E QRSTUVWKe3e+t +q, *&\ T D  Description Mnoners for insulation materials

i n alum num and copper technologies 5 The invention rel
bi s- 0- am nophenol s and processes for their preparation. ﬂﬁmﬂ“\‘ﬂmu‘w‘““‘l‘m _
ez cs,  can be

bi s- 0- am nophenol s are suitable for the preparation of 0

whi ch, after conversion into the 10 coHresponding pol ybenzox

used as a dieﬁéggfi ifymcrochips. In‘order to avoid an inductive
di sturbance of signal's which is caused by capacitive coupling, conductor 15
tracks adjacent to one another in mcrochips are insulated from one anot her

by a di el ect nkdn fdANgeg,Pet yren1hheoroNdleles ailacks, Gnpeunds Whgh are
to be used as a dielectric nmust neet various requirenents. Thus, the signal

transit time SIPRATARHPRLAEHRTIAs 20 both on the material of the conductor
track andg on the dielectric which is arranged between the conductor tracks.
The |l ower the dielectric ,constanEL of the dielectric, the shorter, tog, is

the signal trahsit OVEREI e sEELEkSSaseliodi PERTPTRINERRSES18at @ FAve a
25 di el ectri omonsisad Hdr abhel rdprépasatimner iTHes ai e gF adiadplyehel g
replaced by qrganic_diel ricg which, have _a substantially.|ower.dielectric
constant. The i el e%lflr?%gg%nstgﬁf of le%'lﬁeseprlr’a é-’lrri%‘atﬁ%s?nl S gc}/efner a??lyy bel ow 3.
30 I n mcrochiydregstuintesy atwipkalsent ,after combkrversiomcksipref erlipéy
consi st 1¢f aldyy ol or A GHSH o Vi LR LACT easiNg 1,4t egralyi on density of
1 fE’é{% les’
t he menory Chéi%_%ls, t Oe_r el%bs ajpc}hi%g.eg\?er to copper as conductor 35 track
material, owHPIFHREC | TPl @r@eRiPRal resistance in conparison with
al um num Copper permts shorter signal transit tines and hence a reduction
in 2 the condugtor track cross secfion. In_contrast to the techpiques

customary to Wht®F9eh W9 VL BPe AU YR f1FEREPARES $IERHRs

bet ween t he canichict ofs t r@aksedi nbiyhe capppreart idamaserird irechni epiedud ther 5
di el ectriésc i first structured. The resulti n% trenches .are f.irst coated
ry t

with a \} '%Ckbsar 3 a?/\?ﬁl%h, t?orogﬁanﬁpg,t Eonsitdt s HHTCHQ%%H%man?t ani um
nitride, tantiasismmateght &em nonei deposher cdy car bfitdelestricomriange® or
silicon carbgptride. [ L ' ne 0 hd s

di ffusing ou'(tggo ét%g %%gndﬁ%l?%%é%ﬁgcﬁ?%gg't %gﬁéép%ﬁg%nﬁﬁghdi%ﬁ?tor ia%é)Wnen
the producti s BFe & hedRChHFicnchages MASdu¥RrdAVSt KRB WFRTEINERquUire

tenperatures @fuA00€ner Bighsl. dheiepft &limd hent rRpEPEEnEHE fdddndd | | ed
with COproer both on the material of the conductor track and on the
dielectric which is arranged 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
Y- 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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15 and then excess copper is nechanically ground away. The dielectric nust
“"therefore be stable to the materials used for grinding and nust have
sufficient adhesion to the substrate in order to avoid becom ng detached
during the mechanical grinding process. Furthernore, 20 the dielectric nust
have sufficient stability in the 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 under

(6]
deconposi t i oh8v&PRRUG et BREF e STOFS2 5 Gtk £OR haﬁn40¥R§tW'go$8r Ehene
di el ectric nysthheéqggtablaudwonameess ad,cals, wilich asheolM@liestric

strippers, bases..acids or _aggressiyve gases. Further requirenents are good
sol ubi lity anh8 afégiFgci éﬂf‘oshgﬁ?-l ¥F8g8 ©Phe SF@’@&PSO% % r GRWASHY S he

di el ectrics 8Paake, pr attucedhelol gbppeoxazddmss¢EBEs) tagchrpicdyarer s tidd ch
have very high_heat resi.stanc The_subs ces,are ready used for the
product i %n ongESFéé%f%vésang*f%%UFEFPﬁguﬁ;‘%r2?%5%%@%%%%03&? &$%an be
prepared by eyel ifZatstoncohatpdl widthyar sveyrayn tlesn Pae rpary -whhygldr oxfpam des
nave good SoLubbiky | SHOANE SYvent £ @Rtk go0d {ildR;ud Spldfigfmti on
properties. ez can be applied to el ectronic conponents in a sinplé nmanner
by neans of thABtapifcoatambalvBhmifeldey t &1l a%rer FATRidet msdtlligemwhi ch

the poly-o-hydeexman &g i sscypdédzedchonehyert be . polmbianzoxazel er aigol yner
whi ch hig the desired properti.es i s obtained. Pqlybenzoxazoles can. al so be

processetl di PEEEF§AFY tHRi AVAHY i P8Rt orthOS GHEEYEINE RYGeRr, Hfere are
askfa rul F di i:jéhduﬁtbes t?m:radikft i'ienﬁi):c uhé: iig/rﬁdﬁtémdﬂfngo!dﬁrmlrd ec thhic mMatleani sm
taking place_jn the cyclizatiqon pol y- o- [ oxya s ta :

pol ybenzoxazbiEs TOSEHHER citdmabRBal Ty BT S H AiCiudss rBrogyction
| ~ci o OH H2Bages WhlixlOraguifeOtempatriatgresheos- KPdreX yami e gheel.i zes to
give the oxagnlecpaLer heldo.lbhenaled.eThes POLY s hud aya degoare
prepared by reactrng biso-am nophenol's Wit h dicarboxylic acrids. Re
properti®s ofn@h&hgsl excess woFRaTolisamedianhea by yoearoia2vhy - pf&gar ed

