuarohng
preferably contains from5 to_30% by wei Ehégé t he diOLEOf the forpula |11

which is usedHEH %t ar tPRGSrECEri aF . P ERCEAFLEE €T 028t ng
agent is addetieaahd &hel m xhar e obtauned icbtsdimedd ats 5 tserperest ures of,

preferably, from - 40 I n i r f 5 t0:.15 upt bk vitrually
conpl ete Sy_cont_'veem sﬁ%aﬁt% =3 hgjfs't arptlp%ggéﬂ%#g?l al fggﬁg taﬁkjgn g acgb &Sui {Lébl e
reaction ti nemriculegedeacal bn the ¥aHge ohtil - viotheddy, ¢empdetecul ar -
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the solvent 1s first evaporated, preferably reduce pressure. The

ni troso conpdive-aile epadlelpur FAMed Bre rdergerarplzan ome raRee saftabl e
sol vent or by, separ aiduds byi S04 ihrRt pgraphyhyst8g ansWAdddt eto

10 separate off the resulting nitroso compound, the
solvent is first evaporated, preferably under redﬁced
pressure. The nitroso compound can then be purified by
recrystallization from a suitable solvent or by
separation by column chromatography using a suitable

15 eluent.

The advantage of the process according to the invention
is firstly that the diol of the formula III which is
used as a starting material has sufficient reactivity
20 to achieve substantially complete conversion of the
dihydroxy compound within periods of interest for
industrial use. Furthermore, the hydroxyl groups of the
dihydroxy compound of the formula III need not be
protected by a protective group, so that operations for
25 introduction and elimination of a protective group are
dispensed with. If the hydroxyl group is in the para
position relative to the group M, the nitroso group 1is
selectively introduced into the phenyl ring in the
ortho position relative to the hydroxyl group, so that,
30 in the subsequent purification, no removal of undesired
isomers is required. This too contributes to the
economical preparation of the bis—ortho—amihophenols of

the formula I.

35 All customary nitrosating agents can be used for the

nitrosation. For example, isoamyl nitrite, alkyl



15 el uent.The advantage of the process according to the invention is
firstly that the dirol of the fornula Il which is wused as a starting
mat erial has sufficient reactivity 20 to achieve substantially4qﬁﬂphﬁ&e
conversion of the dihydroxy conmpound within periods of interest for
i'ndustrial use. Furthernore, the hydroxyl groups of the dihydroxy conpound
of the fornmula Il need not be protectetioby a protective group, so that
operations for 25 introduction and elimnation of g protectiye group_are
di spensed wi PARETEESEhe ﬂﬁ}ér ox¥l HSHHTR | R& he SPEA™ poBrEFdRST el%’g‘iive to
the group M cbheentiraesd guafnrdic sel®diyetyitableduced into the phenyl
ring in the ortho position relative to the hydroxyl group, so that, 30 in
t he subsequent purification, no renoval of undesired isoners is required.
Thi s too contThebuhed ficed heisecenbdnroab prosfanatd obsothehe reduced to
bi s-orthp-am_pgophenol s of. the formula L. 35 Al customary .nitrosating
agents can bEAGosd T Sr THES M THGLTIT ont OFoP eRamie ot Sod i M LR T1E)
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the hydrogenation is advantageously effected at
elevated hydrogen pressure. A suitable catalyst is, for

example, palladium on active carbon.

15 The bis-o-aminophenols of the formula I can also be
prepared via the corresponding nitro compounds. The
invention therefore also relates to a process for the
preparation of bis-o-aminophenols of the formula I,

wherein a diol of the formula IV

R°G GR®

&

20

Formula IV

25 in which M and G have the meanings stated in claim 1
and R°® 1is a protective group, is nitrated with a
nitrating agent to give the nitro compound, and the
nitro compound is then reduced to the bis-o-aminophenol
of the formula I.

30
The nitration of the protected diol of the formula IV
is effected using customary nitrating reagents, for
example nitric acid, nitric acid/sulfuric acid

mixtures, dinitrogen pentoxide or acetyl nitrate. In



t he hydrogenation is advantageously effected at el evated hydrogen
pressure. A suitabl'e catalyst is, for exanple, palladiumon active carbon.
15 The bi s-o0-am nophenols of the formula |I can also be prepaigxhda ook he
correspondi ng nitro conpounds. The invention therefore also relates Fo a
process for the preparation of bis-o0-am nophenols of the formula I,
wherein a diol of the formula IV20 M RSG/ GR Formula IV 25 in which M
an? Cihgve_the meani ngs stated in claimil and RS is a protective group, is
nitrated with a nitrati.ng ag t ive.:the.njtr d, dt nitro
conpound s ttrltﬁje?l r§888<§&°3o tﬁqe%g'bel\}s)%%’- aml%ophlerynolr?e%%?%gyfofﬁugl aé{}.ﬁe 30 The
nlt[ation(ﬁhydmppybte@m@mpﬁcNObf the f osharhiny imateriach edtOsi Rf
customary nitr eage | 300 j Igdsr i
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4 NOV 2006 purihisateantiodn, throveiesritre icommaissbariheoPiERe IRRHDOXYI
groups of thesstarding neberdiadl dRihe JHRILCt 2IrbY1GY reepesdeng the
protective groups Rs. After a purification of the bisnitro co oqu, t he
nitro group Bi$BiEEguCSIRBhet Anfié SRoiRs FBrQPﬁ%lbﬁ?£%s§§ﬂ%ﬁP ‘ '
bi snitro conpgundx=snilicsseéveghydrafsuhhable sakvepkr iforaddadpl €or

tetrahydrofuran, a catalyst. is ad
y example paallyaélum ond%ddt:if\(r)er carbon, and hydrogenation

is effected with hydrogen in an autoclave.

10
The protective group R® is suitably chosen so that it is
reductively eliminated during ~the reduction of the
nitro group to the amino group. In this case, the
elimination of the protective group R°® requires no
15 additional production step. A  benzyl group is

particularly suitably used as the protective group RS.

The bis-o-aminophenols of the formula I can be reacted
with dicarboxylic acids or their activated derivatives
20 to give the desired poly-o-hydroxyamides. For this
purpose, - the bis-o-aminophenols of the formula I are
reacted with a dicarboxylic acid or an activated

dicarboxylic acid derivative of the formula V

0 0

—

L L
25

FORMULA V

. in which L is a hydroxyl group or an activating group
30 and Y is in principle any divalent hydrocarbon radical.
For example, acid chlorides or activated esters, for
example sulfonic esters, can be used as an activating
group for the dicarboxylic acid derivatives of the

formula V. The reaction of the bis-o-aminophenols of



exanple palladiumon active carbon, and hydrogenation is effected Wi th
hydrogen-in an autocl ave. 10 The protective group RS is suitably chosen so
that it is reductively elimnated during the reduction of th&4 NO¥r06roup
to the amino group. In this case, the elimnation of the protective group
RS requires no 15 additional production step. A benzyl group S

particul arly shw tz%bll% #%ed¥ as tc? |%r Ogggt 'chgr %yﬁc a
ory 2

bi s-0-am nophenol can be reac Wt b oY car SoxyFl C acids
or their act ifcatredladerV vatdwes EOWEUegl,ve alte» dése r eelf Dot yed- himlr obzlyam des.

For this ur. ned hg b| s 95 rﬁxﬁg&qgh & ogc{:gga{__ gmgﬁae I %é” eact ed

wth a dlcar oxy |c aC| an actlvat di car oxy Ic acid Vhitve of
the fornula RG@dD [such 2@3:0?»&9@ \exammhé ch ¢tarkonyhgdiokghzgteupodr an

activating grﬁtﬁﬁch&xé}aﬁc\éfﬁodﬂrﬁdé‘c' PR aﬁhﬂbYﬁh@“t Qyﬂr%@éaéﬁts
radi cal . = For exanple, acid chlorides or activated esfers, for exanple

sul foni ¢ est éfsiclanPiRd usbleas WAk S4ct | TR¥FTPAG QFlouF}'—lTebr ¥REEH ar bRyl i ¢ -
aci d derivat ipiesndd1ddie aber nbhacdbléhe peactiwd rddia-Diisd- af ngpbenol s

o2, S e S L g e LA 5 Al
whi ch acti vatfesridies car hadyltilte Atcdrbsugh ias,adDd exargdteionally the
Carbonyh%lInk?%§§¥ﬁ%£¥llc acid derivative of the formula V are
reacted in an organic solvent at from -20 to 150°C in
the course of from 5 to 20 hours. If required, the
terminal groups of the polymer can be blocked with a
suitable reagent. The poly-o-hydroxyamide formed after
15 the reaction is precipitated by dropwise addition of
the reaction solution to a precipitating agent, washed
and dried. Suitable precipitating agents are water and
alcohols, such as isopropanol, butanol or ethanol.
Mixtures of these precipitating agents can also be
20 used. The precipitating agent can also suitably contain
from 0.1 to 10% of ammonia. The precipitated polymer
can be directly further processed by filtration and
drying and, for example, dissolved in one of the
solvents mentioned further above for application to a

25 semiconductor substrate.

The polymerization to give the poly-o-hydroxyamide can
be carried out in the presence of a base in order to
trap acid liberated. Suitable basic acid acceptors are,
30 for example, pyridine, triethylamine, diazabicyclo-
octane or polyvinylpyridine. However, other basic acid
acceptors may also be used. Compounds which are readily
soluble in the solvent used for the synthesis, for
example N-methylpyrrolidone, and in the precipitating
35 agent, for example water or water/alcohol mixtures, or
those which are completely insoluble in the solvent,