t her ef rom argi gybstanti ahlyr deherirded byet %a‘ﬁl@”@és ﬂ%?e?dmﬁ%e§ti§'1%i ng
mat erial. Thus, _naot onl yéc{]%ﬁ herpal , el ectrical _and, nmechanj cal behavi or

but al so t heU88fubPrFi GF1 | 329 PEShy drey T FiGirabhi #FRFSAAB FGmer ous
ot her properthes ehbsbeapel yiar sogderi ntbueaceddbybtbemtiype detaghedphenol
used in the 8 aratji.on. In.order_to be e togprovi de F%éﬁenzoxazol es

re

whi ch can be Hggagi ntlﬁ?cfrbeecf}é%ﬁco% cITaTGH ePESESE be SERS et al

pl anes, 20or ekanplieliectmic i mukitp mavdell s f fienent chtpbiamndyl agl c tbli ps, or
as a buffer chi ng J NQUSEN LL | ryeto
provi de star %?ﬁéggﬁggéﬁfgﬁgk\%ﬁfc h@ti%r?%aﬁlﬂ tg‘;%blgggl fe%?trp’lll%gl Eé@ﬁéﬁnggg? bt
nmechani cal akbet pacFoichips arg 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 have
good solubility in organic solvents and good film



.10 15 20 25 properties to the polymer. Mnoners for the preparation of
readi |l y sol ubl e pol ybenzoxazol e precursors are described, for exanple, in
US 4 525 539 or EP 317 942. Oning to the constantly grow ng requirenents
with regard to the efficiency of the mcrochips and the associ ated
m ni aturization of the sem conductor conponents, however, a constant
further devel opnent of the polyner naterials is necessary in order to be
able to fulfill the mechanical, electrica and chem cal properties required
for the polyners even with decreasing dinensions of the conponents. This in
turn requi r eFdriidtion dexsiopiesd . ofhéPecanablealid 1T Seioitthgic
preparation of o%¥b nzoxazol es,or .their solugje ﬁrecurso Se It is.
t her ef or e anQﬂﬂﬁ? enfsS + AR ihvEATPSR tTETRSYi &Y nBFERSsteh t PR MR T al s
whi ch permt ddatiprepaecehnbguef Aftwrat & ngheamaier srediteéntada avihiah
dielectric cqnstant_and hj hea bility an abi | i tg.chemcals. The
object is ac%ﬁgaedﬁ%gyb?sbgagﬁgX%%;éﬁol§j%f ?HgIE%F§UIa£% Féﬁ&g ~ ﬁﬁﬁ I ~ HG
GH FornulSa | ®ybendvxdezad e s oxygenlymesul fwhiiciM i as | theRi desifad/ /
-G r -0 ~ o Gea w1 W RXs/ Bbed; R+ dzdxazoles ~ car | = Rx
S iy § eprengile Myl Shedifed. Tediyiedadidzoleygarll alko 5e

processed directly in their cyclized form. In this

case, however, there are as a rule difficulties with

the solubility of the polymer. The mechanism taking

10 place in the c¢yclization of poly-o-hydroxyamides to

polvbenzoxazoles is shown schematically below:
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15 On heating, the o-hydroxyamide cyclizes to give the

o=n

Je

oxazole, water being liberated.

The poly-o-hydroxyamides are prepared by reacting bis-
o-aminophenols with dicarboxylic acids. The properties
20 of the poly-o-aminophencl 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



oV /1 T*\ 1 TR, R in each case i ndependently, are * ~ ~ *--~H-CH3
*--Gf --H~CH3 2 2 6 ~CH3 ~CH3 *- ~ CH3 *-GQ CH3 *-.-~-CFi -~-CF3 CH3
CH3 ~CH3 CH3 *-G--~-CF-~CF3 *--GCH *-CH CH3 CH3 ~ F3 ~CF3 ~ H3 CF3 *-CF
*-~-CF3 *-N~ *-N\ O3 CF3CH3 CF3 Tis 1 1. RO *-C* *-C'* *-0-* *-G-*
*NRz 5 nis fromO to 5. The bis-o0-am nophenols of the formula I,
according to 10 the invention, are suitable for the preparation of
pol y- o- hydr oxyam des, from which pol ynerisc dielectrics which have a
dielectric constant of k < 2.7 can be obtained. These polyners are very

sui table for %békegega&bower YHIReRer AlMdokdles CY6LT ZAki pRephrhfi@opol y-0
15 hydroxyanlde %Qﬁzoxa ol es whi h have h;gg1re5|stance t 0 process

chenicals, sBEh 5? ent¥° %?}?ppBP ybgpzexazpdigls RFCSYHFRES| v8 Fases,
are obt ai nedde'srbeﬁbeapl fme:r Semeplaé,somuw andi2tgl93 Subt albe 31.0r odhe copper
damascene te hnlg ng t he % g |nd process LN, mhlchtexcesa copper
is renoved, sa59an 8eo&$Q§ %ﬁgdefgﬁyﬁﬁ??SH Scr ¥ Png or
bubbl e fbrnaregardod&urthEhee&ﬁhe&eunyofo§ucﬁhd|eﬁxﬁtachxpﬁt)amhb shef aces
rel evant forangf,’l&@EH”O' Rﬁﬁaa%‘d?lz%%l%y ' CCB‘E S'£h§°” E?fngl:gﬁd gkbicon 25

carbonitride rcon nitri i tani trtani um
nitride, tancemnﬁnﬁntﬁvd@OMﬁW§n,|dbncgnyhantl@@rﬁhﬁnmﬁsN%ﬁmmmeﬂheoéolyners
prepared frloé“Eo@&n%eS? IdanRhano! s aﬁﬁféQéQEyt Ant Reddven) ipa ahbgevery
sol uble in many ganlc sol vents. Suit e 5 solvents are, for exanple,

acet one, cycF%hefda Bhel drleenyhesbanbedl, anglarsrhghrlet ABA, Chemica

Nnet hyl pyrr %tgﬁéﬁtlésbmﬂé@l%@neio&t hythlaact;&s & hoxyeet hylviaget at e,
tetrahydrofu&an or ethyl_.acetate. gyt% be rea tg P Cessed EX spin

coating, ecreasing’ dimensions componen 1s in
requires further development of the available monomers
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 low dielectric

constant and high heat stability and stability to
20 chemicals.