such as, for example, crosslinked polyvinylpyridine,



5 dicycl ohexyl carbodiinide. In principle, all reagents which bind the
water formed in the reaction to thenselves are suitable. For the
preparation of the poly-o-hydroxyam des, the bis-o0-am nophenols of the
formula | and the dicarboxylic acid or optionally the 10 di ﬂlﬂgyy@pé: acid
derivative of the formula V are reacted in an organic solv om - 20
to 150C in the course of fromb5 to 20 urs. If required, the term nal
groups of the polymer can be bl ocked wit sui t abl e reagent The
pol y- o- hydroxyam de formed after 15 th ctlon S prec |tated
dr opwi se addlaﬁeorPao‘ftlctLﬁ‘ga‘?]ééc?}f% CXoFat | ﬁet éc&dpraé% 5151 i ageti™
washed and drelafailySUIlbabl & dpaGitad at Engmagaiies alresmtehgancbomwhol S,
such as isop nol Xt ures of t Rrec i tating
agents can alhé’glaﬁécyfﬂ‘ ed ulrﬁé‘gprle%‘epl twé)ﬁ%fd‘gag%%t %%n eSO suaﬁrp
contain fromr@®dhdta 10% of ammoni a. The precipitated polynmer can be
directlyfurther processed by filtration and drying and, for exanple,
dissolved in one of the solvents mentioned further above for application
to a 25 senifeartdstlerlaubstsndtt@blfhe Fotyantsat idert o Yiwve towlymer

pol y-o- hydr oxyamle scan pe Cay"—'bh% RUbdtdde PEeseargaebrahase i order
to trap acid'liberated. Suitab asic acid acceptors are, 30 for exanple,

pyri di ne, t rm@twlmrﬁ@lldi%blaaﬂm &lﬂ&qfaﬁ@qﬁtw%1 nyHINAYRE ne.in
However, ot hgyrikasiol eaCid, gemeaher SnMayhiadisothe ¢eeet i GeMAktheMish are
readily_ sol uble i ndtlge sol.v used for t he synthesis, for exanple
N-tret hy PPy r r GEed AR ayd SH Sr8tiT t4iShy 35 agent, for exanple water
or water/al cohol mxtures, or those which are conpletely insoluble in the
sol vent, The poly-o-hydroxyamides prepared in this manner can be
converted into the desired polybenzoxazoles by heating
with cyclization according to the mechanism explained
15 above. Owing to their good electrical, mechanical and
chemical properties, said polybenzoxazoles are very

suitable for use in microelectronics.

The invention is explained in more detail on the basis

20 of examples.

Example 1l: Synthesis of 3,3'-diamino-4,4"'-
dihydroxytetraphenylmethane

25 Synthesis route:



such as, f-or exanple, crosslinked polyvinylpyridine, 2 4 NOV 2006 13 are
partlcularly preferred. The acid acceptors can then. readily be separated
fromthe resulting poly-o- hydroxyamnm de during the worki ng2épNe¥ 200ge
reaction product. 5 Particularly suitable solvents for the pol yner
synthesis are y-butyrol actone, tetrahydrofuran, N nethyl pyrrolidone and
di net hyl acet am de. However, in principle any solvent in which the starting
conponents 10 are readily soluble can ke:used. The poly-o-hydroxyani des
prepared in this manner can be converted into the desired pol ybenzoxazol es

by heating wth cycll on accordi ng to t he nechanlsn1- ph ai ned 15 above.
OnMng to their good eI- jical, nechal and upertles said
pol ybenzoxazol es ay very itable f Non M crog Q on The
invention is ex taH—e-a—i—he»—basins ) escrn Exanpl e
1: Synthesis of 3 d| 4, 4' dnhydmo«ytetraphe y netha~- 5 Synt hesi s
route: 2 4 NOV 2006 HO/-\ C\ / H\ COR
1st stage

H.N
H,, Pd i:::
> HO C——< Z>'—OH
2nd stage .

Stage 1: Nitrosation

5 20.07 g (0.057 mol) of 4,4'-dihydroxytetraphenylmethane
are dissolved in 100 ml of glacial acetic acid, and
20 ml of isocamyl nitrite are added dropwise at RT. The
course of the reaction is monitored by thin-layer
chromatography until starting material is mno longer
10 detectable. 100 - 200 ml of water are added, and the
precipitated solid is filtered off. This is triturated
with methanol and allowed to stand for several hours.
After filtration with suction and drying, the product
is taken up in hot toluene and subjected to fractional

15 crystallization.
Yield: 21.27 g (91% of theory)

Stage 2: Hydrogenation and isolation as hydrochloride
20

The hydrogenation 1is effected according to known

methods for the hydrogenation of nitro compounds, as

described, for example, in EP 905121, example 8.



/' 1\ 1 NO H2N H2, Pd OC OH 2nd stage 1410- N H2 Stage 1: Nitrosation 5
20.07 g (0.057 nDI) of 4,4'-di hydroxytetraphenyl net hane are dissolved in
100 m of glacial acetic acid, and 20 m.of isoanyl nitrite are added
dropwi se at RT. The course of the reaction is nonitored by thin-Iayer
chromat ography until starting material is no longer 10 detegtafbe.i00 -
200 M of water are added, and the precjpitated solid is filtered off.
This is triturated wth methanol and allomed to stand for several hours.