The object is achieved by bis-o-aminophenols of the

H,N NH,
X
HG GH

Formula I

formula I

25

in which
30
G is oxygen or sulfur;



10 spraying or dipping techniques and give filnms of very good quality. The
“pol ybenzoxazol es derived fromthe bis-o0-am nophenols according to the
i nvention noreover have very high thermal stability. 15 Bi s-o0-am nophenols

of the formula Il HZN HG ~ ~ M\ I GH NH2 FORMULA Il 20 in which Mand G
have the abovenenti oned neaning, are particularly preferred. The
bi s- 0-am nophenols of the forrmula Il can be prepared in high yields and

hi gh isomer purity, which substantiallyffinplifies the 25 purification of
t he products. The bis-o0-am nophenols of the formula Il can therefore be
made avail abl e econom cally. The bis-o- anlnophv'-ls according to the

i nvention are 30 divi x2(G - S) and bis-o

am nophenols (G - 0). t he sake of S|an|C| bot h cl asses of conpound
are conbi ned under the ferm"bis-o

_ i ‘ Although pol ymer s
K > 8
bi s- oam not hi ophenol s, Ihe bis-o0-am nopheke: —.are of greater

i nportance since, OWw ¢X iy 0 oxidation, they can
be nore easily proces “-ng t he bi s-o0-am § s of the fornula I,

t he conpounds in whic IS an oxygen atom are erefore preferred. 10 In
order to be suitable for industrial use, it is inportant that the

bi s-0- anlnophenols of the formula | be obtainable in a sinple

and- econom cal ma e he invention therefore also relates to a process
for the preparation S- 0- am nophen 15 wherein a
diol of the formula ‘ 5 the neani ng
stated in claiml, S Qsat ed q.ve the
nitroso compound, and i
bi s- 0o- am nophenol of

& fornula |. 25 For tHe preparatlon of the

bi s- 0- am nophenol s,0% the formula I, the diol of the formula Ill is first
dissolved in a suiffabre inert sol vent at roomtenperature. Suitable
solvents are, for exanple, 30 al cohols, such as ethanol, isopropanol or
but anol ) acetonitri 1g et hyl acetate or propyl acetate,

ket ones, such as
chl ori nat ed hyQp-

) 2 20 di chloro e or nethyl ene
chloride. The 9 «—0 C—y
*/Og D\d\*
~A OO L
T T

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

*—© *_(-—ﬁ:')n_cn= *—-G—(—gz—};-cns

one or diethyl ketone, or



_solution preferably contains from5 to 30~ by weight of the diol of the
forrmula Il which is used as a starting material. Thereafter, a suitable
nitrosating agent is added and the m xture obtained is stirred at 5
tenperatures of, preferably, from-15to 40C, in particular from5 to 15C,
until virtually conplete conversion of the starting material has taken
pl ace. Suitable reaction tinmes are in general in the range of 1 - 10 hours)
in particular 2 - 4 hours., In order to 106separate off the resulting
nitroso conmpound, the solvent is first _evaporated, preferably under reduced
pressure. The nitroso €dhpound can t he®fbe purified by recrystallization
froma suitable solWehf ¥ by sapdraf{drilby coldﬁﬁ%ﬁﬁﬁﬁﬁgfb ;aphy using a
suitable 15 eluent. TheHadvant age of (CHg process according to the invention
is firstly that the diol of the fornmula Ill which is used as a starting
material has sufficient reactivity 20 to achi eve substantially conplete
conversion of the di hydrgxy coppound within pé&Riods of intkflest for
i ndustrial use. Fur%hé?n&reCFz ﬁ?ﬂroxy?ﬂbwﬁ@ps of tha'dﬁhydroxy conpound
of the fornmula Il need not be protected by acpgotective geaup, so t hat
operations for 25 introduction and elimnation of a protectiVve group are
di spensed with. If the hydroxyl group is in the para position relative to
the group M the nitrog@ggroup is ;Egectively Vngroducedlﬁﬁ;o t he phenyl
ring in the ortho pesidg on rel ajiv¢e-¢m the hyqdy oxyl gredp, so that, 30 in
t he subsequent purificé&%on, no répgpval of unddsired isoﬁggs IS required.
This too contributes to tthe econont@al preparatidn of the 3.
bi s-ort ho-am nophenols of the formula I. 35 All custonmary nitrosating
agents can be used for the nitrosation. For exanple, isoanyl nitrite, alkyl
10 nitrites,Fnd ain1xture of sodiumnitrite and concentrated sulfuric acid
are suitable. The %urified bi s-o-nitroso conpound is then reduced to 5 the
bi s-0-am no conpound. For this purpose, the nitroso conpound is first
di ssol ved in agpbuitable solyent. For exanple, ethers, such as r*
t et rahydr of urah or di oxane,llare suitable. The reduction to the an no group
i s preferably gitected w*{TChydrogen 8T *cat al ystSS6)* a 10 suithbre
catal ysts In ortler to accelerate the reaction, the hydrogenation is
advant ageously effected at el evated hydrogen pressure. A suitable catal yst
is, for exanple, palladiumon active carbon. 15 The bis-o-am nophenol s of
the formulan cantsl £eomeld prepared via the corresponding nitro conpounds.
The invention therefore also relates to a process for the preparation of
bi s- 0- am nophenol s of the fornula I, wherein a diol of the fornula IV 20 \
\ MRsG/ ~ &€ PaprAra™tpophepplghich Mendd™bie fhe aFfERHHEY stAted in
claim rJllcanpl Beei Si.rﬁreﬁ'[ﬂc)l.l'ldm,t Ll\a&r?gr euf talbd eni tfb&tde_elhw' Lﬁrapﬂg&tﬁghngoﬂﬁent to
give the nitrao compou and. the niitro ¢ und i.s then r ed to the
Bi - 0- ani nogHERGTo Y GHETURHATS: | T30 THALTRt PRAVBI O (Re T OTeeted di ol
of the formwhidly hsavef f actdiclsigicusbasiantni 0fatk ng r2dyents, Her
exanple nitrd i Nind. L | ; furl I 1 ., fl.Ni
pentoxidetndéﬁéﬁé hi?%é%g.%ﬁ%9ﬁ%¥%lgf& 98%9 Sutkdbie fo‘f{f&Eﬁb
narrow trenches. After the cyclization of the poly-o-