After filtration with suction and dr t he ﬁroduct is taken up in hot
tol uene and stfj2ct@d @%-95ad??%%a10 15 chysHanyazaryod, 3yretaitresoy g

(91% of theorwétﬁ@g@uﬂlmm@gewe odiaRdlved athonsas Rydroehketirde 20

The hydrogenat i s eff accqr to kno t hods f he
hydr ogenat i oﬂ" ?\ ‘EF%ncgﬁ%%gnd@ng g %g’e&r?é;e%\p ?%EC e%’é‘?rp?gdeé URBey05121,
exanpl e 8. ; 2nhd¥ 3886 The %Jﬁaeguiibxﬁ)Slﬁoll)ntﬂfoduced under Ar 1nert
4,4'-dih¥grox -3,3.-dinitroso- %i%aﬁhen ne are .dissolved in_2

0

m
of tetra-"hy ur%ﬁo(?H§¥EVlo y(fqge APE LGS INHRY 2 ert
gas. The suspenshmdrogenﬂtedda@edtun@etemperaEnreSfgas2Anmoeauprﬁvbausly

heat ed NYdr 09831 0B4PRC! He AW ol fFEOBRIELEH RinkPOSE! YPH A LEE TOr

suspension is transferred under inert gas into 150 ml
of analytical-grade ethanol. 10 ml of concentrated HC1l
10 are added to the mixture while stirring, and, when the
product has completely dissolved, the mixture is
filtered three times over a Bilichner funnel to remové
the Pd catalyst. The solution thus obtained is
evaporated down at 70°C and 300 mbar until about 20 ml
15 of ethanol remain and is added with rapid stirring to a
solution of 700 ml of diethyl ether and 30 ml of
acetone (Selectipur). The suspension is stored for 24 h
at -18°C. The solid is then filtered off with suction

and dried.

20
Yield: 21.39 g (94% of theory)
Example 2: Synthesis of 9,10—bi$(3—amino—4—
hydroxyphenyl)anthracene

25

Synthesis route:



H2 pressure. After a hydrogenation tinme of 24 h, the suspension is
transferred under inert gas into 150 m of analytical -grade_ ethanol. 10 ni
of concentrated HO 10 are added to the m xture while sti rri%é,”oé(n@,ﬂﬁmhen
the product has conpletely dissolved, the mxture is filtered three tines
over a Buchner funnel to renpve the Pd.]g%t al yst. The solution thus
obtained is evaporated down at 70C and 0 nbar until about 20 m 15 of

et hanol- remain and is ad with rapid stirring to a ion of 700 m of
di et hyl ether and 30 _m acet one (Salnejoﬁzg@ur)% nsion is stored
for 24 h at éég: 8 i g en filtered off Lh 2 i and dri ed.
20 Yield: 21.397g ahple 2. SyntK oc;

9, 10 bi s(3-am no-4- hydr hhenyl ) ant hiqaGgesge 25 Synt hes) A 2 4 NOV

:2006 16 _ HNGBi x2sO4 2\cH/O CH3 CH30 OCR3 1st stage WN\Q HO OH
2nd stage NO2 H2N H2/ Pd

HBr
2nd stage

Y

¥

H,/2d
3rd stage

Stage 1: 9,10-Bis(4-methoxy-3-nitrophenyl)anthracene

5 23.43 g (60 mmol) of 9,10-bis(4-methoxy)anthracene in
250 ml of acetic anhydride are initially introduced and
dissolved. A solution of 18.7 ml (0.184 mol) of nitric
acid (62% strength) in 100 ml of acetic anhydride 1is
then added dropwise in the course of 30 min to the

10 solution at 0°C. At the same temperature, stirring is
effected for 4 h and the precipitated solid is filtered
off with suction on a frit. After the end of the
reaction, the mixture is carefully poured into 500 ml
of ice water and thoroughly stirred. The product is

15 filtered off with suction, washed thoroughly with water
and recrystallized. For this purpose, the crude product
is dissolved at room temperature in toluene (2 ml/g)
and heated to 90°C, and petroleum ether (4 ml/g) is
added until crystallization begins. The mixture is then

20 slowly cooled to RT. The suspension is stored for 4 h



HO/ CH 3rd stage NO2 Stage 1:

9, 10- Bi s(4- net hoxy-3-ni trophenyl )anthracene 5 23.43 g (60 n’rml%l 31 9
10-bis (4-methoxy) anthracene. in 250 m of acetic anhydride If v i‘zqoﬁally
i ntroduced and dissolved. A solution of 18.7 m (0.184 nol) of nitric
acid (62%strength) in 100 m of acetic _anhydride is then added dropw se
in the course of 30 min to the 10 soluti!dn at OC. At the sane t enperat ure,

stirring is ;gf heqhed for 4 h-?%%t%dpgﬁghpif&%%‘ieﬁq' imhd HAdddar edy of f
with suction on a frit. After the end of the reaction, thé mxture is
careful |y po@rdgd des g6ohnirt 300G edagmtantd ane®E horoughly stirred. The
product is 15 filtered off with suction, washed thoroughly with water and

recrystallizeq. _For _this purpose, the crude product is dissolved at room
tenperature FAetSuéhe’ (g M’AF) Cfarfdaritled to 90C, and petrol eum ether (4
m/g) is5 added. until crystallization begins. The mxture is then 20
slowy cooled, to .. The suspension is stored for, 4 4 2006 17 in a
freezer at -%§ég§§'t§eﬁof' #élltse(;le"&ydﬁ?éq’b"r%ﬁtfc?r?%hewh}i@%ac‘zﬁnﬂ at 200
nmbar and 55C. Yield: 21.9 g (76% of theory) 5 Stage 2:

9, 10- Bi s(4- hydr gxy- 3-itr yl yagt hra 19, . I fo1y
9,10-bis(4- rr%( hgxé g(-opiiotllr g‘g{i:ﬂy{)%- gégphggggﬁle%}er@a 1 )%t %ﬁg’%@%xgl& of
but anone andanghzegene oinconcemixturel KB 20 rafll uréd Ywrarand wiid e

stirringg Afbep khe ogndRicddierd€agt 18R, Re SUSAGASE OFor 24 h while
stirring. After the end of the reaction, the suspension
is evaporated down to half its wvolume 1in a rotary
evaporator and the product is filtered off with
suction. Recrystallization from toluene is then
15 effected.

Yield: 16.64 g (92% of theory)

Stage 3: 9,10-Bis{(3-amino-4-hydroxyphenyl)anthracene

20
The hydrogenation is effected according to the known
methods for hydrogenating nitro compounds,. as
‘described, for example, in EP 905121, example 8.

25 13.56 g (30 mmol) of 9,10-bis(4-hydroxy-3-nitrophenyl)-
anthracene are dissolved in 300 ml of THF, and 3.00 g
of 5% Pd-C are added under inert gas. The suspension is
introduced under Ar inert gas into a previously heated
hydrogenation reactor and hydrogenated at room

30 temperature for 24 h and at 2 bar H; pressure. After a
hydrogenation time of 24 h, the suspension 1is
transferred under inert gas into 100 ml of analytical-
grade ethanol. 10 ml of concentrated HCl aie added to
the mixture while stirring and, when the product has

35 completely dissolved, the mixture is filtered 3 times
over a Blichner funnel in order to remove the Pd

catalyst. The solution thus obtained is evaporated down



is evaporated down to half its volume in a rotary evaporator and the
product is filtered off with suction. Recrystallization from tﬂ W99e20b§
then 15 effected. Yield: 16.64 g (92% of theory) Stage 3:

9, 10- Bi s( 3- am no- 4- hydr oxyphenyl ) ant hracene 20 The hydrogenation is
effected according to the known nmethods for hydrogenating nitro
conpounds,. as described, for exanple, in EP 905121, exanple 8. 25 13.56 ¢
(30 Mol ) of 9, 10-bi s(4 hydr oxy- 3-ni troptfenyl ) - ant hracene are dissol ved in

300 m of THF 2 f. 5% Pd-C ar dde detr.in rt The
suspensi on i s nfq o%l u(r)?&) aFnePngi # ?Bg %9 éUJreOl? yeﬁélgtn@&
hydr ogenat i onre:ean‘:hoanalndsh)ﬁc&dnﬁanmed aiohmnmrﬁ(bf ebpérmat uoé daret24lh and

at 2 bar H2 prﬁsure f‘ftﬁ{ a1 hggr g(?% |n§n kégfe()f 24 {1 Wlh:%s %Eﬁ ion

is transferréd onder g nér gas rmto anal yti ca grade anol .
10 M of conceniraied. HOhear pradded tics phrecrxmtt@rt@dmmetm rfomg @rfd,

when the @rod& k8o 3R COIReLyly ‘%‘r?éoé %ﬁo H‘S m_t HESréé f:'o%t %%;ﬁ

times over uchner “funnef “in order cat al

sol ution thusat-)btéﬁﬁéfd iBhevapbirdt é¢ d@b\ﬁn2f41N@Ue@0065f 1‘81%1]t1 POCta9 300
mbar until abguy 30;gk of ethanol remain and is added to a solution of 500
m of diethyl ether and 20 m of acetone (Selectipur) with - rapid
stirring. The product is precipitated in the formof 5 dark violet

crystals. Theysys@ens2oB7i g sBoredff @heddyh) at -18C. The solid is then
fi I.teredlé)ff wth suction