15 hydroxyamide, polybenzoxazoles which have high
resistance to process chemicals, such as solvents,
strippers, bases, acids or aggressive gases, are
obtained. These polymers are also outstandingly
suitable for the copper damascene technique. During the

20 grinding process in which excess copper is removed, no
disadvantageous effects, such as delamination, cracking
or Dbubble formation, occur. The adhesion of such
dielectrics to the surfaces relevant for chip
technology, such as silicon, silicon carbide, silicon

25 carbonitride, silicon nitride, silica, titanium,



this reaction, however, it is necessary for the hydroxyl groups of the
“starting material to be protected by corresponding protective groups RS.
After a purification of the bisnitro conpound, the vitro group 5 is reduced
to the am no group. For this purpose, the bisnitro conpound is dissolved in
a suitable solvent, for exanple tetrahydrofuran, a catalyst is added, for
exanpl e pall adi um on active carbon, and hydrogenation is effected with
hydrogen in an autocl ave. 10 The prot ect;ve group RS is suitably chosen so
that it is reductively elimnated during -the reduction of the vitro group
to the am no t@@WAun N difh At &idheae! | phRahion af ciheePiodt Gl Mo oup
Rs requires no 15 addi ti opal productiqgn step. A_benzyl group

i S
parti cul ar | y XyPe&Bfeus et ay e gPetectThHe FPIYPeRS. RFgpared from

bi s- 0- am nopherolsi #foldpidepHenhaels GrrARAIRACEED tMd hifi-eaEhexyldfe aci ds
or their activated d(g{l Vﬁtl ves 20 to give the desi rﬁg 1gol y-0- hydr am des.
For this purf&se, tH € o- &R ndPHENol STFR e fBPHYFRCF: ar & wi th
a di car béxyl isolaent sor aae,actiomt esxainpheboxgkbketoael, d declviaxesmafe t he
formula V O (.. L L ORMULA V. in whixch hS a hydroxyl grqup or an
activating g%&&ﬁéﬁé{geéﬁd Y frgo,if% pri nca}np e an?lgitvé’llent h%tgdil?o%-ar bonq\radi cal .
For exanpl e, mechy lphviroilddoner, acti-batydodscseone.f or eshandpl e lsdtfahd ¢
esters, can hg¢ actj ' gro |.carboxyl i c agi
derivatives of ?sﬁ)e or r1r1u§llia V.écﬁ%&%’ac; i gﬁt%%ﬁ}(ﬁgsgﬁgg% amé%ophen'o Bgl of Vv
12 the fornuPgetased Gheyhead Qe Hosgdi kY aprasesretnbyf 6PN £0f tdad
hovever j pal S%p‘i%y&hfgﬁ(‘dzeddiﬁpiﬁg RIRILNCRdY AngOogRYende s holchkjard) es the

carboxylic acid, such_as, for exanple, carbony|diinmdazole or 5
di cycl ohexyl 88PBodPHALYEY - | T | gﬁ%?néﬁﬁa?éia@%n@e%‘f%qi bﬁ'rrrﬂi“t HdSnat er
fgr m=3dI in tEbi&e@shm?obhehﬁeﬁgeickﬁsr@i@gsu'bt’&llﬂee. ?E@ﬁnt?@np&r@&@l caieixgn ﬁf
t he pol y-o- roxyam des, .t i S+0-am,naphenols of the fornula I and the
di car boxyl i c%g&edY’SFYog‘EP ngﬁﬁ es%@bd'ici t<'}-‘r3’E)'oxyI ic acid derivative of the
formula V are reacted in an organic solvent at from-20 to 150C in the
course fr SLL 1ol Rel | reed. rmnal groups of the
pol ymeer:jan %?Sbloo%égo%ﬂ#h%%ss&iftg lélle read’falﬁ.lt he pol y-o- hydroxyam de
formed after 15 the reaction is precipitated by dropw se addition of the
reaction solution to a precipi tgsﬂ ng agent, washed and dried. Suitable
precipitating agents are water andy alcohols, such as isopropanol, butanol
or ethanol. M xtures of these_ preg ating
precipitating agent can al so I @ i orrF’(b. 1 to 10~ of anmoni a.
The precipitated polynmer can be diYe processed by filtration
and drying and, for exanple, dissolved in one oing he solvents mentioned
further above for application to a 25 sem conductor substrate. The
pol ymeri zation to give the pol y-o-hydroxyam de can be carried out in the
presence of a base in order to trap acid liberated. Suitable basic acid
acceptors are, 30 for exanple, pyri PRYUL#y iIdt hyl ami ne, di azabi cycl o octane
or pol ygonyl pyridi ne. However, other basic acid acceptors may al so be used.
Compounds whi,ch are .readily soluble in the solvent, used for the synthesis,
for exanpl o REMAHAYH BRRISh AR PR (RO FRH (ARG HBe381E8enf S or
exanpl e wat epaativatlerlig qutwfertadur @he obiskosamihopheabdsconpl el vy
Lgf;{/?ﬁ;fp;p;ggﬁgﬂ' VEPL ¢ a3 CRe@Snr L85 E42R) CniGhOSFLEPEEY and high
isomer purity, which substantially simplifies the

ts can al so be 20 used. 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 = 0). For the sake of simplicity, both
classes of compound are combined under the term "bis-o-