Example 3: Synthesis of 4,4'-di(3-amino-4-
hydroxyphenoxy) tetraphenylmethane

Synthesis route:
15

i:f cho3
1st stage :::j

K,CO,
OH + 2 -—
2nd stage




and dried.--Yield: 12.37 g (89% of theory) 10 Exanple 3: Synthesis of

4, 4' -di (3-ani no-4- ‘hydroxyphenoxy) tetraphenyl net hane Synt hesi ZZU ﬂg@qgs 15
OHBr \ / F\ '/ NOS KzCO3 0 1st stage _ F\ / NO2 HO OH + 2 2nd
stage F\ / NOZ 2 4 NOV 2006 19 0O d-OO02N/ \ O NOS Stage 1:
3- Benzyl oxy-4-nitrofl uorobenzene 5 157 g (1.00 nol) of
3-fluoro-6-nitrophenol are initially taken in 500 ml of acetonitrile in a
three- necked flask (KPG stirrer, reflux condenser, inert gas QRnnect i on),
and 174 g (1.02 nol) of benzyl bromide and 345 g (2.50 nol) Dot assi um

carbonate are added in 10 this sequence r inert gas. The ure is
refluxed for 3 hours at 90C. After coo gj{to roomtenperpature, the
m xture is filtered with tion ang emainding solid is rinsed tw ce

with 100 m of acetonib}ri : ach
0, 0 0 No,

&

0

Stage 1: 3-Benzyloxy-4-nitrofluorobenzene

5 157 g (1.00 mol) of 3-fluoro-6-nitrophenol are
initially. taken in 500 ml of &acetonitrile in a three-
necked flask (KPG stirrer, reflux condenser, inert gas
connection), and 174 g (1.02 mol) of benzyl bromide and
345 g (2.50 mol) of potassium carbonate are added in

10 this sequence under inert gas. The mixture is refluxed
for 3 hours at 90°C. After cooling to room temperature,
the mixture is filtered with suction and the remainding
solid is rinsed twice with 100 ml of acetonitrile each
time. The solution is evaporated down until it

15 crystallizes, and the crude product is filtered off
with suction. The crude product is dissolved at room

temperature in ethyl acetate (1 ml/g of crude product)

and precipitated with hexane (3.6 ml/g of crude
product). The mixture is stored overnight at T < -10°C
20 for complete crystallization.
Yield: - 194 g (80% of theory)
Melting point: 58°C
25 Stage 2: 4,4'-Di(4-benzyloxy-3-nitrophenoxy) -

tetraphenylmethane

30.74 g (87.3 mmol) of 4,4'-dihydroxytetraphenylmethane
and 43.65 g (176 mmol) of 3-fluoro-6-nitrobenzyloxy-



time. The-solution is evaporated down until it 15 crystallizes, and the
crude product is filtered off wth suction. The crude product is dissolved
at room tenperature in ethyl acetate (1 nml/g of crude productg, N@VdZUOb‘
precipitated with hexane (3.6 m /g of crude product). The m xture is
stored overnight at T < -10C 20 for conplete crystallization. Yield: 194 ¢
(80% of theory) Melting point: 58C 25 t age 2:
4,4' -Di (4- benzyl oxy- 3- nitrophenoxy) rOaphenyI rret hane 30.74 g (87.3 mmol)

of 4,4 -di hydroxytetraphenyl net nd 43.65 ¢ of .,

3-f1 uor o- 6-nP§"re6‘t9é‘n gx r)z/“'nl 266%‘*“201%&10?: aFE- PﬁFt‘F—Eﬁ ISFIER&D in a
t hr ee- necked fdtaisk edaqu‘nlpa&ki equti ipedam t hnapti Nefals gasorateyeicdd ,on, KIKPG
stirrer and ref.l ux _condenser., 350 m .of N, N-di.nethyl - f 1 de ar e added
to this nixt L‘??'é‘rgt roaorr‘ﬁ?S TEEMBEY USR8 0 S?Eﬂym%l %’W’W% e added
to the sol utficomauridier imaeet gasdedd the sotbison méxtetkuxest atrddsC for
4 h. The gPr ogry e ac{ion ed-h ) t.hi n-1 ayer
chr omat ograp%y%%(% I uélh% 621 fof)l eu&%% h@?g{:rrggt?%é%%ﬁgg: de%OyIin%
acetate = 2 :EO(lRtlip@du@nd&r Oinegyrt. oEs eandortﬁieeteolubhver gisorpefihexed :

suspensi on i s copkednt o] e t E?Ir@? to
sol ution (3%t n?bgchg%élg 3 hopp%dé—lv thg)lgo é)l ce th% ré‘%{:‘)gglglﬁ }Siqs_|

preci pi t at ed Gheckss fb@ﬁvréy ﬁam FRaEsy sPAl sthmhelqzeﬁr éthzrﬂmaa&q%an@

accel erated Ryladdicng kewHo12m afheret hyHra0stat . gdhe gr@ductedis,1

fIr ff, rin
'ite egoo acéta%%g OnCS

1 (Re,prodquec = 0.49)). After complete
conversion, the  suspension is cooled to room
temperature and poured into ~ agueous KOH solution
(350 ml of H0/7.2 g of KOH/100 g of ice). The product
is precipitated in the form of yellow crystals. The

15 precipitation is accelerated by adding about 20 ml of
ethyl acetate. The product is filtered off, rinsed once
with 200 ml of H;O0 and then poured into 350 ml of acetic
acid solution (320 ml of H;0/30 ml of concentrated
glacial acetic acid). The solution is stirred for

20 30 min and the product is filtered off and additionally

washed twice with 200 ml of HyO.