13 are particularly preferred. The acid acceptors can then readily be
"separated fromthe resulting poly-ohydroxyam de during the working-up of
the reaction product. 5 Particularly suitable solvents for the pol yner
synthesis are y-butyrol actone, tetrahydrofuran, Nnethylpyrrolidone and

di met hyl acet am de. However, in principle any solvent in which the starting
conponents 10 are readily soluble can b& used. The pol y- o- hydroxyan1des

repared in this ner an rted.into th eS|red henzoxazol es
Ey Eeatl ng worH 83? |q'dn g‘&t&o %‘g B8 LS T e c KEYAZIE ei‘pﬁfﬁ f&F B S hove.
Oni ng to theprogemtielsect canal , ohambceal @méptalmd calhuyimgper thies-o-sai d

polybenzoxazghﬁ 348 o %e%oﬁ%'t%§£ ﬁé§%| gﬁ%egéronbzpﬁrlp%&

i nvention is exp alne Inonmore exa
Exanpl e 1: Sgmeaésirs oimyBtani¢an ﬁ@n¢e4 di pyimoxyttet r aphehny| nitigher 25

Synthesi g routeii1i {4 5t§p 2 2 d st ge 1:

Ni t rosat |§on O—é i'sl O{?)f (IQ—%tRRl C\ Qhey gg’r N%g I%Bge %%%1@3?‘
processed ong the bis-o-aminophenols of the formula :
I, the compounds in which G is an oxygen atom are

therefore preferred.

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. The
invention therefore also relates to a process for the
preparation of bis-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, isopropanocl 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



20.07 g (0.057 nol) of 4,4'-dihydroxytetraphenyl methane are dissolved in
“100 ml of glacial acetic acid, and 20 mM 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 | onger detectable. 100 - 200
m of water are added, and the precipitated solid is filtered off. This is
triturated with nmethanol and allowed to stand for several hours. After
filtration with suction and drying, the groduct is taken up in hot toluene
and subjected to fractional crystallization. Yield: 21.27 g (91~ of theory)

St age 2: Wdré&ﬁfﬁlérprb?@fjef%ixﬁté@ﬂt§§nBYQE8ﬁhl‘50rtiod%0?531%3}1%.93@@3&5On i's
ef fect ed accor.di 5rl%rto known nethods for _the hydrogenatjon of nitro,

compounds, asthfestehedt Foe EXEMBLE, Ifh EPigHsiS) USSR  sStartirgs 1o
4115420d'2ﬁ 30-5@9:41&%&_ nohere&fter, ha sluitable nitr%s_atirllg gg_ent25iosm f
, 4" - di hydr oxy; "-dinitrosotetraphenyl nethane are di ssolved | 0]
tetrahydrofur‘%jrii3 HF?P%andgé.eoorﬁl tfu%é/- P@%%éddé& unﬁE?‘rFﬁgrt Yas. The
suspensi @dn | semdemdiosss ureder Asrefferdbpas | frama prRvitons|40heat edn

hydr ogenati o clor..and_is hydroge a m re 4 h and
2 bar HzZ pre satrjrft(aal.é“%fafxgr qéjoﬁlyd%g%%ap' ?%dralcqti %Egﬁ Zﬁfg?&%#é sucs(%o nls?z%% IS
transferred Wederedsien gds the o steErbingmfmaparyelcdlasgyr sdseat bdte. 10 ni

of concentrat ﬁl—a‘gli r ?@@f’(f]nt : i . i tEgri ,I%Hﬂi n the
product has csgfr%r'p ete yleel ssol veg}ﬁ?%e@%;{tfed%é%?t%{le B%hr ee ?\r,r%g over
a Buchner furnet £8 Fsfe tie PAr&éacailpst 2 The 4sdtanrdn TRuSTSRaiFRd is

evapor atigd d@dpatatC enfl 30Bemafediiingtbodi t28s81 ebn@lotael regai n and
is added with rapid stirrjn toasolutlﬁn of 700 of di et hyl thecE and
30 nl of acetscﬂ%éje(%l &8t POt FKEPSHEHEAs FF S SAI e dURFPr2F9uFed 18C,

The solid is greysdnd 1 eTledl Al Ervsbh caugicumal ardh dehed. b¥i eluti AkB oy (94~
of theory) E)gg S SyLhest s oxyphenyl rac Q
9, 10- bi s( 3-am rr%-}%%yln]t Zeréls‘{iso rouft%:g{:n 152 Hgél)z-%gtlsgt ag%{h&ﬁr{;ﬁ 3rd st%e
HNO~/ H=S0, 1stepangjeion 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 is
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-aminophenols of
the formula I.

35 All customary nitrosating agents can be used for the
nitrosation. For example, isocamyl nitrite, alkyl



Stage 1: 9, 10-Bi s(4-net hoxy-3-nitrophenyl)anthracene 3 5 23.43 g (60 mopl)
“of 9, 10- bi s(4-methoxy)anthracene in 250 ml of acetic anhydride are
initially introduced and di ssolved. A solution of 18.7 m (0.184 nol) of
nitric acid (62~ strength) in 100 m of acetic anhydride is then added
dropwi se in the course of 30 mn to the 10 solution at 0OC. At the sane
tenperature, stirring is effected for 4 h and the precipitated solid is
filtered off with suction on a frit. Aft&? the end of the reaction, the

mixture is cangiuldes PouRed i At o B0 e Of o WBLELANG, 1 bet euohl dna
stirred. The product is 15 filtered off with suction, washed thoroughly

with water afPncetpatad isddutis ashd e pysktabhe: crude product is

di ssol ved at roomtenperature in toluene (2 nl/g) and heated to 90C) and

petroleumet (4 is,added, until crystalljzation begins. Te mxture

is then 20 sl ;P‘%:‘Hoé%%dthlw I‘FHErQEQp&?QP@h‘Qi 13 oFBEnf Sedwcg Sin

ﬁb f reezgrsggtC ﬂl%@ﬁl?‘&z—iéjlgﬂld lé%@@dehEo@reﬁuet pugpdisiesd they rfci4:ﬂ‘bs§ii 200
ar an ie .0