60 g of the crude product are dissolved in 350 ml of
tetrahydrofuran and heated to the boil. The solution is

25 kept at the boiling point for 30 min and then filtered.
The solution is heated again to the boil and stirred
for a further 30 min. Petroleum naphtha (boiling range
60-80°C) is added dropwise until precipitation of the:
product begins at 65°C. The solution is allowed to cool

30 to room temperature and is stored for 24 h in a
refrigerator at 4°C. The product is separated off by
filtration and rinsed with twice 100 ml of petroleum
naphtha (fraction 60-80°C). The recrystallized product
is dried at 50°C/200 mbar for 24 h.

35
Yield: 63.35 g (90% of theory)



with 200 M of H20 and then poured into 350 ml of acetic acid solution
(320 ml of H20/30 nml of concentrated glacial acetic acid). The solution is
stirred for 20 30 min and the product is filtered off and additionally
washed twice with 200 m of H20 60 g of the crude product are2di §8VI288d i n
350 mM of tetrahydrofuran and heated to the boil. The solution is 25 kept
at the boiling point for 30 mn and then filtered. The solution is heated
again to the boil and stirred for a further 30 min. Petrol eum napht ha

(boiling range 60-80C) ,ig,added dropwi se.uniil precipitation gf t

product begi %§a§1‘3 65¢. ‘i’hg s"gllggl—éﬂu' -éﬁg{é@)f)&l&%’gfmg)otq%raﬁgbﬁﬂyhﬂ

t enper at ure aedhiamnester athd ttydbdhlioriaderefrigerator at 4C. The product is
separated off by filtration and rinsed with twice 100 m of petrol eum

napht ha (fraction 60-80C). The recrystallized product is dried at 50C 200
nbar for 24 The35 hgiddtabertBtBong (80%edfddiBoidy) a2cdr8Ng2066 XnStrage 3:
4,4 -Di (3-am -hydroxyp 0 - t a rochl ori de
The hydrgge%tg?g%ﬁgs%e %c'ltggl% g&%ﬁé%ﬁ%&n&ﬁ Jl1%‘[']£rer(1)et %85' 8\%;1,[&%,,[ h%g

hydr ogenat i odestrabede dormparaipleas iR rIded21f oexamphpl ®; in EP 905121,
exanple 8. 54.48 g (67.57 mol) of 4,4'-di(4-benzyl oxy-3-nitro-

phenoxy)tetraphenyl net hane are dissolved in 600 mM of 10 THF, and 5.00 g
of 5% Pd- C aPé-48dedl UfdeP’i nefodds. 0 Fhé - fusptinkd ienay i nbrotitidd Qmder  Ar

inert gas inpBedoxy)@eiraupherifatathdhlr agenadi 880186t Am apdo ml of

10 THF, and 5.00 g of 5% Pd-C are added under inert gas.

The suspension is introduced under Ar inert gas into a

previously heated hydrogeriation reactor and

hydrogenated at room temperature for 24 h and at 2 bar

H, pressure. After a hydrogenation time of 24 h, the

15 suspension is transferred under inert gas into 200 ml

of analytical-grade ethanol. 10 ml of concentrated HCl

are added while stirring. After the product has

completely dissolved, the mixture is filtered three

times over a Blchner funnel to remove the Pd catalyst.

20 The solution thus obtained is evaporated down at 70°C

and 300 mbar until about 30 ml of ethanol remain and is

added to a solution of 700 ml of diethyl ether and

30 ml of acetone (Selectipur) with rapid stirring. The

product 1is precipitated in the form of dark violet

25 crystals. The suspension 1is stored for 24 h at -18°C

| and the solid is then filtered off with suction and
dried.

Yield: 37.46 g (87% of theory)



hydr ogenated at roomtenperature for 24 h and at 2 bar H2 pressure. After
a hydrogenation time of 24 h, the 15 suspension is transferred under inert
gas into 200 mM of analytical-grade ethanol. 10 m of concenéraw @%1
are added while stirring. After the product has conpletely d és é Y the
mxture is filtered three tines over a ?uchner funnel to renove the Pd
catalyst. 20 The solution thus obtained 5 evaporated down at 70C and 300
nbar until about 30 m of ethanol remain and is added to a solution of 700
m of diethylpeidret crtim&80 ml of acetone (Selectipur) with rapid stirring.
The product is precipitated in the formof dark violet 25 crystals. The
suspension is stored for 24 h at -18C and the solid is then filtered off
with suction and xArb¥skoYamidopBendd @f( 8T8 dfoxrhebryl 24NOV2006 22
Patent clains 1. A bis-o0-am nophenol of the formulal HZNNH2 | /_M/ HG
G1d 5 Formula | in which 10 Gis oxygen or sulfur; Mis\ z R

HN

N NH,
| X
>
HG GH
Formula I
in which

10

G 1is oxygen or sulfur;

M is
AN
l R’
/
=~
Rl
NS

15



R RL'RZ:: 152 4 Nov 20136 23\ 1 I / RR2 Cp-*T Rl, R2, in each
case i ndependently, are *--~H2 CH3 *-G-f - --TCH3 2 2 ,CH3 CH3 *-C CH3
*GAQ CH3 * ( CF,-+.- CF3 CHB CH3 CH3 CH3 G-~CFZ2 CF 3 *-GCH *-CH
CH3 CH3 CF3 CF3 CH3 3 *-CF *-CCF 3 *-NCF3 CF3 CH3 CF, 5 Tis RO R R2
10 nis fromO to 5. 2. The bis-o0-ani nophenol as claimed in 2kaN@¥ 20060f
the formula Il 2 4 NOV 2W6

SOOI G, e
AT,

N
w0 O~ * *
=
T

T
R}, R?, in each case independently, are

- *—Hc—J—CH «.—s—{—c—ﬁ—cn
B /n 3 I n 3
2 ‘2

_CH, CH,

7
*CCH, *—G—CCH, *—(_'CF—)—n—CE‘:,
CH, CH,
[ v /CHa /CH:i
*»—G U Cr3 T= \"FB *"G—'C{{ *_Ci'i
CH, CH,
CF, CF, CH, cr,
*+—CF *—C—CF, *—N w N
\ \
CF, CE, CH, CF,
;
5
T is
1 .
R (o} R"
i Il [
*—C— % *—C~— * 0% S w—N—x%
22
10
n 1is from 0 to 5.
2. The bis-o-aminophenol as claimed in claim 1, of

the formula II



24 HZN HGMGH NH2 Formula Il 5 in which Mand G have the neani ng
stated in claim 1+ 3. 'The bis-o-amni nophenol as claimed in claim1 or 2,
wherein Gis an oxygen atom 10 4. A process for the preparatign of bis-o-
am nophenols of the fornula I, wherein a diol of the formula gﬁINQV K06 HO
OH 15 Forrmula 11l in which Mhas the nmeaning stated in claim1l1, is 20
nitrosated with a nitrosating agent to give the nitroso conpound, and the
nitroso conmpound is then reduced to thezpis-o-aninophenol of the fornula
. 5. The process as clainmed in claim4, “wherein the 25 nitroso conpound
is reduced with hydrogen gas ugq@r the action of a catalyst. 6. The
process as clainmed in claimb5, Wherein the catalyst is palladiumon active
carbon. 30 .2 4 NOV 2006 25 7. Thk ocess | aimed in any of clainms 4
to 6., : HG M GH

NH

Formula II

5 in which M and G have the meaning stated in claim
1.

3. The bis-o-aminophenol as ciaimed in claim 1 or 2,
wherein G is an oxygen atom.
10
4. A process for the preparation of bis-o-
aminophenols of the formula I, wherein a diol of
the formula III

Formula III

15

in which M has the meaning stated in claim 1, is
20 nitrosated with a nitrosating agent to give the
nitroso compound, and the nitroso compound is then

reduced to the bis-o-aminophenol of the formula I.

5. The process as claimed in claim 4, wherein the
25 nitroso compound is reduced with hydrogen gas

under the action of a catalyst.

6. The process as claimed in claim 5, wherein the
catalyst is palladium on active carbon.
30



wherein the nitrosating agent is selected fromthe group consisting of

I soanyl nitrite, al'kyl nitrites and a m xture of sodiumnitrite and 5
concentrated sulfuric acid. 8. A process for the preparation of bis-o-

am nophenol s of the fornula I, wherein a protected diol of the4 d0vupogs!V
10 M RG/ / GR Fornmula IV 15 in which Mand G have the neaning stated in

claim 1 and RS is a protective group, isS nitrated wth a nitrating agent
to give the nitro compound, and the nlgPo conpound is. then reduced to
give the bis-0-a nophenol of the iornula . 20 9. The _process as cl ai ned

in claims8, WhereilhS HFOPPEEe@T vELBIBER RS i 0¥ RouFledPshie 5P o
under goi ng r educt whereiinr tied i RHtrdbat@ngTheytOCcES Ss@seetalimedtonh id her
of clainms 8 and 9r wherein the rot ect ii_ye group S i s .a henzyl %.I‘OLip.
oup COIlSlS ing e} soamy nitrite, alky
nitrites and a mixture of sodium nitrite and

_ 5 concentrated sulfuric acid.

8. A Dprocess for the preparation of bis-o-
aminophenols of the formula I, wherein a protected

diol of the formula IV

10
AN
. M )
R%G Z Ner?
Formula IV
15 - in which M and G have the meaning stated in claim
1 and R® is a protective group, is nitrated with a
nitrating agent to give the nitro compound, and
the nitro compound is then reduced to give the
bis-o-aminophenol of the formula I.
20
9. The process as claimed in claim 8, wherein the
protective group R°® 1is a group capable of
undergoing reductive elimination.
25 10. The process as claimed in either of claims 8 and

9, wherein the protective group R% is a benzyl

group.