0. 50- B 5( - nSETIERARE (14  SERERy P BRPRPSCE 15 SU0CPBLEa SRIVERG For

9, 10- bi s( 4- netaopi-e3- nethepbenysyaimt raracemrahydrmfnb:ane of Zﬂeaxdne),f

butanone and b0 200 Wlapdle CORGRN! LBLAAL B, aEG T ERLUXEHILOT Sl vid e

stirring. Af fer the en of the reacton he suspensi on 1s_evapor ated down

to half its wsleferabiva ebfertedvapshatvdresen hndendaatalysisl or &l of f

W th sugly ongyReGY %!a{ﬂazl%}éton F4 05 &8k UeBeate el BRA LS ol adRdi 0¥ el d:

16.64 g (92~ of theory) St a%

9, 10- Bi s( 3- afiifo- 4DHGAPELPBRERT ) abBhr REFRNERITRRSHY dr REFRTFEH | &t

effected aCC@l@v@@:e@H da@wpres fees . f ar siydabyenakicag it rie ,cagrounds,
as descri bed, for exalrﬁ) j.N EP 905‘:?]:r L, exanple 8. 25 13.56 g (30 mml) of
9, 10- bi s( 4- hFFPER}-S3 1T AH e P di ssol ved in 300 M of THF,

and 3.00 g of 5~ Pd-C are added under inert gas. The suspension is

i ntroduged u r ert . I a pge us ed- h og
react orag)nd % roé%%a éﬁlﬁ@ég%{ﬂn&gs taefrrp\eerh%t u#én{ﬁ% % léglé\ld %{_@é bar Hz
pressure. Af PE¥EPRNSFdr ¥48nathen €PHEC8PORGing tIhetEQsRIMRVNES. t (BResf err ed

under inert gasdnttidnlObhdtepbranahibl claé:er@éﬂﬁ @Bh%n%roé@séﬁ £8k the
concentrated HCl are .added to the mxture while stirri ng when t
er

he
product has P¥eEGHATECR yOodi s?b?v@damELHQpHF?PﬂtFe PE fER féﬂn@ﬂt?n% over a
Bi i chner funm;qq]erierirpradehd]_o gfemnee AdwemBd cat al yst. The sol ution thus

obt ai negoi s evaporated down
QMQ
R°G GR

Formula IV

25 in which M and G have the meanings 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 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



18 at 70C and renmain and is ether and 20 stirring. The 5 dark violet c~ at
-18C. The and dried. 300 nbar until about 20 ml of ethanol added to a
solution of 500 m of diethyl m of acetone (Selectipur) with rapid product
is precipitated in the formof ystals. The suspension is stored for 24 h
solidis then filtered off with suction Yield: 12.37 g (89~ of theory) 10
Exanpl e 3: Synthesis of 4,4'-di(3-am no-4hydroxyphenoxy)tetraphenyl net hane
Synthesis route: 15 ox H ~/ K=C03 F ~ f{NO 1 st stage + 2 KZCO- 2nd

st age r 19 5 10
this reaction, however, it is necessary for the

hydroxyl groups of the starting material to Dbe
protected by corresponding protective groups R’. After a
purification of the bisnitro compound, the nitro group

5 is reduced to the amino group. For this purpose, the
bisnitro compound is dissolved in a suitable solvent,
for example tetrahydrofuran, a catalyst is added, for
example palladium on active 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

=

FORMULA V

25

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



15 20 25 02N\ / Stage 1: 3-Benzyl oxy-4-nitrofluorobenzene 157 g (1.00 nol)
of 3-fluoro-6-nitrophenol are initially taken in 500 ml of acetonitrile in
a threenecked flask (KPG stirrer, reflux condenser, inert gas connection),
and 174 g (1.02 nol) of benzyl bromi de and 345 g (2.50 nol) of potassium
carbonate are added in this sequence under inert gas. The m xture is
refluxed for 3 hours at 90C. After coolihgd to roomtenperature, the mxture
Ims f:cl tered V\uﬁéll FerimuQa and aﬂTua Fdfmlithél rkga.@@irbdxyhél gﬁgdig wbge tiﬂizéh 100
of acetonifrile each tine. e solution.is eyapor own unti

crystallizes, £%IF|‘H Hide \Izr ud@®pr odBEEVRE /£ Iatl\ﬁped f %f%c%#nl% tlln% crude
product is dlmamdeabfrcmntbmmmndt whe din ethylrasest athe (damd:gybic crude

product) and DLE e%l pi taéﬁd v!th e£<a %?g ,m /gafé?lgyrfgn %jl za% Tpe

m xture is stor over ni g ‘at r-conple cry i on
Yield: 1% g Qﬂwcbcbhctxnebc:ayr)bm:tmr@epoum BB Singe, 2: all reagents

4, 4" -Di (4-be tr en tr I ha 30. 7. 1
of 4 4 - di hyd ey Bl T ERACTRRN (AOSRRY TER Sahe s dhidil - SOl

3-f1 uor o- 6- ni thepERLYRDXPre S0ipARAGI aFer| ntm alaryeptamaetnqnn af the
three-necked 41 r@ﬂh}d@&@mwed ¥hih @3 g-RelEmi HeRRNQCt g, '&@P&
stirrer and rg{;l ux. condenser 58 %f N, N- di me JrﬁE:D or mamni de aL dded to
this mxture 2Rt § laé]nipe’?}a‘?u eCcag OEFY&IGSEEF P¥ OPLYEPEF3 1t t2fided to
tﬂe sol utd on d&wla?rf hbd»fyelic gasciadhd %éhelkxsa)tiﬁq‘zeolnofs tieé | uketnala 135|C d¢ 4 h.
Teprogresso t 1" $8 tion .is checke Qur rrean yer

chr omat ograph’f/ ?%tf’%%nf‘ Bélt rooﬁgeal%cetﬁggv‘(a?#a %BC% g‘tsﬁ)yca
acetate - 2 .tHe (Roumseducf -fxhmi9p )to AAQ ehoumssrpl élfe tequirsdon,thde
suspensi on i t p e u

cor Ut on (35055 i oo aH5, B PRER) Hsf A PRdh bd Mhfocka en B
preci pi t at ed $hitadele orargenfel THe dP‘?%Ya@shnyfﬁ@XYémbﬁ@m Prred; i ter

accel er atsd %@d%QQtQQHUtlgoP@echpl d apgt alkopyliiee PradYEt ohs 44 I tered
off, rinsed once with H20 and then pou recflnto 350 m of fetlc

acid sol ution r(%zﬁe‘ﬁ?tb?n H?@:l%lﬁfl df° c%nE’EﬁFFBP«E&tQFHmaﬁe%et"facs

The sol ution arsd s@irieéd SadtaB180 pﬂatmncta&ta@radantsl arkl hiagead aid and

additional ly I}ac&évvl ce th 200 m of H2 %he cru Wuct are

di ssolved in %@‘f)o M=ot tetT cﬁofls50 %?%eat e an? soI ution

is 25 kept atMizheutes | iafp mdmetste f pregdpiita tamg t hgentis| teaad alde S ution

S oheat ofh a0alded 0 A BELLIBICR S1AGT Bdehel A Wil Setcaleum
an de i

napht ha (boiling r ropw se unt preci‘pitation of the

A

product begi nErem 65 thell8dl @f oammenaip|. O\A'B@Iet@réééplsét?d RsokFmer
tenperature 3&‘&1—;' %eStQiﬁgcf:Q{r Zﬂlfthé‘raﬂﬁdé%@t ahﬂ@rat?b@npramyct i's
separated off f||tra|on and rinsed with tw ce of pet um
napht ha (f ra(,q‘? %0- e SRR | Je%is?ﬂ"ﬁ ctlrlls A e t 200
nbar for 24Isofﬁbﬂﬁflﬂenﬁsoﬂédgﬂﬁﬂbheﬁ dheory)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, c¢rosslinked polyvinylpyridine,



21 Stage 3: 4,4'-D (3-am no-4-hydroxyphenoxy)tetraphenyl met hane as the
hydr ochl ori de The hydrogenation is effected according to known 5 nethods

wi th the hydrogenation of nitro conpounds, as described, for exanple, in EP
905121, exanple 8. 54.48 g (67.57 mmol) of

4, 4" -di (4- benzyl oxy- 3-ni trophenoxy)tetraphenyl net hane are di ssol ved in 600
m~ of 10 THF, and 5.00 g of 5~ Pd-C are added under inert gas. The
suspension is introduced under Ar inert ggs into a previously heated

hydr ogeri ati on reactor and hydrogenated at roomtenperature for 24 h and at

2 bar H2 presgdéepaftignlariydpeagaatredn thEe £fi 2hdbedttird ScsniSPRERI ON IS
transferred under, neré gas into 200 m_ of ana&gtlcal- ragde ethapol. 10 m
£romg. t

of concent r at EBARELY ar ECadRPIFRFeI st i . t eSS PPFduck O hEsC -

conpl etely dihpatyggamide nduiimg ishéilwerkingbupe &f meshevereacBushner
funnel to renpve. the Pd catalyst. 20 The solution thus obtained is
evapor at ed dodh°3E€70C and 300 mbar until about 30 m of ethanol remain and
is added 50 a solution of 700 m of diethyl ether and 30 m of acetone

(Sel ectipur) wiih. ' tirgli The p LS p i pi ed [ n,the form
of dark violeﬁééglégféfgfs. %#é?%%%%ens%%ﬁygét%toré%gforég h %RIY% and
the solid is syrbhesiser @feof fY-uttyiadtonend getsahydroifurad?. 4Ny (87~

of theory)  p2rihpiSptr&l 8idRe 1-adh Pi G @ 1oPbERR! a8f thG EQLAUI 85 HZN ~
~ NHZ MHG G-1 5 Forpula I 10_.in which G 1s oxygen or sulfur; IS
principle any solvent in which the™ starting components

10 are readily soluble can be used.

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

25 Synthesis route:
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Stage 1: Nitrosation

20.07 g (0.057 mol) of 4,4'-dihydroxytetraphenylmethane
are dissolved in 100 ml of glacial acetic acid, and
20 ml of iscamyl nitrite are added dropwise at RT. The
course of the reaction is monitored by thin-layer
chromatography until starting material is no longer
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

crystallization.

Yield: 21.27 g (91% of theory)

Stage 2: Hydrogenation and isolation as hydrochloride
The hydrogenation is effected according to known

methods for the hydrogenation of nitro compounds, as
described, for example, in EP 905121, example 8.

23

*



*CCH~CH *-GQ CH3 *-~-CF~-CF3CH3CH3 *-G -~-CH3 ~CH3 *-G C *-CH

" CF--~CF3HCHI CH3CryCF3CH3 CF3*-CF*~"C-CF3 1*-N w CF3CF3CHI CF3 T is RL *-j-*
*-C* *-0-* *-SM WwNR=nis fromO to 5. 2. The bis-o0-am nophenol as
claimed in claiml1, of the fornula II 24 2N HG ~ ~ M~ ~ GH NHZ Formul a
Il 5 in which Mand G have the neaning stated in claim11. 3. The

bi s- 0-am nophenol as clained in claim1 or 2, wherein Gis an oxygen atom
10 4. A process for the preparation of Bbs-oan nophenols of the fornmula I,
wherein a diol of the formula Il \ \ MHO OH 15

20.5 g (0.05 mol) of 4,4'-dihydroxy-3,3'-dinitroso-
tetraphenylmethane are dissolved in 250 ml of tetra-
hydrofuran (THF), and 2.00 g of 5% Pd-C are added under
inert gas. The suspension is introduced under Ar inert
5 gas into a previously heated hydrogenation reactor and
is hydrogenated at room temperature for 24 h and 2 bar
H; pressure. After a hydrogenation time of 24 h, the
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 1is
filtered three times over a Bilichner funnel to remove
the Pd catalyst. The solution thus obtained 1is
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: 21.3% g (94% of theory)
Example 2: Synthesis of 9,10-bis(3-amino-4-
hydroxyphenyl)anthracene

25

Synthesis route:



~Formula 111 in which Mhas the neaning stated in claim1, is 20 nitrosated
wth a nitrosating agent to give the nitroso conpound, and the nitroso
conmpound is then reduced to the bis-o0-am nophenol of the fornula I. 5. The
process as claimed in claim4, wherein the 25 nitroso conpound i s reduced
wi th hydrogen gas under the action of a catalyst. 6. The process as cl ained
in claim5, wherein the catalyst is pal ladi umon active carbon. 30 25 7.
The process as clained in—any of clains 4 to 6, wherein_the nitrosating
agent is selected fromtfle yroup consisting of ¢goanyl hrite, alkyl
nitrites and a m xtg ‘ p ni tri B¥:4 5 co-; furic acid.
8. A process foo- dls\aj S-oai RYPHE @ e |,
wherein a diol of RGr /| &R 3 3541 n whi ch M
and G have the neaning S : BCti vengroup, is
nitrated with a nitrating=#gent to give the nitro conmpogrd, and the nitro
conpound is then reduced to give the bis-o0-am nophenol of the formula I. 20
9. The process as claimed in claim8, wherein protective group RS is a
group capabl e of undergoing reductiveyglimna 25 10. The process as
claimed in either of claigs 8 and 9, whyrejn t i i

benzyl group. .A . AalL. A(V@?AFa AL. A% A( 2 . AY; . AY. Aa% A,
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dissolved. A solu 1on of 18. 7 ml (O 184 mol) of nitric
acid (62% strength) in 100 ml of acetic anhydride is
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) 1is
added until crystallization begins. The mixture is then

20 slowly cooled to RT. The suspension is stored for 4 h
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(V‘igg/%/g g ) &.&I Eé%l%?i/‘g%}gﬂ()z?: ?g)/é@% S?;é%é/%e&'hel@é@l&ﬂ with . rapid
@ yer& () u?rrlng (’Bhe produc%: is prec:.pltated in the form of
5 dark violet crystals. The suspension is stored for 24 h
at -18°C. The solid is then filtered off with suction
and dried.

Yield: 12.37 g (89% of theory)

10
Example 3: Synthesis of 4,4'-di(3-amino-4-
hydroxyphenoxy) tetraphenylmethane
Synthesis route:

15

<:f K,CO,
F NO, e 0
1st stage
F NO

OH + 2 Q -
2nd stage
F NO,
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Stage 1l: 3-Benzyloxy-4-nitrofluorobenzene

157 ¢ (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
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
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
for complete crystallization.

Yield: 194 g (80% of theory)

Melting point: 58°C

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-
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109 () -F Lformamide are added to this mixture at room

5 temperature. 61.0 g (354 mmol) of K,CO; are added to the

solution under inert gas and the solution is refluxed

at 135°C for 4 h. The progress of the reaction is

checked hourly by means of thin-layer chromatography

(eluent: petroleum ether (fraction 80-120°C): ethyl

10 acetate = 2 : 1 (Rf,product = 0.49)). After complete

conversion, the suspension is cooled to room

temperature and poured into ~ agqueous KOH solution

(350 ml of H;0/7.2 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;0 and then poured into 350 ml of acetic

acid solution (320 ml of Hy;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 H,0.

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)
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methane as the hydrochlorid

The hydrogenation is effected according to known
5 methods with the hydrogenation of nitro compounds, as
described, for example, in EP 905121, example 8.

54.48 g (67.57 mmol) of 4,4'-di(4-benzyloxy-3-nitro-
phenoxy) tetraphenylmethane are dissolved in 600 m]l 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 Bilichner 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 is precipitated in the form of dark wviolet
25 crystals. The suspension is 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)
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Formula T

in which
10

G is oxygen or sulfur;

M is

G
s

H. oo,

15
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R, R?, in each case independently, are

" *+C+CH *—G—{—C——)——CH
—@ H.‘, n 3 H2 n 3

CH CH

/703 73
*=—C—CH,§ »—G—C—CH, *—-(-—cr;-);—csa
CH, cH,
[ - /CHG /CHa
*»—G { Cr; = “FB —G_C{{ *—C{'I
CH, CH,
*»=—CF m'—C\""CF3 *“‘N\ w—N
CF, CF, CH, CFa.
’
5
T is
1
§ I R
*—(IZ—* *—C— * 0w *#—S—x% v —N—x
R?
10
n is from 0 to 5.
2. The bis-o-aminophenol as claimed in claim 1, of

the formula II



10:°10:9110% & ()-2 10% & ()- ,mO0% & ()-0131 11X Zlolyl {Y7eF 110
,10% i & ()-! ,109M M & ()- Y 10%& ()-!Y 109W& ()-!Y 109EME& ()- 96

1098 ()-yl1I11111aC) " f10%& ()-' #3

“f10%v&' ()-"f109%v& ()- f10%v&' ()- SL0%VE ()--!q@10% ()-11111111KL-"f10%V&
()-"f109& ()- " f10%& ()- "f109v& ()-'#3 “f10%& ()- f109%& ()-I1Inmm
nmMmoU7" " #3 ~f 109& () - f 10%v& ()- f 10%V&' ()-' #3

“f 1098 () - f109%v& () - mmPem-mOnBndni JO f 109K () - f 109K ()-' f10%& ()- f1
0%VE' ()- f10%v& ()- f10%v& ()- f10%v& ()2%Om m
nmEN?m@AnBm R8™ f~ f 109v&' () - f 10%Vv&' () - #3

Cf109%VR () - f10%v& ()- f109%v& (HeM #3 BminKmOnsSn] m mankM3' f 10908 () -' #3

“f 1098 ()-"f109%v& ()-"f109%& ()-'
“f 1098 () - ami mknr ms mand mrk L- g ~f 10%VE' ()-' #3

“f 1098 () - f109%vE ()- f10%WE. ()- S.JG.B%'&'()-%fIO%/&'()-'#B
“f 1098 () - f109%& ()-"f109%v& ()-'#3 nmmnnn nnyW . 10983& () - &&
1098D&3& ()-10"10"10" ,Y:110% & ()-- S7 NH,

Formula II

5 in which M and G have the meaning stated in claim
1.
3. The bis-o-aminophenol as claimed 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 IIT

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
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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.



